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American I]NfeTrn]TE'.OF ELECjRidAL Engenebrs’ 

< * ♦ . * • 

. ' r^Some c/idMUes emd Services Opfn to Members — 

Hiibra^ Service. —The Engineering Societies Library is«the joint p^perty of the feur national 
societies of Civil, Mining, Mechanical, and Electrical Engineers and comprises one of the most complete technical 
libraries-in existence.* Arrangements have been made to place the resources of the library at the disposal!]of 
Institute'members„%herever located. Books are rented for limited periods, bibliographies prepwed on regjjest, 
copies- and translations of articles furnished, etc., at charges which cover mereiy the cpst of the sei-vice. The 
Director of the library will gladly give any i^ormation requested as to the scope and cost of ^yy deshed service. 
The library is open fro^p 9 a. m. to 10 p. m. every day except holidays and dilring July dnd August, whep incloses 
at 5 p. m. _ • • . ■ ' 

Employmenjt Service. —The employment service is a joint activity administered by the Civil, 

. Mining, Mechanical, and Electrical Engineeilug societies and is available to the membership of these societies. 

^ Branches of thisJD^Pjartment are located iq Ebicago and San Francisco, the main office being located at the 
" societies headqr^^ ^'in New York. The service is designed to be mutually helpful to ^gineers seeking employ¬ 
ment, and con(?eri..^ uesiring to secure* the services of engineers. This department is financed by conti-ibutions 
from fhe soineties maintaining it and frbni beneficiaries of the service. Further details will be furnished on I’equest 
to the ManagjfSts of the Employment Service at the main or branch offices, addi-esses of which will be found else- 
‘ where ifi this is^ue. *. • . 

Presentation of Papers. —An important activity of the Institute is the prepai-ation and presentation 
of papers'before meetings of the Institute. Opportunity is offgifed for any member to present a paper of general 
interest to engineers at an Institute meeting, or of having ihOrter contributions j^blished in -the Joinjial 
without verbal presentation. In preparing a paper for pres^tation at a meeting, the fii-st step should be to 
notify the Meetings and Papers Committee about it so that it may be tentatively schedffied. Programs for the 
nfeetings are formulated several months in advance, and unless it is kncfWfi well in advance that si>paper is forth¬ 
coming, it may be subject to many months delay before it can bd^assigned to a definite meeting pregrEun. Imme¬ 
diately upon notification, th» author will receive a pamphlet entitled “Suggestions to Authors” which gives in^ 
brief form, instructions in regard to Institute requirements in the preparation of manuscripts and illustratfons. 
This pamphlet contains many helpful suggestions and its use may avoid much loss of time in making dhanges to 
meet Institute requirements. 

Manuscripts should be in triplicate and should be submitted at least three months in advallce of t^ date of 
the meeting^or wMch they are intended. These manuscripts ai-e submitted fii-st to the members of the tecljnteal 
. .committee covering the suljject of the paper, and if approved will next go to the Meetings and Papers Cominitt^e 
«for final disposal. After fiml acceptance, the paper goes to the Editorial department for printing which requiAs 
usually from two to three weeks. Advance copies are desired about ten days prior to the meeting in order to 
distribute the paper to members desiring to discuss it. Considering the routine through which all*paj}(!rs must 
pass, the advant&ge of prompt notification and early submission of manuscriijts will be apparent. . 

^ • r 

" Publications ‘ of the A. I. E. E. —The chief publications of the Ipstitute are the JOURNAL, 
Quarterly trai^sactions, A. I. E. E. Standards, and the Year-Book. 

* The Journal, a monthly publication which every member receives, contains two sections, one devoted to 
'’technical papers, and the other to current activities of the Institute and other related subjects of engineering 
•interest." The* technical section consists largely of rather complete abridgments of the papers presented at.con- 
ventions and meetings of the Institute. These are brief enough to enable the reader to keep posted inrthe various 
•fields of engineering which the papers cover; and complete copies of any paper are sent gratis to the reader who 
wishes to specicdize on any subject. The second section of the JOURNAL is desired to keep members 
dbquainted with the activities of the Institute and with the news of the engineering world in general. • 

The' Quarterly transactions contain the papers and discussions at Institute meetings 'arid are 
the only publications in which they are printed in full. These volumes are designed Q^cipally for retoence books, 
and are furnished to members at a very nominal cost. These volumes practicafi^ constitute the history of the . 
art gS electrical engineering, as they contain papers coverihg every major dectrica^evelopment. 

The A. ifE. E. Standards which were formerly published in a single/'ook have so increased in volurSe 
that they are now ^vided into more than thirty individual sections and the number is constantly Rowing. This 
arrangement gives greater latitude in publishing re-visions of any sections promptly, and convenient lenders are 
, furnished for ffiing all the individual seditions under one cover. An index for th^f complete set is also available. 
The standards are supplied to members at a very small cost. * 

The YEAR-BOOK is published annually and contains an alphabetical and a geographical list of members Cor¬ 
rected to January first each year. It also includes a section giving general jpformation about the Institute, the 
Constitution, By-laws, Code of Principles of Professional Conduct and tnevAnnual Reporfr of the Boai’^ of 
Directors. TJie Year-Book is sent free to memljprs on inquest? 
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American Institute of Electrical Engineers 

: —Sbme c4cti^ities and Services Open to (dernhers-^ - 

. Conventio|;is.—^The Institute holds three national conventions'each year"; the Winter Con¬ 
vention in January, the Summer Convention in June, and the Pa<^C'Coast Convention usua^y in 
September. , 

'» ^ \ . 

The Win^r Conventions aro jisually the outstanding technical meetings of each ye^r 

and are helrfinti e eastern-section of the country, generally in New York City. The programs consist 
chiefly «>f tftftlinififll sessions whicK occupy practically all the available time of a five-day meeting, 
except onerday, which is set aside for inspectibn trips to engineering works of interest in the neighbor¬ 
hood of the convention city. The only social 'function, aside from the entertaimnent provided for ladies 
in attendance, is a dinner-dance held on one evening during the convention. The Whiter Conventions 
have been described as the “working conventions” hf the Institute because the social and entertainment 
features are almost entirely subordinated to the consideration nf technical papers. , 

Attendance at Conventions.—Taking part in the Institute conventions is one of the 
most useful and helpful activities which membership in the Institute dffords. The advantageo offered 
lie in two distinct channels, technical information and pers&nal contacts. The papers pres&ted are 
largely upon current proSems and new developments, and the educational advantages of hearing and 
taking part in the discussion of these subjects in an open forum cannot but broaden the visiop and aug-: 
ment the general knowledge of those who participate. Equally advantageous is the opportunity which 
conventions afford to extend professional acquaintances and to gain the inspiration which grows out of 
intimate contact with the leaders in electrical engineering. These conventions draw an attendance of 
1000 to 2000 people and constitute milestones in the development of the electrical art. 

Presentation of Papers.—An important activity of the Institute is the preparation and 
presentation-of papers before meetings of the Institute^ Opportunity is offered for any member to 
present a paper of general interest to engineers at an Institute meeting, or of having shorter contribu- 
^ tions published in the Journal without verbal presentation. In preparing a paper for presentation • 
^at a meeting, the first step should be to notify the Meetings and Papers Committee about it so that 
it may be tentatively scheduled. Programs for the meetings are formulated several months in advance, 
and unless it is known well in advance that a paper is forthcoming, it may be subject to many memths 
delay before it can be assigned to af definite meeting program. Immediately upon notification, the* 
* author will receive a pamphlet entitled “Suggestions to Authors” which gives in brief form, instructions 
in regard to Institute requirements in the preparation of manuscripts and illustrations. This pamphlet 
contains many helpful suggestions and its use may avoid much loss of time in making changes to m€fet 
Institute requirements. * 

Manuscripts should be in triplicate and.should be submitted at least three months in advance of 
the date of the meeting for which they are intended. These manuscripts a^e submitted first to the 
members of the technical committee covering the subject of the paper, an(^ approved will next go to 
the Meetings and Papers Committee for final disposal. After final acceptance, the paper goes to the 
Editoried depar&ent for printing which requires usually from two to three weeks. Advance copies 
are desired about ten days prior to iSie meeting in order to distribute the papey to members desiring to 
discuss it. Considering the routine through which all papers must pass, the advantage of prompt 
notification and early submission of manuscripts will be apparent. 
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American Institute DF Electrical Engineers 

—^Some (AdMties an^ Services Opefi to Members — 

Xo IVlemliers Going Abroad.—Members of the Instit)iite who contemplate visiting foreign 
countries axe reminded that since 1912 the Institute has had reciprocal arrangements with a number 
of foreign engin^nn^ societies for the exchwge of visiting-member privileges, whicE entitle members 
of the Institute while abroad to naembership privileges in these societies forperiod of three months 
and members of foreign sodeties visiting the United States to the privileges of Institute membership for. 
a like period of time^ upon presentation of proper credentials. A form otf certificate whi& serves as 
credentials from the Institute to the fordgn societies for the use of In^tute members desiring to.Avail 
themselves of these exchange privileges may be obtained upon application to Institute headquafters, 
New York. \ 

The sociptia&^th which these reciprocal arrangements have been established and are still in effect 
are: Institution Electrical Engineers (Great Britain), Societe Francaise des ;^e??triciens (France), 
Associatfbn Suisse des Electriciens (Switzerland), Associazione Elettrotecnica Italiana (Italy), 
Kpnlnkhjklnstituut van Ingenieurs (Holland), Verband Deutscher Elektrotechniker E. V. (Germany), 
Denki Gakkwai (Japan), Norsk ElektroteKnisk Forening (Norway), Elektrotechnidky Svaz Cesko- 
*■ slovensky (Czechoslovakia), and The Institution- of Enginemrs, Australia (Australia). 

Coxiyentious.—^The Institute holds three national-conventions each year f the Winter Con¬ 
vention in January, the Sununer Convention in June, and tlie Pacific Coast Convention usually in 
. September. ■ , » 

t ■ ^ 

’ Xbie Summer Cenwentions are designed to be less strenuous than the Winter Convention 
and they are usually held in various parts of the country at summer resorts, where the technical activi%s 
and the recreation features can be about evenly balanced. Several years ago the Board of Diredtors, 
recognizing the benefits to be derived by members from personal contacts and social intercourse, ruled 
that the J^chnical sessions be confined to the mornings, leaving the balance of each day free*for soci^ 
and entertainment purposes, and in recent years the Summer Convention programs have been for¬ 
mulated upon this ruling. The same high grade is maintained in all convention papers, wherever pre- 
■ sented, but the number o? papers placed on the Summer Convention programs is reduced in proportion 
X to the smadler number of technical sessions scheduled. An important feature of each Summer 'Cen- 
vention is the presentation of the Technical Committee reports, each of which covers a distinct phase 
«of electirical engineering and brings the advances and improvements in the art thoroughly down to date. 

- Preseutation of Papers.—^An important activity of the Institute is the preparation and 

presentation of papers before meetings of the Institute. Opportunity is offered for any member to 
preseht a paper of general interest to engineers at an Institute meeting, or of having shorter contribu¬ 
tions published in the Journal without verbal presentation. In preparing a paper for presentation 
at a meetings the first step should be to notify the Meetings and Papers Committee about it so that 
’ - it may be tentatively scheduled. Programs for the meetings are formulated several mon ths in advance, 
it is known well in advance that a paper is forthcoming, it may be subject to many months 
delay before it can be eissigned to a definite meeting program. Immediately upon notification, the 
author will receive a pamphlet entitled “Suggestions to Authors” which gives in brief form instructions 
■ iq,regard to Institute requirements in the preparation of manuscripts and illustrations. This pamphlet 
p con'*'-"''"!* nrany helpful suggestions and its use may avoid much loss of time jn making changes to meet 
Institute requirements. " 

Manuscripts should be in triplicate and should be submitted at least three months in advanceK>f 
the date of the meeting for which tliey are intended. These manusmpts arS submitted first to the 
members of the tedmical conunittee covering the subject of the paper, and if approved will next go to 
the Meetings and Papers Committee for final disposed. After final acceptance, the paper goes to the 
Editorial department for printing which requires usually from two to tittee wdeks. Advance copies 
are desired about ten days prior to the meeting m order tc^distribute the paper to members desiring to 
discuss it. * Considering the routine throu^ whicfi all papers must pass, the advantage 8f prompt 
notification and early submission of manuscripts wiU be apparent. 
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—Some cHcth>ities and Services Open to Members — 

r\ * ft. . 

The Pacific Coast Conventions as their name implies are always held in the.Pacific 
Coast States or IBritish Columbia, and were inaugurated for the benefit of Western'members who by 
reason of their location could not conveniently attend the conventions held jin the eastern part of the 
country. The engineering problems encountered in the West have also been different to some extent- 
from these in the East owing to the very long-distance high-voltage trahsmission systerns which ai'e 
characteristic of the Pacific Coast region. The programs of these aconventions cover all phases of 
electrical engineering-but accentuate those features which are of peculiar interest to western engineers. 
Social and entertainment features are always included, as well as inspection trips of special interest to 
visitors from a,^|^ance. . , ■ 

.• AtAez2dance at Gonventioii^a —Taking part in the Institute conventions is one of the 
most useful and helpful activities which membership in the Institute affords. The advantages offered 
lie in two (^tinct channels, technical information and personal contacts. The papers presented are 
largely upon current problems and new developments, and the educational advantages of hearing and 
t^ing part in the discussion of these subjects in an*'open forum cannot but broaden the vision and aug¬ 
ment the general knowledge of those who participate. EqufJly advantageous is the /opportunity which 
conventions affo?d to extend professional acquaintances and to gain the inspiration which grows out of 
^ intimate contact with the leaders in electrical engineering. These conventions draw an attendance of 
1000 to 2000 people and constitute milestones in the developi^ent of the^electrical art. '' 


t •»; i: 


Eimployment Service.—The employment service is a joint activity administered by the Civil, 
Mining, Mechanical, and Electrical Engineering societies and is available to the membership of th&e 
societies. Branches of this Department are located in Chicago and San Francisco, the main office being 
located irt the societies headquarters in New York. The service is designed to be mutually4ielpful,1io 
engineers seeking employment, and concerns desiring to secure the services of engineers. This depart¬ 
ment is financed by contributions from the societies maintaining it and from beneficiaries of the service. 
Further details will be fuTnished on request to the Managers of the Employment Service at the main or 
branch offices, addresses of which will be found elsewhere in this issue. . 
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<r Presentation of Papers. —^An important activity of the Institute is the preparation sind 
"■ presentation of pap^s before meetings of the Institute. Opportunity is offered for any member to 
, present a paper of general interest to engineers at an Institute meeting, or of having shorter contribu- 
^ tions published in the Journal ..without verbal presentation. In preparing a paper for presentation 
at a meeting, the first step should be to notify the Meetings and Papers Committee about it so that 
it may be tentatively scheduled. Prograuns for the meetings are formulated several montlm in advance,' 
and unless it is known well in advance that a paper is forthcoming, it may be subject toTaiany months 
. delay before'it can be assigned to a definite meeting program. Immediately upon notification, t^e 
author will receive a pamphlet entitled “Suggestions to Authors” which gives in brief form instruction^ 
in regard to Institute requirements in the preparation of manuscripts and illustrations. This pamphlet 
contains many, helpful suggestions and its use may avoid much loss of time in making changes to meet 
Institute requirements. 

Manuscripts should be in triplicate and should be submitted at least^three months in advance Of 
the date of the fheeting for which they are intended. These manuscript are submitted first to the 
members of the technical committee covering the subject of the paper, and if ^proved will next gcfto 
the Meetings and Papers Committee for final disposal. After ^al acceptance, the paper goes to the 
Editorial department for printing which requires usually from two to three weeks. Advance copies 
are desired ediout ten days prior to the meeting in order to distribute the paper to members desiring to 
discuss it. Considering Jhe routine through which all papers must pa^, the advantage .of prompt 
notification and early submission of manuscripts ijfill be "apparent. A 
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• of Papers.— An important activity of the Institute is the preparation and 

presentetion of papers before meetings of the Institute. Opportunity is offered for any member to 
present a pap^ of general interest to engineers at an Institute meeting, or of having shorter contiibu- 
bons published in the Journal without verbal presentation. In pr^.gparing a paper for presentation 
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American INstitiite of EiJEcrmiLu. Engiot^ 

c^cftl^s ihd Serouxs Open to Mehtbers— 

most useful and helpful part m tlje Institute conventions k ohe^of the 

He in two distinct channeirieli^ membership m the Institute affords. The advantages offered 
largely upon current problems an/i tia p^sonal contacts. The papers presented are 

taking part in the discussion” f ^ ^ education^ advantages of Wing and^ 

ment the generaUnowledfre of tin? opeoJorum cannot but broaden the vision and aug- 

convcntions afford to extend nrofellil advantageous is tiie OppbHunity which 

intimate contact with the liSfTn eWt^^r^ — to gai^the inspiration which gro^s'out of 

1000 to 2000 pebpk and constitui ^^®®®^oonventi6ns draw an attendance of 

F« ‘"constitute milestones m the development of the dectrical art. 

presentation of papers fcefor^meetin^ iM^rtant activity of the Institute k the preparation and 
•preseSt a paper of genera! kiter?s?J?fnie?r« Opportunity k off^r^ for any member to 

. tiona pul>li6hcd in the Jourim a t Institute meeting, or of having shorter contribu- 

it may lie icntativelv schediil<>H Pi. r ^ ^ Meetings and Papers Committee about it so that 

• and unless it k known wcU ii adv^cf th?t* "■®. several months in advance, 

delay before it carbe?^iol?H T !i^ I forthcoming, it may be subject to many montlJ 

sal™..^ to. to .aA.bara of 

approved will next go to the Meetings and Papers Committee for fingl disposal After fintfl acceutiMi aa 
topapar yeB.0 to EditorW departmaa, far prmto* wUchXSTld^^r^S: 
weeks. Advance copies are desired about ten days prior to the meeting in order to distribute the nener" " 
^ <fisctiss it. Considering the routine through which aU papers must p^' " 
the advantage of prompt notification and early submission of manuscripts will brappLT! ^ 

OUAI^JEnL”*SAN?A?lT^SS r'f chief pubHcations of the Institute are the JOURNAL 
JARTERLY .IRANSACTIONS, A. I. E.E. STANDARDS, and the YEAR'BOOJE 

fiAv rll . P^l^Kcation which every member receives, contains two sections one 

■ tcchmoal papers, ai^the o^er to current activities of the Institute and other related sub- 

tbVl,r^ «»fl«'c«rnig m twest. The techmcal section consists largely of rather complete abridgments of 
the ? f«<; conventions.^d meetings of the Institute. These are brief enoughtd enable - 
th. leadei to keep posUxl in the various fields of engineering which the papers cover; and complete 
copies of aiiy pap(!r are sent gratis to^the reader who wishes to specialke on any subject. The s^ond ^ 

is designed to keep members acquainted with the activities of the Institute and 
witn the n(iw.s of th(! engineering world in general. 

QUMITTERLY TRANSACTIONS_contain the papers and dkcussions at Institute meetings and are 
the only puhhcalions in which they are printed in full. These volumes are designed principally for 
reference books, and are furnished to members aft a very nominal cost. These volumes practicaHy 
constitute the history of the art of electrical engineering, as they contain papers covering every maior . 
electrical development. ^ s J ^ 

The A. I. E. E. STANDARDS^ which were formerly publkhed in a single book have so increased in 
volume that they are now divided into more than thirty individual sections a^d the number is constantly 
growing. This arrangement gives greater latitude in pubfishing revisions of any sections promptly, 
and convenient binders are furnished for fifing all the individual sections under one cover. An index' 
for the complete set i| also available. The stahdards are supplied to members at a very aniql[ cost. 

Tlie Year-Book k published annaially and contains an alphabetical and a geographical Ikt of 
members corrected to January first each year. It also includes a section giv ing geperfil information 
about tho Institute, the Constitution, By-laws, Code of Principles of Professional Conduct and the 
Annual Report of thc^Board of Directors. The "^ear-^ook k sent free to members on reqilest. 
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. American Institute of Electrical Engineers 

r J; « ' , ' . 

—Some c4cti))ities and Services Open to Members— 

‘ r . ^ r ' > . 

Attendan^^at Conventions.—Taking part in the Institute conventions is one of the 
most useful and'hdpful activities wJtiich membership in the Institute affords. The advantages offered 
he m two distinct channels, technical information and personal contacts. rThe papers presented are 
lar^ly upon current problems and new developments, and the educational advantages of, hearing and 
takmg part in the (Mscussion of these subjects in an open forum cannot but broaden'the vision and aug¬ 
ment the genwal knowledge of those who participate. Equally advaJJtafeeous is the opportunityTrhich 
conventions affor^ to extend professional acquaintances and to gain the iiMpiration which grows out of 
mtimate contact witii the leaders in electrical engineering. These ccnvenitiohs draw an attendance of 
1000 to 2000 people and constitute milestones in the development of the Alp/»tricel art. 

Presentation of Papers. An important activity of the Institute k the preparation and 
presentati 9 n of papers before meetings of the Institute. Opportunity is offered for any member to 
present of general interest to engineers at an Institute meeting, or of havingshorter contribu¬ 

tions pubUshed in the Journal without verbal presentation. In preparing a paper for presentation 
at a meeting, the first step should be to notify the Meetings and Papers Committee about it so that 
It may be tentetiyely schedided. Programs for the meetings dre formulated several months in advance 
and um^s it u^o^ra well in advance that a paper is forthcoming, it may be subjwt to many months 
delay before it can be assigned to a definite meeting program. Immediately upon notification, the 
author ^r^ye a pampMet entitled “Suggestions to Authors” which gives in brief form instructions 
m reg^d to Institute requirements in the preparation of manuscripts and illustrations. This pamphlet 

^n^s many helpful si^^stions and its use may avoid much loss of time in mnTfing changes to meet 
Institute requirements. 

Manusmpts should be in triplicate and should be sent to Institute headquarters at''least 
three mon^ m advance of the date of the meeting for which they are intended. They are then 
submittsd mst to the membars of the technical committee covering the subject of the paper ana.*if 
approved will next go to the Meetings and Papers Committee for final disposal. After final acceptance * 
the paper goes to the Ei^itorial department for printing which requires usuaUy from two to thre^ 
weeks. Advice copies are desired about ten days prior to the meeting in order to distribute the paper 
to members desnmg to discuss it. Considering the routing through wMch all papers must pass 
the advantage of prompt notification and early submission of manuscripts wiU be apparent. 

' of the A. I. E. E.— The chief publications of the Institute are the JOURNAL- 

QUARTERLY Transactions, a. I. E. E. standards, and the year-book. 

A ® publication which every member receives, contains two sections, one 

devoted to. technical papers, and the other to current activities of the Institute and other related sub¬ 
jects of engmeermg interest. The technical section consists largely of rather complete ^ridgiiients of 
toe papers presented at conventions and meetings of the Institute. These are brief enough to enable 
toe reader to keep posted m toe various fields of engineering which the papers cover; and complete 
co^es 01 any paper are sent gratis to the reader who wishes to specialize on any subject. The second 
section of toe jomNAL is desired to keep members acquainted with the activities of the Instituteand 
witu tiie news of the engineering world in general. 

TheQU^TERLY TRANSACriONSjcontain the pjipers and discussions at Institute meetings and are 
toe only jp^hcations m which they are printed in fuU. These volumes are designed principaUy for 
reler^ce books, and are furnished to members at a v»y nominal cost. These volumes practicsilY 
d^^*dwel^meV^ electrical engineering, as they contauTpapers covering every major 

1 which were formerly published in a single book have so increased in 

volume toattoeyarenowdividedintomore than thirty individual sections and the number is constantly 

growing. ^8 arrangement gives greater latitude in publishing revisions of ,any sections promptly 
^d convement binders «re furnished for filing all toe individual section under one cover. An index 
or c^plete set is also available. The standards are supplied to members at a very, small cost. 

ine YEAR-BOOK is published annually and contains an alphabetical and a geograp^pcal list of 
memb^s corrected to Janueury first each year. It also includes a section giving general information 
a out t^ Institute, Constitution, By-laws, Cade of Principles of Professional Conduct* and toe 
Annual Report of the Board of Directors. The Year-Bqek is sent free to mfembers on request: - 
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American Institute of Electrical Engineers 

—Some e/lctMties and Services Open to Members —“ 

. * r , ^ 

; ^The inter Conventions are usually the outstanding technical meetings of each yeaj:, 

are held in the eastern section of the country, generally in New York City. The programs consist 
chiefly of technical sessions which occupy practically all Hie available time of a flvy-day meeting, 
except one day which is set aside for mspection trips to engineering yrorks of interest in the neighbor¬ 
hood of the convention city. Aside from the entertainment provideii for ladies in attendance,'^ 4 he only 
social functionals a. dinner-dance held 91 I one evening during the convention. The Winter Conventions 
have been described as the “working conventions” of the Institute because'the social and entertainment 
features are almost entirely subordinate to* the consideration of technical papery 

. 'Presentation of Papers. ' An important activity of the Institute is the preparation and 
. presentation of papers before meetings^ of the Institute. Opportunity is ojffered for any member to 
present a paper of general interest to en^eers at an Institute meeting, or of havfng shorter contribu¬ 
tions pubUshed in the Journal without verb^ presentation, in preparing a paper for presentation 
•» at a meeting the first step should be to notify the Meetings and Papers Committee about it so that 
it may be tentatively schedule. Programs for the meetings are formulated sevetal months in advance . 
and unless it is known well in advance that a paper is forthcoming, it may be subject to many months 
delay before it can be assigned to a definite meeting program. « ^pimediately upon notification the 
author will receive a pamphlet entitied “Suggestions to Authors” which gives in brief form instructions' 
in regmd to Institute nRjAirements in the prepmation of manuscripts and illustrations. This pamphlet 
contains many helpful suggestions and its use may avoid much loss of time in nmlfing changes to^meet 
Institute requirements. r ^ ' 

Manuscripts should be in triplicate and should be sent to Institute headquarters at least 
thretf months in advance of the date of the meeting for which they are intended; then ar^Uey 
submitted first to the members of the technical committee covering the subject of the paper, and if 
approved, will next gp to the Meetings and Papers Committee for final disposal. AfterlSnal acceptance 
the paper goes to the Editorial department for printing, which requires usually from two to three 
weeks. Advance copies are desired about ten days prior to the meeting in order to distribute th^ paper 
to members desiring to disci^ it. Considering the routine through, which all papers must pAaa^ 
Ike advantage of prompt notification and early submission of manuscripts .will be apparent. 

Attendance at Conventions.-Taking part in the Institute conventions is one of the 
most useful and hdpful activities which membership in the Institute affords. The advantages offered 
hem two distinct channels; technical information and personal contacts. The papers presefited are ■ 
largely upon current problems and new developments, and the educational advantages of hearing and 
taking pqrt in the discussion of these subjects in an open forum cannot but broaden lie vision and aug- . 
ment the genial knowledge of those who partidpate. Equally advantageous is the opportunity which 
Conventions afford to extend professional acquaintances and to gain the inspiration which grows cut of 
mtimata contact with the leaders in electrical engineering. These conventions draw an attendance of 

from 1000 to 2000 people and constitute milestones in the development of the electrical art. 

• 

li^ra^ Service. The Engineering Societies Library is the joint property of the four 
national soaeties of Civil, Mining, Mechanical, and Electrical Engineqjs and comprises one of the'most ' 
complete technical libraries in existence. Arrangements have been made to place the resources of 
the Imra^at the disposal of Institute members, wherever located. Beoks are rented for fimitoj 
pmods, bibliographies prepared on request, copies and translations of articles furnished, etc at 
chMges which merely cover the cost of the service. The Director of the library wiU gladly give any- 
infomation requested as to the scope and cost of any desired service.^ TheJibrary is open from 9 a. m. 
to 10 p. m. every da]f*except holidays and dunng July^and August, when it closes at 5 p.m. 
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A re we torch bearers fy the engineers of the morrow? 

What can and should the profession, working through the Institute^ do to furnish 
the most effective guidance to the engineering ndvitiate? • 

. This is a major problem of our Committee on Edifcation. * 

The members of this Committee, representing educators and executives of electrical in¬ 
dustries, are giving this subject earnest attention under the able leadership o^ Chairman 
Edward Benne*tt*of the University of Wisconsin. They have agfeed that the most promisif^g 
line of first action would be an investigation of mearfs of stimulating the extension of profes¬ 
sional education after graduation. 

The personnel of the Committee gives assurance ofworth while accomplishment. What¬ 
ever plan or suggestion matures frorti their deliberations it is certain that the active aid of 
practising engineers will be required tp carry it to success. Professor Bennett stated this well 
last summer ir^ accepting the chairmanship: 

.The primary function of the Committee is to bring the thought of the group of practising engiriters to bear 
upon some of the problems of engineering education. 

^Practising engineers appreciate that it is beyond the scope of colleges to turn out full 
fledged engineers. The quality of the engineering done by our successors will in a large mea¬ 
sure oe determined by what the present generation of practitioners does ttbliEuide the graduates. 
Dr. W. E. Wickenden, Director of Investigation, S.P.E.E., and recently elected Presi- 
* dent of the Case School of Applied Science, and who has probably given this general sub¬ 
ject more complete study than any other one man, in an article sometime ago stated the case 
thus: 

• j Engineering education can be bettered in details by the efforts of the colleges acting alone, but it can fee 
rnade adequate to its task in American life only when it becomes a part of far-seeing plans for the development 
of our profession and our industries. 

The*practising engineer must take the lead in developing such plans.^ 

Engineers have thus far done little to foster the growth of group consciousness and pro- 
.fessional pride. They have apparently failed to note the beneficial effect on the legal and the 
medical professions of the attitude taken by lawyers and doctors. In a recent letter Prof. 
William H. Timbie of Massachusetts Institute of Technology comments on this as follows: 

It seems to me may well take a leaf out of the book of the medical profession. On the day the. young stu¬ 
dent arrives in the medical college he is called “Doctor” by‘everybody. When he goes back home at vacation 
time the local physicians seem to Imow about him and make it a point to become acquainted with him 
Other physicians make it a point to invite him to witness particularly interesting operating cases at the hos- 
pital. In fact, everything is done to make him feel that he is one of the profession and to increase his interest 
apd knowledge in the various aspects of his work. 

. • ♦ « .* Surely the older engineers can in a large measure show the same interest in the young engineer 
graduate that the medical profession docs in its younger members. 

The educators have their own organization for the discussion of curriculum and related 
problems in the S. P. E. E. The part that the practitioners should play is common* to all 
branches of engineering. The subject seems to be sufficiently important to warrant the 
appointment of a semi-permanent committee on education with joint representation from 
all of the national engineering societies. 

Meanwhile there are countless ways in which practising electrical engineers can aid 
throi^h our Sections and Branches. 

Chairman Bennett has written an article suggesting some of these ways. This will Jae 
found on page 310 of this Journal and its careful reading is commended to all leaders in 
Section activities. * • 

, It rests with you, fellow members, to determine the quality of engineering in the years 
to come. • _ • 


President: 
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Jourim.1 A. I. E. E. 


Some Leaders * • 

of the A. I. £. E. . 

Charles Watfrman Stone, Consulting Engi|«er for 
the General Electric Company, a Manager* of the 
Institute 1908-1911, and one of its Vice-Presidents 
1911-1913, was bom 4n R-ovidence, Rhode Island, 
Dec. 24,. 1874. He attended the public schools in 
•Providenbe apd the West, and later, thft UnivM^ity of 
Kansas for;three and a half years. In 1894 he joined 
the Franklin Electric Company, of Kansas City, but 
two ye^ later he returned to the East to become 
machinist for the W. S. Hill Electric Company, of New 
Bedford, Massachusetts. Wherehewasshortlyadvanced 
“to engineer in charge. In 1899 he was cho^ super- 
mtendent of construction for the Hancock Equipment 
Company, of Bq^ton, ^f which he remained a member 
until he joined the General Electric Company later in 
^ that same yeai^ His advancement was steady; stjarting 
in the Drafting Department, he was soon made Sstistant 
' engineer of the Lighting Department; then engineer 
in charge of the Consulting Engineering Department, 
manager of the Lighting Department, and finally, 
manager of the Central Station Department, leading to 
hist ultimate appointment as consulting engineer, his 
present capacity with the company. He is also con¬ 
sulting en^neer for the RC4.,Bhotophotte Company, 
Inc., devoting his time wholly to engineering subjects. 

While with the W. S. Hill Electric Company, Mr. 
Stone did much valuable work in the design and con¬ 
struction of switchboards. Prom 1902 to 1906 he was 
designing and building power stations and substations, 
investigating the varying conditions which enter into 
this tituation—working always for improvement in 
this vitally important branch of electrical engineering, 
-At the same time, he has contributed generously to 
technical literature with representative papers before 
the National Electric Light Association, the Association 
of JEdison Illuminating Companies and other profe e- 
aonql> bodies, and with frequent discussion of other 
papers, before the Institute and various conventions of 
the engineering groups. He became an Associate of 
the Institute in 1903 and in 1912 was transferred to the 
grade of Fellow,'4 grade he himself helped to create for 
the Institiite Msnbers, working with a special commit¬ 
tee of the Institute to formulate Institute regulations 
governing this grade. 

_He is a member of the American Society of Mechani¬ 
cal Engineers^ the Society for the Promotion of Engi- * 
neenng Education, the National Electric light Asso¬ 
ciation, the Society ^f Engineers of Eastern New York, 
the Illuminating Engineers, and the Pr|mklin Institute. 

While Mr. Stone has never actually assumed the role 
of teacher, he has lectured frequently before the Engi- 
neere School of Washington, D. C., at Columbia Uni¬ 
versity and to othw sodety and college engineering 
groups. lEs social contacts have also been broad as a 
member of the Mohawk Club, the Mohawk Golf Club, 
the Edison, Schenectady Curling, the Bankers Club 


of New York, the Lotos Club, the Engirie^rs Club and 
the Electrical M^^nnfacturers Club. 

Beside his ^ork as one of its Managers, and as a 
Vice-President, Mr. Stone has served the Institute ks 
chairman of various convention committees, on, the 
Code Committee, the Finance Committee, -and in many 
other channels. His opinion has been .valued and his 
endeavor earnest and successful in behalf of the engi¬ 
neering profession. 


Reactions * . 

Between insulators \ 

The reactions betvj.een insulators built up into a ' 
string and the irregular voltage gradient along the 
assembly are well known, but thr influence of the 
distance apart of the units has only recently attracted 
attention, as the increase of extia high pressures 
apparently demands an inordipate increase in the num¬ 
ber of insulators to secure the same degree of safety. 

A study of the influence of the separation bf the 
insulatqrs in a string was recently published by ’ 
Niethammer and Nitsche, laut the practical results 
obtmned by G. Viel, mentioned in the Rmie Generak 
de I’Eleetrieite^, bbk of particular interest. Insulators of 
the Efewlett pattern 280 mm. dia. and of the ball and 
socket Continental pattern 290 mm, dia. were subjected 
to test in a laboratory at Delle where 760 kv. were 
available, giving, among others, the follomng results: 


String 

ft (T 

Details 

pressur 

i-ower 
ft In kv. 

Dry 

p'^et 

A 

7 standard insulators. 

430 

130 

B 

9 standard insulators. 


185 

0 

7 standard insulators with 5 cm. increased 




separation. 

520 

218 


/■ 


«n 


showing that by elongating string “A” of 7 insulators 
by six spaces of 5 cm. between insulator-’ to form 
string “C” the flash over pressure was ina-es' -* ’'n the „ 
dry test, 20 per cent., and in the Wet±rat,‘'7< t,»er-cent., * 
whereas, by increasing the number of insulatore by 
28 per cent and forming string “B” the 
pressures were only increased 22 and 42 per cT 
was taken to secure accurate results by ref 
tests, and it is believed that the errors cannot exceed 
6 per cent, which, considering the dass of ‘ i, 
tested, may be considered satisfactory. 

Sound practise when increasing pressureoC 
for instance from ISO to 150 kv., would seem to oc cue 
remodeling of the strings instead of adding insulators,, 
espedally as this increases the total length by only .3 
cm. v^th but slight additional outlay. The remodeling 
of the strings in the manner indicated redu^J^ Sie 
potential gradienCam)^ the first iijsulators on a strings 
aifd, as it is stated to affect equally both of the s^.'ndard 
patterns tested, will no doubt mfluence the design • of 
high tension insulators and lines.— Pow&-. 
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.• Abridgment* of. 

Oscillographs for Recording Transient 

Phenomena 

* . 1?Y W. A. MARRISONi . - 

« A.ssocl8itiO« A.« I. JB!« Si« 0 > ' 


Syifopsis.—Oadllographs which awtomatically record ampli¬ 
tude, wave form, frequency, duration, and the time of any electrical 
disturbances^for which they are*adapted as developed for recording 
transient phenomena are described. Two instTurg^ents are described 
or recording veey short or very long transients*, they may be used in 


combination. At power frequencies, satisfactory records may be 
made on films or sensitized paper with a two-wait Ihmp, The 
instruments and their performance a^e illustrated by photographs 
and oscillograms. 


O scillographs described which were re 

developed tprimarily. for recording transient ce 
phenomena of which the time of occurrence is 
neither known nor subject to control. The apparatus 
described was designed primarily for recording transient 
inductive disturbances in communication lines from ^ 
neighboring power circuits. For this two somewhat 
different t 3 ^es' of oscillograph were developed. ‘ One \ 
makes records of short duration having uniform reso- f. 
lution through<juL the other makes Jong continuous 
records, and may be arranged to record a distui'bance ^ 
gf any reasonable duration. The former instrument 
record on, a sheet of film rotating in its plane, and will ° 
be called a “floIar1)scillograph,” while the latter records 
on long strips, such as motion picture film, and will be 
called a *eontinuoTis-film oscillograph.”* 

, • PfiATUREs Common to Both Oscillographs 
^rfce both of these oscillographs were designed for 
recording the same sort of phenomena and for operating 
under ^ilar conditions, they have a numbk- of features«v,^ 
in common. The light somce is a concentrated filament 
flashlight lamp placed closer to a pinhole aperture. 
Because o^ the small size of the bulb which permits the 
filament be brought very near the aperture, no con- ^ 
^ used. The vibrator is of the moving- 

^ u^SiTTSaiJjiibM-armatfh'e type similar to a driving ele- co 
menf frequently used ip loud speakers. With this type 

it is possible to employ a mirror half an re 
. > 1 ,:' =5ameter, and still retain a satisfactory fre- 
J;/ ._..:iiif^ge and sensitivity. With such a mirror, eu 
it is practicable to use a lamp requiring only about two of 
•.N ff j3ach oscillograph is equipped with a camera for of 


relay” is used with bo.th oscillographs for operating 

certain automatic devices. * * 

* ♦ . 

‘Main Features op Polar OscaiiOGRAPH 
A polar oscillograph is shown in Fig. 2* with the* cover 
removed to show the optical system. Thurotatingman- . 
Uter is separated from the remainder of the oscillogr§.ph by 
a circular light trap which pmnits free rotation while 
shielding the film from external *Iight. The circular 
light trap used is illustrated in Fig. 3. With this 
arrangement, films may be exposed for days at a time 
under ordinary light rnnHitinna without appreciable 
foxing. 

The chief value of this oscillograph lies in its ability 

cioca 

_____fi 

nCVOLVIHO AND attfnCK' • 






Fig. 1—^Essential ELBMENTs«or Polar OsoillographI 

to record with good resolution from the very be^nifli^ 
of a transient. To accomplish this, the lamp* is lit 
continuously and a narrow shield is placed-in the light 
path of just sufidcient width to prevent light from 
reaching the film when the vibrator isuat rest. In this 
way fogging is prevented during the time when no 
current is flowing in the vibrator but a record* is made 
of any disturbance large enough to move the spot 
off tiie shield. This causes a narrow clear space to be 


ji'aphing a clock on the oscillogram ‘to indicate * where a zero line is usually obtained. The shield 


-: « . xcU time of occurrence of any disturbance re- 
tjbhwffi.'' A schematic diagram of ^he optical S37stem 
, of the recoKder and of the camera, as used in the polar 
oscillograph, is shown in Fig. 1. A high-speed ‘line 

1. .Engiueer Bell Telephone Laboratories, Ine., New York, 

. ’This instrument is also known as the 7Movie oscillograph.’ 

Prdwtied at the Regional Meeting of Middle Eastern DistHct, 
No. S, Cincinnati, Ohio, March SO-SS, 19S9. Complete copies “upon 
request. ■ • * 


may be removed from the light path when it is desired 
to record a zero line. * 

Main Features op Continuous-Film Oschlograph 
The continuous-film oscillograph is shown in Fig. 4. 
It differs from the polar oscillograph mainly in the form 
in which records are obtained. The instrument shown 
makes records on motion, picture film or sentitized 
paper ofrthe same width whi^ is advanced by means of 
a motion picture sprocket driven through gears and a 
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from a variable speed shunt motor, the outer edge of the diaphram. Due to the small 

associated gears are left running,during clearance, amj due to the smajl moment of inertia of 

^ transient may be expected, and, when a the driven member, it is rapidly accelerated to maximum 
disturbance occurs, a quick acting magnetic clutch speed. rapiaiy accelerated to maximum 

engages the film driving sh^t with the motor and the * ^ ^ 

line relay lights the^ I^mp* The whole recording Operation 

•mechanic may be pat in operation witlpn 0.02 .second, , .*'® ^ ways in-which the oscillographs 

— may be used. In one afhingementp two 

polar oscillographs anif one continuous-fiJln oscillograph 
have been used together for studying^ansients likely to 
occur at any ^ime during long continuous periods. 



Fig. 2 ^Polab Oscilbogbaph, Showing Film Rotob, Pbbi- 
SCOPE, Lamp Hottsinq, and Vibratoe 

thus insuring a good record of any but a very short 
transient. 



Fig. 4—CoNTiNtJous-FiLM Oscillograph With Covers 
Removed 


^ t* 


With a voltage higher than normal and by theiuse 
^ of the circuit shown in Fig. 5, it is possible to light the 
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Pig. 5—Circuit for Lighting Lamp Quickly ^ ^ 


Pig. 3—Scale Drawing op Rotating Light Trap 

lamp to full brilliancy within 0.01 of a second. When 
the lamp circuit is*elosed the condenser is charged 
suddenly to the applied voltage, the charging current 
passing through the filament. The resistance shunting 
the condenser has such a value that normal current 
flows through the lamp in the steady state. 

The magnetic clutch, while designed to operate 
qmcMy, accelerates the sprocket and film without 
shock. Whencurrentflowsintljeannualcoil, (s^Fig. 6)* 
a sted diaphram on the driven member is drawn against 

the circular electromagnet, fraction being obtained at 

• ^ 


Pig. 



6 Quick Acting Magnetic Clutch on Continuous.-*" 
Film Oscillograph 


The arrangement iS shown diagrammatically in Fig. 7. 
One of two polar oscillographs is connected in the circuit 
being investigated so that it is in condition to record the 
first part of any transient. A high-speed line relay 
associated with it is arranged to put the sequence 
switch in motion,» which takes care of a number of. 
operations consisting chiefly of starting the continuous- 
film oscillograph, substituting % spare polar oscillo¬ 
graph for the first after a short time interval and 
operating the camera shutters, at the proper times. 






% * 
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The polar oscDlograph. obtains a recoVd of the first A modification of the 
. part of the transientv while the continuoife-flJm oscillo- shown ifi Fig. 9 adapted 
^ph obtains a record of the^complete transient with at regular short intervali 
the dkception of th.e first few cycles. The jecord of a record or merely a re 
transient obtained with the two oscillographs used A rotating mirror swe 
together is shown in Fig. 8. The polar oscillograph oscillograph film past an 

■ Poai - I,h ^ 

n = -i r 
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A m^ification of the continuous-film oscillograph is 
shown ik Fig. 9 adapteckespedally for sampling a wave, 
at regular short intervals instead of making a continuous 
record or merely a record of unusual disturbances. 
A rotating mirror sweeps‘the light beam along the 
oscillograph film past an apertfire*4 so that the’effective 
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Fia. J —Arrangement op Oscillographs for Recording 
ANY Transient in a Lins 

Two polar oscillographs and ono^continuous^film with, control eQuipment 
and clpcks,are arranged so that a transient of any duration occurring at any 
time will be recorded with a record of the time of occurrence. 

began recording immediacy, while the other- bpgan 
about five cycles later and continued 25 or 30* cycles 
beyond the end of the polar record showing the manner 
in which the traftisient ended. • * 

Wi£h the conGhuous film type of oscillograph, a 
• large number of records can be made at one loading. 
Because of‘this, it js possible, with the use of an auto¬ 
matic sequence switch, to make the oscillograph entirely 



Fig. 8—Samplis op Records Made bt Polab and 
. Continuottb-Film Oboildograprs Used Together 

automatic in operation, causing it to record all of the 
transi«its in a circuit as they occur. Such an oscillo- 
^ph may be left permanently eonneoied into a circuit 
in which transients are expected, and at the end of any 
period the film that has been advanced into the “ex- 
.posed” magazine will have records of the magnitude, 
frequency, an4 wave form of the disturbances and'of 
the time of occurreftce of each. • . * 


Fig. .9—Schematic Drawing op Sampling Obcillogrape. 

This oscillograph re 9 ords one wave out of t number at regular Intervals, 
say one cycle ln.sixty, with considerable resolution in ordSh to record slow 
variations In wave form. 


film speed during exposures is many times the actu&l . 
filln speed, and pomits of exposure during only a^all 
part of the total time. If the distance of the rotating 
mirror from the film is 8.5 in., one cycle of the wave 
recorded will be spread over approximately one inch.of 
film. If a rotating mirror with a single facet is used, and . 
if the aperture is just^]g 0 inch wide, the actual -film 
speed should be one inch in two seconds and every one 
hundred and twentieth wave will be recorded. The 



Fig. 10—.Samples op Polab Obcillogbams 

advantage of this recording method is that good records 
of slow changes may be obtained without using a large 
amount of film. • 

j^nother method of sampling which gives a somewhat 
different kind of information may be used with a 
continuous-fiilm oscillograph with the usual optical 
Intern, The film is advanced very slowly and at 
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intervals the speed is increased by an amount sufficient 
cto show the actual ^ve form. * f.*' 

Peepoemancb 

The limitations of an os^ograph lie mostly in the 
vibrator .and, to a smallej degree, in the optical system. 
The fre^iuency characteristic of the vibrator up to 800 
cycles is quite uniform, permitting records of distur- 


t 


i tf'i: 
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25 CYCCC WAVE PROM-magneto GENERATOR!, 




. - . rnuiw iviAtortC, lU ^(.NtNATOR.. 

niM spee^ 5 'in ches p gfe' second. ' 



[y cc 

2- €0 CYCLE WAVE br'wRYtNG^AJ^f^lTUOE^ 
FILM5PECD 3 INGRES .PER SECOND. 

ij. V C| ■' 




3-interrupted 60 cyclev^ve!^^ ‘ ... 

[ secowp • 


^ 4 “ EN.yBI.OpE or .VARYING 60 CYCLE WAVE. 

FILM, 3PBCD go INCHE S PER SECOND.... 



S-ENVEbOPE OF WAVE; FILM SPEED KI/2 INCHES PER MINUTE 



-^S-flECOflO showing OPERATION OF SAMPUNG DEVICE. 




7■RECORD-MADE WITH TWO VIBRATOR ELEMENTS,. 





a-WAVE |»| 6 Q^cHe 'A.NI>. 25 CYCLE ^t 4 P 0 NENTS SUPBtfPO'sED. ; I ' 


if wound to have low impedance, it is better'suited for 
recording cufrent waves'. - The sensitivity varies ap¬ 
proximately as the square root of the impedance of the 
winding. , 

^ . ■ r . 

As noted previously the oscillographs described are 
intended for recording in a comparatively low frequency 
range. In the range^ven there haslbeen no difficulty 
in obtaining good records <nth a two candle power 
flashlight lamp. »This, of course,*ls due to the large 
size of the minpjr.on the vibrator. 

A number of field applications of oscillographs of 
boiii types have been made with satisfactory results. 
In some cases where cooperative studies were being 
made, the oscillographs have been used for recording 
transient neutral cuircnts in power systems as well as 
to record voltages induced in telephone circuits by 
power system transients. Experience with the oscillo- 
^aphs in these field installations has suggested a few 
improvements of a mechanical nature and certain 
rearrangements of parts to increase the convenience of 
operation. These changes are now being embodied in 
a new design. It is hoped that it will be possible in a 
later paper foMescribe these featured and to give the 
results of field experience more fully "Ihan can be done 
at this time. 
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Abridgment of 

SHORT-CIRCUIT TESTING ON ALABAMA 
POWER COMPANY SYSTEM 

r 

Its Procedure and Effects on Operation 

. AND 


By H. J. Scholz* 

Associate, A. I. E. E. 


C. B. HAWKINSt 

Associate, A. I. E. B. 


Pio. 11 —Samples op CoNTiNtrovs-Piiili Qscilloobamb 

banc^ having components in this range to be made with 
httie'(^tortion; This range includes the first 18 
harmonics of 60 cycles and*the first 32 harmonics of 26 
cyclra. , • • , 

. Yibrator may be wound to have any impedance 
in a wide range. If wound to have a high impedance, 
it is especially suited for hScording voltage waves; anil 


This paper sets forth the reasons for making short- 
circuit tests upon the system qf the Alabama Powe^ 
Company and describes the methods of testing.' The 
results of the early tests clearlyidemonstrated the neces¬ 
sity for making such tests and the need for ad^uate 
facilities to gather data essential to a fulf knowledge 
of the limitations of electrical equipment und^ actual 
opCTatii^ conditions. A description of the modem 
test equipment installed in the last two years, and the 
method of procedure in making tests are given. A dis¬ 
cussion of the resyilts obtained brings out the point that 
the ej^nditures for complete testing facilities have been 
fully justified and.h^ve resulted in the installation of 
better equipment, improved protection, and a higher 
grade of service to customers. 

•Electrical Enirfneer,. Southeastern EnginAiring "Co., 
Birmingham, Ala. 

tOperating Engineer, Alabama Power Co., Birmingham, Ala. 

PreserOed at fhe Regional Meeting of the Southern District of the 
A.^/. E, E., Attanta, Qa,, Oct. &9-Sl^ t9S8. Cotnplete covice' 
upon request. , 
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Vector Presentation of-Broad-Band Wave 

Filters*: 


BY R. F. MALLINA* 

Member. A. I. E. E. 


0. KNACKMUSS* 


Voii'member 


Synopsis* The function of a hroad-band wave filter of the The diagram al^o shows very plainly the relationship between a • • 
UwaMM ladder type in the attenuation ba^d, and outside the attenuor midrseries and a mid-shunt structure, and the equaUons for such 
tion hand.can be explained very simply when expressed in terms of jiUers can be derived in a very simple manner from the yemnetry o/ 
two characteristic veclfffs Za and Zb. Drawing the diagram of one vector triangle, 

these vectors,’ it becomes obvious that the angle between them is the It is hoped that this simplified prese^ation of types of filters which 
phase shift of tjjfi filter and that the natural logirithm of the ratio are so extensively used in radio, acoustical, and mechanical 
of their magnitudes is the attenuation. ^ engineering will be helpful in understanding their physical meaning. 


, 1.0 Broad-Band Filters op the Ladder Type in 

General 

UPPOSE we measure the impedance of a network 
as illustrated in Fig. i at the point 1, and obtain at 
the frequency/the value Zf = Z*. The impedance 
• Z,- we call the input impedance; Z*, the iterative 
impedance.* • • 

Then we cut off section a, measure the impedance at 
point 2, and obtain again Zi = Z^. Cutting off sections 
6 and c and always obtaining the measurement Z,- = Z* 
^ qjiows.that Fig. 1 is a network whose input impedance 

is equal to the terminating or iterative impedance. 

• •• 



FlO. i—rO-JSNBBAL AbBANGEHENT OF AN ItEBATITE StBUCTOBE 

A structure of this type is callled an iterative structure. 
The broad-band wave filter of the ladder type is a 
special case of an iterative structure, and it is this type 
•• of filter with wMch tl\is paper deals. 

As mli be seen later, it is necessary that with a change 
of frequency, the terminating impedance Z*, must be 
vari^ in ^certain mannOT, so that at all times the input 
•impedance h is equal to Zj.* 

A broad-band wave filter structure will allow current 
to pass in a certain frequency band without attenuation, 

* *Of the Victor Talking Machine Co., Camden, N. J. 

1. So far as possible the same symbols will be employed in 
thi8\ia>per al are used in K. S. Johnson’s “Transmission C^uits 
for Telephonic Communication.” (A complete list of symbols 
. appears in Appendix A, not included in Abridgment.) 

. 2. In practise, of course, there is %o such terminating impe- 
. dance having the correct value at every frequency. However, it 
is possible to change certain elements of the network and obtain 
a close approximation to filter condfjiions. 

.- Presented at the Wintgr Convention of the if. I, E. E., New York, 
N.Y.,Jan.g8-Feb.l,19S9. Complete copies upon request. * 


whereas outside^ this band the «eurrept is attenuated 
considerably. 

This fact accounts for the name, filter*.. 

J.1 Two Characteristic Types of Filler Sections, The* 
following two types of filter sections will make Z{ equal • 
to Zj,. The one is called a “mid-series section” (Eig. 2), 
and the other a “mid-shunt section” (Fig. 3.) The 
mid-series section Fig. 2 is also called a T section and the 
mid-shunt section Fig. 3 a tt section. There are other 
special types of filter sections which, however, will not • 
be considered in this papir. 

2.0 The Mid-Sbbibs Filter Section 
2.1 Inpvi Impedance. That the input impedance 
Z< of a mid-series filter section (Fig. 4) can be made 
equal to the terminating impedance Z*tis shown in 
the impedance diagram. Pig. 6. ., 

For the purpose of our ^rst illustration, let us choo^ 
conditions so that Za is a pure resistance. 

Adding to the terminating impedance Za the series 

MID-SERIES SECTION MID-SHUNT SECTION ' 



Fici. 2 Pig. 3 

Figs. 2 & 3—^Two Chabaotebistio Types of Pii.teb*Beotionb 


impedance X i/2 the vector Z* (Figs. 4 and 5) is obtained. 
The sum of the redprocal of Zo and the vector l/Xj 
gives us the vector 1/Zb whose redproq^l is then Zb. 
Adding Xi/2 to Zb we find that t^e resulting vector Z< 
is equal to Za. In other words, having given Za and Xi 
we choose Xs tp have a value such tW Z< = Za. Tbe 
sequence of these operations is indicated in Fig. 6a. 

Expresse d in vector mathematics we have? 

3. The symbol I ZI iudicatM magnitude of Tke symbol Z 
without the bais represents ji vector 'having magnitude and 
direction. 
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, X, 
it +-^ =Za 


Joximirf A. I. E. E. 

2 


-i- 


|1|> 

7 . I 




-i(-/3/2) _ 


I2„ 


X, X, = [e, i- [z*- 
W2 it ^ yl X,X, + 


the reciprocal 1/Za is a vector with angle 
1 b ’ 1 


/ e \ 





(5) 


f. 


1 

Z, 


In Pig. 5, vector X, and vectorl/Z* have the +j 
direction; suclj^a.structure is called a low-pass filter. 


• I,- X, ■ 


••• I 2.- = 2* 


_ •• ( 1 ) 

^hese vector operations may be repeated for evew 
filter Section (Fig. l) and the diagram (Fig. 5) will 
always remain the «ame. Therefore we may say in 

r Dl>*ect ten of nrasu^m ^n* 

^ f -, 





SEaucNce 

OF VECTOR 

Cperatioms 


Fig. 5 Vbctor Diagram of a Mid-Sebibs FilpbJr Sb&tion 

(T- It. 


« Pia. 4—CiBCTJiT OP Mid^bbibs Filtbb Section 

g^eral terms that the input impedance Z| is equal to 
;the iterative impedance Z* and this in turn is equal to 
thert^inating impedance Z* (Pig. 1 at points 1, 2, 
3, and 4). 

2.8 It^dtive Impedance It is clear from the 
diapam in Pig. 6 that tiie vector 1/2 Xi must be of 
su^ a value that the vector is in line with the vector 
l/Zt. If this is not ^e case, the input impedance is 
not ^ual to the terminating impedance and the struc- 
toe is not the iterative structure described in paragraph 

Prom the vector geometry of Fig. 5 we obtain: 



Z, 

2 


2Xi 

• Xj = Za Zb 




1 

Zb 


Za — Zi -f- 


X, 



( 2 ) 

(3) 

(4) 


Substituting (3) and (4) in (2) 


Pia. 0 —iTHBATiva Mid-Sebibs Impedance op One Tf pb op 
Band-Pass Pi^iTbr 

HoweveTj Equation (5) may also be obtained when Xi . 
^d l/Za have the - j direction. This structure is a ’ 
high-pass filter. 

^ In Equation (5) the reactances Xx and Z* are func-, 
tions of frequency. ' 

Taking the special case of a band-pass filter (Fig. 
38 a) we may plot Equation (5) and obtain a curve as 
Illustrated in Pig. 6. • ^ 

It appears from the*" figure that Z* takes the value ' 
zero at two points on the frequency scale, oiie at /i 
and one at S%. They are called the cut off frequencies. 
As will be seen later, between these cut-off points the cur- 
re^ passes through the structure vnthout attenuation, ' 
whereas it is considerably attenuated outside tiie fre¬ 
quency cut-off points. ' . 
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■2.S IteraMve Impedance in Vector Diagram. How 
the impedance Et is changed from a resistance into a 
r^ctance at the points ,fi hnd /j may bedllustrated by 
using the vector diagram of Mg. 5 and varying the value 
, of the impedance vectors X* and l/X^ from zero to 
infinity. ’ * ' * 

Let us start with a frequency at which the angle p is 


F%m Kg. 7 we-can see that Xj is the difference be¬ 
tween the vectors Z* and Zj or 

Za-^, = Xr .■ • (8X 

also . 

z. - 2.1- (3) 


! \r 


■ r > 

I 


I Zk»0 


. Z,. = 2,--^ ■ ; (4) 

These equations are al^ frue for /3/2 = 90 deg. 
Then E* is zero or a pure reactance and we obtain a 
condition.as shown in Kg. 9. ^ 

Kg. 10 represents Equations (8), (3) and (4) when 
^=U 

• If we let Xi/2 and 1 / 2 X 2 if! Ks*5 increase until 
= 180 deg. and E* = 0, we obtain a vector (fiagram 

as shown in Kg. 11. Prom Kg. 5 it ‘is obvipus that , 
assumiiig the angle /3 to be 180 deg.: 

• ^ * *■ * 

2 - ■^o ' (9) 


Pig. 7 


Pig. 8 


Pig. 7—^Po^ition of the Chabacthbistio Vbctobs E<, and Zt, 
• IN* THE Pbbqvbnot Band 

Pig. 8—^Position op the Chabactbbistio Vsotobs Zq and Zb 

*M THE ^IfpEB CuT^OT*PKHQtnDNCT /> 

the«angle enclosed b^ Z® and Zb in the band-pass filter 
. diagram of Kg. 7. 

By vai^ng the frequency up and down (Equations 
(3) and (4)), the vector Za describes the dot-and-dash 
line, the vector Zj the dash-line. 

The arrows A and B indica^ the directions in which 
the vectors Za and Zb move when the frequency is 
increased. 

If.we increase the. frequency, we get one limit for 
Ik as pure resistance when = 180 deg. (Kg. 8). 

TJien * 

• ■ Za = — Zb = ( 6 ) 

or in other words, Z„ arid Zb are equal in magnitude but 
Tfave opposite directions. E* = 0 in this case, as is 
obvious from Kg. 8. 

If we decrease the frequency we ^et the other limit 
for Eft as pure resistance. 

* Then ' 

. ' (7) 

• Resistance and Reactcmce Limits of In. Xhe 

question is now, what happens to E» when we have 
increased or deci<eas€d the frequency beyond these 
limits. . 



j 3^<-4..„..(U) 







Pig. 9 Pio. io 

Pigs. 9 & 10— ^Position of the Chabaotebsitio VEoroBsPa 
AND Zb OVTBIDB THE PbEQUENOT BaND 

If we let Xi in Kgs. 5 and 7 decrease until f = 0, 
it is clear tiiat » 
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MALlInA and ]^NAGE!MUSI^: BROAD BAND-WAVE FILTERS 
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In this way, we may say that assuming the voters 
Xi and X 2 the vector Z»must'be a pure resistance when 
Xi/Xi is smaller than zero and greater then — 4l^g. 7) 

(“) 

• Outside llie hand Z* is a pme reactance. * 

Equations (11) and (14) determine the cut off points 
/i and/s. 



Fio. 11 —Position op thn Vbctoes Z«and 1/Z«atthhUppdb 
Cijr-OpF Peboubnct /» 

Z-5 Currevi Relations. So far, we have considered 
impedance relations of the network only. It will be 
interesting now to see how th^iurrent passes ihrough 
a mid-series filter and what the phase shift and attenua¬ 
tion are at various frequencies. 

Dire ction of nfwaauriw cut 


if- 

The index A is called the attenuation constat and is 
the natural lo^^thm of the ratio of the current magni¬ 
tude entering the section = to 'the current magmtude 
leaving it. ^ 

2.6 Phcifie Shift /3. Since in the drcuit^Fig. 12, the 
current phase shift is equal to the angle between the 
current h entering the section and the emrent Is leav¬ 
ing it, and since by (17^ ^ -r 

^ " r . 

it is obvious that the angle 6 in Pig. 7 is thfe phase angle 
of the fflter (Appendh>B of the complete paper). 

In Pig. 10, Za and Zi, have the same direction, 

/3 = 0, and Xi/Xi > 0. « 

In Pig. 9, Z a and Zb hav6 opposite directions 6 — 180 
deg. and X 1 /X 2 < — 4. 

In Pig. 7 the phase angle changes with Z*. 

blWA _ 


J3‘0 /9««0* 


f. “ 




p—o,» 
X 


! 


. --1-f-1 

PiQ. 1^*—ClBOlTIT OF A MiihSeRIBS FiLTEB SECTION INDICATING 
^ OUBBENT EnTEBINO AND LEAVING.' THE SECTION 

From Fig. 12 we see that the voltage across Zh is 
equal to the voltage across Za 


^ •. IlZh — I^Za 


II Za 

h " Zb 

(17) 

. . \It\ l^-l 

. ’Wh\ - |Z»| 

(18) 

This equation may be eapressed in 
form and we obtain 

&e exponential 

II 2 I - ‘ " iz^i 

(19) 

1 1 
r' 

(20) 

f» 

a 

^ ■ P. 

■ - ■ % 

^ r ' 

f* 




Pig. 13—^Attenuation and Phase Shift of One Typ^ of* 
Band-Pass Filter 

In general we may say that p is the angle between. 
ZaandZh. 

Iff = • (21) 

Pig. 13 shows that the phase shift changes very 
abruptly near the cut off points. 

2.7 Attenuaiion A. The attenuation in drctiit'Pig. 
12 is 2 eto when the magnitude of. the current vector Ji 
is equal to the magnitude of tiie current vector la- 
This is the case in Figs. 7 and 8. ^ 

By Equation (19) ■ 

llll . I^ai 


Letting I Za I = I I (Pigs. 8 and 7). , ' r 

then A = 0 

In Pigs. 9 and 10, Za and Zb are. different in magnitude 
and there will be attenuation of the current. 


.-.A = 
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Assuming th8 special case of a band-pass filter (Fig. 
38a) and plotting Eqxiation (20) in terms of frequency, 
wi§ obtain a curve which, -changes very abruptly 
near the cut-off point and which indicates that 
there is no attenuation in* the frequency band 
between'the* cut'off points /i and fi or between 
Xi/Xi = 0, and Xi/Xt .= — 4 (Fig. 13). Here is 
presented the basis of the statement made in paragraph 


• * 

1.0 for definition- of a broad-band iterative filter. 

I'he attenuation A = l-n\ Za/Zt | and the phase 
shift / Zg -f. \Zi fan be readilj^ expressed in^ 
functions of Xj and Zs. (See Appendix C of the com-* 
plete paper.) 

The same method whish was used to determine 
attenuation and phase shift, far a mid series filter 
section may be» applied to a mid sliunt filter section. 


Transient Analysis of A-G. Machinery 

• * . BY YU H. KU* 

, Associate. A. 1. E. E. . * . 

Synopsis.—This paper shows how the Heaviside operational values of the transient currents have been plotted for a number of 
methods may be applied to determine the transient currents that are cases. There is oho a table giving the names' of the'pnndpal • 
produe^ in synchronous and induction machines by some sudden investigators who have written on this subject, and the method^of 
alteration of their edectric circuits. The observed and computed applysis that they have employed. * 


D uring the last is or 20 years, the problem of 
calculating the transient cuiraits in a-c. 
•madiinery»has become increasingly important. 
^ hjiany ;iotable papers on this subject have appeared in 
technical literature both in this country and abroad. 

In the analysis* of these transient problems it is 
necessary to. make some assumptions, either in regard 
to the nattffe of liie phenomena or in regard to the 
chasaoteristics of the fundamental physical quantities 
involved. The earlier authors, such as Steinmetz 
.and Boucherot, followed the first method, while.the 
later authors with few exceptions have followed the 
second 'method. The important ph 3 ^ical quantities 
involved are the resistances mid inductances of the 
stator and rotor windings, and the characteristics of 
the magnetic circuit that enter into the determination 
of tiie eddy-current and hysteresis losses. It has been 
"custoniary to* assuma that the resistances and self¬ 
inductances of the stator and rotor windings are con¬ 
stant and that the muttial inductance between any two 
windings varies with the cosine of their relative angular 
Hisplacemmit. These assumptions in regard to the 
inductances are practically equivalent to assuming that 
the air-gap is uniform and the flux in it, sinusoidally 
(Jtetributed. Whenever eddy currents have been con¬ 
sidered, they have been assumed to exist in an electric 
circmt of constant resistance and self-inductance. 

^ It seems appropriate to present at this time a brief 
simimary of the technical litersPture by the principal 
investigators of these transient problans, indicating 
the type of solution and the essential features of the 
method they have employed: Thase authors who 

‘NationaJL University of Chekiang, Hanohow, China. Formerly 
at the Massachusetts Instijjnte of Technology, Cambridge, Mass. 

- Presented at the Winder Convention of the A. I. E. E., New York, 
N‘. Y.,Jan. S8-F^. t t9B9. Complete copies upon regymt. 


adopted the foregoing or other reasonable assumptions 
in regard to the characteristics of the fundamental 
physical quantities, and those who have carried, out * 
the mathematical analf® with rigor, are said to have 
given an exact solution. All other solutions are classed 
as approximate. Thus, all cases where the resistances <■ 
have been neglected or have been taken only partially 
into account,—as, for example, in determining values for 
the damping coeffidents,—^have been classed as approxi¬ 
mate even though such soljitions may have constitute^' 
very important and valuable contributions to tins 
subject. ' . • 

These transient problems are readily grouped in • 
three general classes. In the first, the circuits on eSch 
side of the air-gap are symmetrical; in the second,*t£e 
circuits on one side of tihe gap only are symmetrical, and . 
in the third, the circuits on neither side of the gap are 
symmetrical. Exact solutions for problems in*the first* 
two classes can be obtained by operational methods, 
but those in the third dass do not rqqdily lend them¬ 
selves to mathematical treatment, except in one special 
case. 

In the accompanying table is given the summary of 
the methods employed by the prindpal investigators. 

• Aftffl- the present investigation had been completed, 
the Heaviside operational solution by.Bekkui was 
brought to the writer’s attention.* Bekku considered 
only the case of an alternator with S3ntnmetrical exdta- 
tion, and so, in tins slight respect, his solution differs from 
that presented by the author. In addition, the author 
believes tiiat such a powerful method deserves to be 
more widely known tiian would be posable from 
Bekku's publication in a fofeign journal. 

"T- w 

1, S, Bekku, “Suddeu Short Circuit of an Alternator,^* 
Researches of the Mectrotechnical Laboratory^ No, 203, June 1927, 
Tokyo, Japan. 
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The following assumptions that/have been tnade 
conform with the general 'practise: Mrst it will be 
assumed that^the stator windings are symji&etrical 
'and that the rotor is turning at constant speed; second, 
itVill be assumed that the resistances and self-induc¬ 
tances of the windings are constant and that the mutual 
inductance between aayr.two windings is proportional 
to the cosin.e of th&ir relative angular displacement. 
Thus the effect of frequency upon resistance, the effect 

^ABLB I 



of saturatiqn upon inductance, and the effect of har¬ 
monics in the distribution of the air-gap flux density are 
fiegleeted. It should be observed that these assump- 
<tions in ‘i’egard to the inductances cannot be realized 
except when the machine has a cylindrical rotor. It 
must also be not^ particularly that the solution as here 
presented does riot apply unless the circuits on at least 
one side- of the air-gap are S3nnmetrical. For example, 
the method does not apply to tiie sudden single-phase 
short circuit of an alternator with the usual tjrpe of 
field excitation. 

Briefly, this solution consists in applsnng filrst the 
Stokvis-Portescue i^ethod of ssrmmetrical phase com¬ 
ponents to reduce the polyphase relations to equivalent 
single-phase relations; second, an opecational metbod, 
by which the equations that apply to the stator and 
rotor circuits and that recognize their relative angular 
velocity are transformed so that they become similar to 
tiie equations tiiat apply to drcuits which have no 
relative rotation; third, the Heaviside operational 
method, including the principle of superposition as 
applied to static circuits, employed to determine the 
int^ation constants in thq;tolution. *■ 


The Operational Method 

With the foregoing assumptions relative to the 
character of'‘the resistance and inductances, super¬ 
position of currents is p^sible and the principle under¬ 
lying Th4venin’s* theorem can be used ii^ determining 
the cmrents which flow when the terminals are sud¬ 
denly short-circuited. Thus, the current in any phase 
after the short circuit occurs can be considered ps the 
sum of two componenfis: first, that current which would 
ejdst if no disturbance occurred; a»d second, the addi¬ 
tional current that would be produced by suddenly 
applying to the tCTminals an altemating«e. m. f. equal 
and opposite to the potential existing there before the 
short circuit. . 

The operational equatioi^s for the alternator’s re¬ 
sponse to the suddenly applied terminal e. m. fs. 
can be written as follows, reference being made to 
Fig. 1: 

{Ri + Li p) ia + Mp [ij.cos nt] = »«1 
{JRi -t- Li p) ih + Mp cos^^w t- J = ft 1 


(ie* 



(1) 

= Pfcl 

(2) 

= 0,1 

(3) 

'2 

TT >; 


-I- % cos ^ n«- J =^0 


(4) 


Where 

.i2i = resistance of stator, per phase. 

Ri = resistance of field. 

Li = synchronous self-inductance of stator, per 
phase. It is tiie self-inductance of one 



•zt 


Pia. 1 —Connection for Sudden Applioation ofi* E* M* Ps. 
TO Alternator Terminals 

stator phase, plus the mutual effect of 
each of the other stator phases. 

L% = seH-indjictance of field. ' 

M = maximum value of the mutual inductance 
between»one phase of the stator and the' 
field winding. 

itt, ii, ie = instantaneous values of stator currents in 
phaj^ a, &, and e. 

, ii = instantaneous value of field current. . 

2. L. Th4venin, “Sur im Nouveau Th4or4me D’Bleotrioit6 
Dynamique,” Comptes Rendus, Vol. 97,* 1883, pp. 159-161. While 
tl^Tiheorem was written for the steady state^ts extension to t.kn 
transient ca^e can be readily made. • ' 
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Vi, Vc - inetanta^eous values of the stator terminal By me^iis of th^ Slokvis-Fortescue scheme* of sym- 
. potentials mpha^o, 6, an^c. metrical component analysis the phase currents and 

n - relatave angidOT velocity betv^een windings voltage® can be replaced by their positive- and nega- 
of stator and field. tiye-seqTience components, and the same can be done* 

• ,, .. * . , ^th the induced e. m. fs. due to the mutual induction. 

^ differential operator. When (1), (2), and (4) ar§ rewritten to include these 

.. ^ . various relationships, they becoipe 

1 — umttimction. ' In operational calculus nota- r?? j_ r a* j. \ /■., i <• / ■ \ 

tion* this meat, a (jBie tocdon wUch to ^ ^ ‘ V ® 

. discordinuous at« = 0, being zero before ®) + (e+ a^+e. a) = (»+ o*+i>_ a) 1 

. ahd umty thereafter. • • • (6) 

g 

(Ri + Li p) is + 2 M p (i+ €^■'”‘^ 4 - i. = 0 ( 7 ) 

• i—“ ♦ 4 r ^ 

where o and o* are e and / respectively. Solv¬ 
ing (5) and (6)* simultaneously for »+ Siid Vt., ahd 
inserting the exponential forms for e+ and e., these two 
equations reduce to 


ip 9 ^ 

nnniiB 
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(i?i 4“ 'Ll p) + 


^ v+1 


0.005 o:oio 0.015 n.020 0.025 0.030 • 

Time in Seconds 

Fig. 2—Polyphase Short Circuit op Alternator at No-Load 
C tTR?lENT Transient in PhasS X 

The full lines represent oscUlograph records and the dotted "‘Unes 'the 
calculated values 
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Pig. 3 Field Current Transient Corresponding to Case 
OP Fig. 2« 

The full lines represent oscillograph records and the dotted lines the 
calculated values 
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Fig, 5—^Fibld Current Transient Corresponding to Case 
OP Fig. 4 

The full lines represent oscillograph records and the dotted lines the 
calculated values • 
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^IG. 4—Polyphase Short Circuit op Alternator Having 
XJnity Power Factor Load. Current Transient in Phase a 


OOIO 0.015 a020 a025 _ 

Time in Seconds 

Fig. 6—^Polyphase Short Circuit op Alternator Having 
Lagging Power-factor Load. Current TRTAirsiBNT in Phase a 

The full lines represent oscillograph records and the dotted lines the 
calculated values * * 


(Ri -I- Li p) *_ + V H = »- 1. 


Th^full lineg represent oscillograph records and the dotted lines the 
calculated values ^ 

. Ji the stator potentials are balanced, the e. m. fs. 
which are applied to the terminals will also be balanced, 
• so that the sum of their instantaneous values is zero. 
With no neutral connection, tiie sum of the instan¬ 
taneous values of stator currents #11 also be zero; 
consequently (3) is obtainable from (1) and (2) afid 
need not be considwed. further, and (4) can be reduced 
■ to. an equation in ij'and the two phase currents ia and n. 


If (8) is multiplied by and (9) *by and 
these exponentials in every case are*shifted to the right 

3. L. G. Stokvk, *‘Sur la Cr^tion des Harmoniques 3 Hfl.ng 
les Altemateurs par Suite du D^sdquilibrage des Phases,” 
Compies Rendua, 159, 1914, pp. 46-49. L. G. Stokvis “Analysis 
of Unabalanced Three-Phase Systems, Electrical World, 65,1915, 
pp. 1111-15. R. E. Gilman and C. L. Fortescue, Single^phase 
Power Service from Central Stations, A. I. E. E. Trans., Vol. 
XSCXV, 1916, pp. 1329-1347. C. L. Fortescue, Method of Symr 
metrical Coordinates Applied to the Solution of Polyphase Net¬ 
works, A. I. E. E. Trans., Vol. XXXVII, 1918, pp. 1027-1115. 
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of the terms containing p by means.%f the operational 
shifting transformation/ there is obtained 

• * • M • •* 

[22j;+Li<p+y»)] i+ €-^ +—(p+jn)ii=v+ 1 (10) 


0 


solution reduces to the conventional'" operational 
problem of interpreting the result of an operator applied 
to the unit function. A conveiiient way of TnaVin^ this 
interpretation in this case is by means of the Heaviside 
expansion theorem.* The results of this evaluation 
are explidtf time functions for each of the thiee variables. 

The rotational features can be returned to the 
problem by solving the explicit expression for 4, and 
These two,'along with (7), form a set of linear equations J whereupon the fust two can be combined in proper 

relation to determine the phase cujrents ia, in and 
Some results of'using this method of calculating the 
transients of *'33mehronous and induction machines 
following ^metrical disturbances are “given in the. 
accompan 3 dng figures'. In each case, comparison is 


+“^(7>+yw)4=»+ €- 

* M 

[Ri+Li^p-jn)]i. 1 (H) 
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^IBLD CURRBNT TbANSIBNT CoBRBSPONDING TO 'CaSB 
• / OF Fig. 6 

Thfl fuU lines represent oscillograph records and the dott^ lines the 
caleulated values * 
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TP'ig. 8-a, b, 0—^Polyphase Short Circuit of an Induction 
Motor. Stator Currbntb 

The full [lines repr^pent oscillograph records and the dotted lines the 
calculated vtdues 


Time in Seconds 

B 

Fig. 9-a, b —Sudden Voltage Reduction ^t Induction-« 
Motor Terminals. Stator Currents .* “ ‘ 

The full lines represent oscillograph re^iords and the dotted lines the 
cedculated values 


given between calculated curves and oscillograph' 
records. The agreement between computed and ob- 


in the -fables 4 i. and is which can be 

solved simultaneously to obtain expressions for ^cb. uctwccu cuuipui^ 

Thus by a conveniait dioice of variables, the alternator served values is seen to be quite satisfactory. 

equations written with a variable mutual inductance to * Acknowledgment 
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. . The .Condenser. Motor 

BY BENJAMIN F. BAILEY* * * ^ ‘ 

^ * Fellow, A. I. E. E. 

• ♦ 

Synopsis*—Afier a brief description of the construction and Locus diagrams illustrating the oj>erating performance in detail 
connections of the ^ndenser motor ^ the necessity of varying the are given ^followed by a more detailed discussion of starting torque, 
capadfance is discussed and the perfo^gnance at start and under The Appendix gives the mathematical derivation 'of m^ny of the 
load considered, formulas discussed. 


T he connections of a single-phase condenser motor 
are shown in Fig. 1. The motor itself is identical 
with a two-phase induction motor with the ex¬ 
ception of the fact that th® two windings are not neces¬ 
sarily alike. Winding 2 may have more or less turns 
than winding 1. The total weight of copper in the two, 
however, is approximately the same. The rotor is 
identifal with that of any polyphase motor. It 




Fia. 1 —Simple Condensbk Motok 

m, 

usually is* of squiirel-cage tsrpe, ^though a wound 
rotor may of course be used. 

To obtaip the best results, the capacitance should be 
large when the motor is being started and should be 
gradually reduced as the speed is increased. In prac¬ 
tise, a fixed value of capacitance may be satisfactory. 




JiAA M Mt J" ■ I — 

1 / 


Fig., ^2^Con1)bnsbr Motor, Bbvbrsiblb and with Variable 
Capacitance 

« 

providing,a starting torque of about 50 per cent of full- 
■ load running torque is sufficient. If more starting 
torque Is necessary, the motor may be connected as 
shown in Fig. 2. The switch Si is closed when the 
’motor is at rest and is opened (usually automatically). 
when the speed is sufficiently high. Fig. 2 also il¬ 
lustrates ^ method by which the (Jjcrection of rotation 
of the motor may be reversed by throwing the switch 
Si to the right or left. • 

Instead of using two condensers, it is possible, to 
supply the condensers through a variable ratio trans- 

1. Professor of EleelxioalEiiigm^tmgiXjbiywBity of Michigaa, 
Ann Arbor, Mioh. ’ • 

Presented at (he Winter Convention of the A. I. E. E., New York, 
N. Y., Jan. S8-Feb. X, i9S9. Complete copies upon request. 


former ^ shown in Fig. 8. By applying a high voltage 
to the condenser at start a;jd % smaller voltage for 
running, the same effect is produced as though the 
capacitance was changed. With this scheme, thd 
efficiency will necessarily be a little lowec due to the 
losses in the transformer. 

The vector diagram of a condenser motor is shown in , 
Fig. 4. This was plotted from an actual test of. a 
small motor under full load. In this case, the motor * 
was a standard two-phase motor. 

As usual, the current h in phase 1 lags, by a con- 



Pia. 3 —Condenser Motoh with Variable Transformer 

<« 

siderable angle behind the line voltage E. Due to the 
introduction of the condenser, the current h in phase 2 
may be made to lead flie line voltage. When the 
proper capacitance is used, the two currents are ap¬ 
proximately at right angles to one another and if thq^ 
two windings are alike, are nearly equal. Under these 



Pig. 4—^Vector Diagram of Condenser Motor. (Pull Load) 

conditions, the motor will operate just as’though it were 
a two-phase motor and of coixrse with the same 
efficiency. , 

From the above it will be apparent that we can build 
a single-phase motor having at full load practically 
the same efficiency as a two-phase motor and operating 
at or near 100 per cent pqwer factor. It is sdf-evident 
j:hat itswcharacteristics will be much better than those 
of a single-phase motor of the usual construction which 
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necessarily operates at a lower efficiency and power 
factor than a tiyo-phase motor.^ 

In the starting performance, the condenser motor is 
somewhat superior to the two-phase motor. Since one 
current leads and the other lags, the combined starting 
current is the vector sum of the two and is less than 
• their arithmetical sui&. For the same reason, the power 
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Fig. 7—Locus Diagram op Condbnsbjr Motor. .Winding 
Ratio 1 oST? 

factor is exceUent and is usually close to 100 per cent. 
The motor will develop even more torque than a two- 
phase motor “had the current required is substantially 
l§ss; in fact, the torque per ^pere is nearly double that 
of a two-phase motor. - 
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Fig. 8—Locto Dugram of Conbbnbbb Motoj. Winding 
Ratio 2 to 1 

Locus Diagrams 

^ The action "of the motor under varsdng loads is shown 
in the locus diagram of Fig. 7. The curve marked 
1 1 .represents the locus of the vector h as the load 
is changed. The small circles represent the positions 
of the end of the vectors corresponding to no-load, 
full load, and SOper cent overload. ‘ Similarly, the short' 

• / " * 


curves marked E 2 and I 2 represent the lod of the 
vectors representing the voltage across phase 2 and the 
current in phase 2. The^curve marked I is the locus of 
the line cuwent. In this particular case^ the current 
was leading at light load, in phase with the voltage at a 
little over full load, and sUghtly lagging for 50 per cent 
over load. The power factor throughout this raj^e of 
load was very close to 100 per cent. 

Fig. 8 shows a Igcus diagram for^he same motor but 
connected so that phase 2 has twice as maify turns as 
phase 1. The'’voltage across phase ST. is of course 
nearly twice as great as before. The condenser voltage ' 
obtained by drawing a’ line from any point on the curve 
Ei to the end of the vector JI& is more nearly at right 
angles to E than before. .Since the current I 2 must be 
at right angles to the condenser voltage, it is brought 
more nearly into phase with E. Since the capacitance 
used was such as to give nearly 100 per cent power factor 
to the. motor as a whole, it follows that the current h 
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FRACTION OF FUU tOAO TORQUE 

Pig. 9 Torqobs and Cctrrjpjnts in the Diffbribnt Windings 
OP Condenser Motor 

was forced to be more nearly in phase with the line 
voltage. The vector sum of the two-i^ represented 
by the current I (the line current), and this is at nearly 
100 per cent, power factor throughout the range of-the 
motor. . 

The advantage of having more turns in winding 2 
than in winding 1 is that a higher voltage is applied to 
the condenser, and consequently, the capacitance can 
• be greatly reduced; in fact the condenser used in making'" 
the tests represented in Fig. 8 was approximately one- 
half as large as that used in the tests of #ig. 7." It 
will of course be apparent that since the two currents 
Ji and 1 2 are no longer at right angles the motor is 
not operating so efficiently. In fact, the conditions 
approach those of the ordinary single-phase motor, 
^nce the current if. and J 2 do not differ very greatly in 
pha^. The power factor is still'excellent, but the’ 
efficiency of the motor is somewhat reduced. 

Fig. 9 has been plotted from the same data used in 
Figs." 4 to 8, and shows the variation, of, the various 
currents with the torque. Similarly,'F1g, 10 shows the 
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variation of the P R losses in the different windings. 
• Comparison pp Watts 
In Fig. 11 the total watt iqput to the motor, and 
• also tRe wattsjil each of the windings, have be^n plotted. 
The watts in the auxiliary winding are nearly the same 
with either connection, and decrease only slightly as 
the lo^d increase*. The watts in the main winding 
are in both cases negative with ligfit loads and of course 
increase as the Ioa(^ increases. The total power re- 





quired with the two to one connection is greater than 
with the <jne to one connection on account of the 
reduced^efficTency. 

, * Effect op Changing Capacitance 
It will be evident from the preceding discussion 
that the Characteristics of a motor will be radically 
modified by any change in capacitance. The results of 
a test upon the same motor, previously referred to, 
have been embodied in Fig. l2, which shows the cur- 



• Pia. 11 —^Torques and Watts n^CoNDBNSBR Motor 

• rents plotted in their proper phase relation, the output 
being held constant while the capacitance was varied. 

.• It will be noted in Ijoth of these curv& that the power 
component of the current,—that is, the projection of tlfe 
current upon the voltage axis,—is less with the current 
somewhat lagging than it is with 100 per cent power 

factor. At full load the minimum power input, aijd 

• • 


consequently the highest efficiency, is obtained with a 
capacitance of about five microfarads, and at half load 
with about three microfwads. The lowered efficiency, * 
as previously explained, is due to the fact that tHe 
current does not divide bej^een the two windings in 
the best ratio. In general, tlyerefore, the. capacitance 
which gives the^best power factor^vill not necessarily. • 
be that which gives the highest efficiency. •Partic¬ 
ularly in the case of motors with a large number of 
turns in winding 2 compared with winding 1, it will be 
necessary to use a capacitance giving a somewhat 
lagging current if the best efficiency is to be obtained. 
With a one* to one ratio, the poJnts of best power factor • 
and best efficiency will usually come more nearly* 
together. ■ . ^ 

Starting Torque * 

As shqwri in the appendix the starting torque is 
given by 'the equation 

• T = Q NiNshltsma. 

The maximum current will exist in circuit 2 when the 
circuit is in resonance but under these circumstances 
the angle between the two currents will be imfavorable 



Pia. 12— Locus Diagram op Condenser Motor. Variable . 
Capacitance and Constant Output. Winding Ratio 2 to I 

and consequently the greatest possible* torque will not 
be developed. 

It is shown in the Appendix (in the complete paper) 
that the maximum starting torque is obtained when 

in which Zi is the impedance of circuft 1, C is the capaci¬ 
tance of the eon(J(Bnser in farads, and co = 2 tt/. K’ is 
the ratio of turns in winding 2 to the turns in winding 1. 

The negative sign indicates that the resictance X 3 is 
due to a condenser and not to a reactor. If we should 
use a reactor of the same value it would give us another 
bijit much^smaller maximum value of torque. In the 
following the negative sign will be ignored when we 
are dealing with capacitance only. If the two windings 
are fonned with coils of the same dimensions and if 
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they contain the same weight of wire, the resistances, 
inductances, and impedances will all be in the*ratio of 
K being tHe ratio of the tid'ns in winding Sf to those 
in-winding 1. 

In the above formula, th§n, Zx is the impedance of 
winding.2, and for njai^um torque this impedance 
should ;be ^ual ttf the reactance of, the condenser. 
On the'Other hand the condition for resonance would 
be that the reactance of winding 2 should equal the 
reactance of the condenser. 

It is shown in the Appendix, that the locked torque 
is given by the following equation, 

g * RxCo) 

^ Zi* ‘ K* Zi* C* w* - 2 g* Xi C w + 1 

• * 

in which Sie symbols have the same signific^ce as 

before.' ' 

• • 

Usinfe the capacitance to give maximum torque; 
1 

namely, G — z o)* obtain the following for fhe 

maximum torque vuth any given ratio of turns: 

m _ 1 Zi + g, 

2gZi* '\“Zx-gx 

Relation op Torque and Volt-Amperes in the 
Condenser 

As shown in the appendix, the equation for torque 
may be written as follows: 


■L — rr t, EJcJ-c — rr a • ^2 


Zi* 


Zi* 


In othCT words, the torque is directly proportional to 
the product of tbe volts across the condenser and the 
current flowing in it. , 

' If we insert the values of the constants of this par¬ 
ticular motor, we obtain the equation 


' •' r = 0.116gg.Is 

♦ 

• The test results on this motor have been plotted with 
reasonably good correspondence between them and the 
calculated results. 

The variation of the voltage across the condenser 
as we change the capacitance is also shown in the curves 
of Fig. 13. The voltage for any ratio between the 
turns is the same as the line voltage for C = 0, rises 
rapidly as C is increased up to the point of resonance; 
and tiien decreases. As we should Kq)ect from the 
theory the maxitcum torque is found with a value 
of C somewhat greater than that which gives resonance. 

However, the condenser voltage at'maximum torque 
is usually decidedly above line voltage. 

The condaiser voltage at the point of maximxim 
torque is given by the following formula: 



4 


Zx 


2(.Zx-Xx) 




It will be seen that this value is independent of the 
ratio g, and in the case<-of this particular motor, tiJe 


computed valpe is 274 volts. The actual values agreed ' 
fairly well \i^th this, bmg 260 where g = 1 and 280 
volts where g = 2. ' ' 



Fia. 13 —^Variation of ToBQira aot> Condhnbur VoiiTagb 
, WITH CaPACITANCH 

. • SUMJJARY 

Frotn the preceding, it will be obvious that as we 
increase the number of turns in winding 2, the maxi¬ 
mum lockecf ^rque decreases. Hoover, the capaci¬ 
tance needed decreases even faster, so that if locked 
torque only is to be considered, the ratio g of the tuihs' 
should be as great as possible aad still'permit the 
necessary torque to be developed. 

It will also be apparent from the equat^c^ for maxi¬ 
mum torque that this may be made as great a§ de^d ' 
provided we make K small enough. Excessive torques 
are however obtained at the expense of large currents 
and excessive cost of condensers. . , 

Starting Efficiency 

The efficiency of the motor increases with thetorque 
and reaches higher valu^ with the smaller values of the 
ratio g. The maximum efficiency obtained was 45 
per cent. 

Complete Torque Curves 
In the actual application of the motor, we need to 
know not only the locked starting torque but the torque 
throughout the complete range of operatien. Pig. 16 
shows speed—^torque curves for another motor with a 
ratio of turns of 1 to one and with various values of 
capacitance. It will be seen that the torque with 
the large values of capacitance is substantially main¬ 
tained until the motor has reached normal operating 
speed. As the ffiapacitance becomes smaller, 'there 
is a greater tendency toward development of points of 
low torque at certairrspeeds. This will be particularly 
apparent in the curve for 20 n f. The point of low^t. 
torque occurs at about one-seventh of synchronous 
speed and would seem to indicate the presence of a 
l^kwardly rotating 7th harmonic. 

The curve of current taken when a 40-jit f. condenser 
was used also plotted. It will be seen that the current 
remains nearly constant throughout the, entire starting 
p&iod. • . 
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TheorWcal and Field Investigations of Lightning 
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Synopsis, This paper gives a review of some recent develop- sidered, A mirror scheme of an ihfinite series of waves on o double 
menu in the metHods of studying lightning phenomena. The infinite line equivalent to actual wavestdong a finite line is-developed. 
^onnder form of cal/iode ray oscillograph and iU application in The third part discusses the manner in which surges etre actually 
1 ennesSfee are discuss^, iogeUier with thednformation secured. produced on lines by lightning and the effect of ground resistance on 

. paH ^ves^he theory of traveling waves along trans- the protection afforded by ground wires, both with respect to induced 

mission lines.^ Reflections at open and grounded ends are con- and direct strokes. 


The Importance of Lightning 'Research. During 
the last few years the increasing importance of the 
solution of the lightning problem in electrical S 3 ^tenis, 
' particularly in long transmission circuits, has resulted 
in a tremendous increase in the amount of attention 
given the problem all over the world. Electrical sys¬ 
tems are being reconstructed with the idea of gen^ation 
^ in large plants at the most economic point, and inter¬ 
connection between such plants and this added, to the 
natm’aJ growth involves expenditures in the central 
station industry of nearly a billion dollars a year, of 
which^ possibly 560 million dollars a y&sif is expended 
for transmission circuits. Undo- the present conditions 
, lightning has been found to be the operating condition 
which limite ^e d^ign of transmission circuits. The 
electrical industry must accept the fact that these 
enormous expenditures warrant f^lly whatever research 
• expenditure *and effort may be necessary to provide 
the Sohilion to the lightning problem. 

I. fescENT Developments in Field Investigations 
. . OP Lightning 

Application of Cathode Ray Oscillograph. Since the 
first introduction of cathode ray oscillographs into 
laboratory study of transient fihenomena, it has been 
. realized that this instrument would be ideal for thedeter- 
mination of the character of lightning voltage in 
•expos^ circuits. Hoyever, there have been barriers 
to this use of the cathode ray oscillograph which seemed 
at the start to be insurmountable. The major difficulty 
has been in jiroviding means for having the oscillograph 
in operation on the arrival of the transient. It is 
essential to the solution of the problem to secure records 
of the entire duration of the abnormal voltages, and 
particularly of the beginning of the wave fronts. Thus, 
if means are devised to anticipate a transient which may 
occur at any time, it is necessary th^t the oscillograph 
be started by the transient itself and with zero delay. 
This is a problem of no small magnitude. 

"The Norinder Cathode Ray OsdUogtaph. In 1927 
■ it canie to our attention that successful work had 

1. All of the Westinghonso Elec. &Mfg. Qo., Bast Pittsburgh, 
Pa. . • , 

Presented at the Winter Convention of the A. 1. E. E., New York, 
N. Y.,Jan. !B8-Feb. 1, Complete copies upon request. 


been done*by Doctor Harald Norinder of the Swedish , 
RoyaJ Board of Waterfalls, Upsala, Sweden, in making, 
cathode ray oscillograms' of actual lightning voltages.* 
It proved that Doctor NorindK^’s r^ultc had been 
secured by means of an ingenious improvement ever the 
pre-viously known forms of cathode ray oscillographs by 
which operation is made entirely automatic on the 
arrival of the transient. Pig. 6 illustrates the s(^eme 
invented by Doctor Norinder. 

Use of Norinder Oscillographs 'in Field Studies. 



Laboratory trials substantiated the experience of 
Doctor Norinder in establishing the usefulness of the 
instrument. It was felt to be neefissary, however, to 
get the final assurance by a trial installation in the field 
that the instrument will give all the information which 

2. I>r. Harald Norinder, “Some Eleetrophysieal Conditions 
Determining Lightning Surges,” Journal Franklin Institute, 
June 1928. 

Dr. Harald Norinder, The CUthode Ray OscUlograph as Used 
in* the Study of Lightning and Other Surges or! Transmission 
Lines, A. I. E. B. Quarterly Trans., Vol. 47, No. 2, p, 446. 
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is needed. Arrangements were accordingly made for the accomplishment of greatest importance resulting . 
an installation of two instruments in Tennessgg and a from the worlc^during this spmmer is the demonstratipn 
^second installation of a single instrument in Illittois. that complete oscillograms of lightning voltages can 

►The Tennessee location was chosen, as it met the be seciired by the use o^the Norinder form of cathode 
requirements of a test for this purpose—a highly insu- ray oscillograph. The klydonograph record shows that " 
lated line in a territory whCi-e lightning storms are very during the test only one voltage of appreciable magni- 
frequent.' A‘ detail^'silrvey of the operating record tude occurred on the line at an oscillo^aph station. 

’ and of .the -location showed that the' most 'suitable A complete oscillogram of this sufge was secured; 
point on the line would be where it passes over the it shows the beginning, the entireiwave front, the crest, 
western end of the Chil^owee Kidge of the Great Smoky and the entire duration of the tranSent. 

Moxmtains. Through the cooperation of the Eaiox- 4 second finding of major importanpe* is that any 
ville Power Company and the Almniniim Company of large number of serious overvoltages at a.ny one point 
^America, arrangements,, were made for looating two on a line during a single season is not to be anticipated, 
^stations, one on each side of tiie Chilhowee Ridge. ^ This fact, also, has been indicated by the previous 

The general arrangement. of the test stations is 
indicated by tfie diagram of Mg. 7. 

The oscillographs and accessories ware designed and 
r built'during the period between January and about the 
fk^t of June,. 1928. Installations in the field were 
completed by the early part of July, and from this tinae, 
the stations were ready to record any lightning which 
occurred. « 

It was planned to make the first few records using the 
rotating film in order to get a general picture of the 
nature of the surges and then to take later records 
using the oscillator for th^time scale deflections. 

Unfortunately, however, only a single disturbance of 
appreciable magnitude appeared on the line during the 
period between the time when the apparatus was set up 
until Novesaber 4 when the test was discontinued .pia. 13 —Osch-lookam o*f Lightninq Stogb oN'-rRANSMissioN "■ 
,for the year. This record is shown in Mg. 13. No Line. Kv. 
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f Tig. 7—^Latout of Test at Chilhowee, Tenn. 

voltage was recorded on either the Idydonographs oJ 
the oscillographs at the other station, mi. away. 

The storm conditions were observed by the operators, 
and the following general ideas developed: There 
were many discharges between clouds apparently 
directly ovct, or nearly over, the line without causing 
any line disturbances of sufficient magnitude to be 
recorded by eithi^ klydonograph or oscillograph. 
Strokes to earth were observed in the near vicinity of 
the line without causing any voltage of sufficient 
magmtude to make either klydonograph or oscillograph 
records. The particular stroke which gave the record 
shown in Mg. 13 was observed by one of the operators 
to be extremely dose to the station but later examina¬ 
tion did not-show the exact place where it struck the 
earth. 

Accomplishments of the First Year’s Work. Perhaps 


extensive work with the klydonograph. Its significance 
in connection with lightning research is that it will be 
necessary to make a considwable number of installa¬ 
tions and to operate th€m for several years in'order to 
secure records covering the entire range of lightning 
voltages and operating conditions for various territories. 

Need for Coordination Of Effort. It is the plan to" 
continue the tests in Tennessee, and probably several 
more instruments will be installed during the. next 
season’ at other locations. In course of <r time, with 
the proposed program, we could obtain sufficient 
data to determine the characteristics of lightning waves 
so that their effect on transmission lines and connected 
apparatus could be predicted, and improvements'fn 
design and construction would result. However, due 
to the necessarfl 3 ife limited scope of otn* work or that of 
any other similar group, the time required to carry out 
the necessary program would be more than the electrical 
powerindustry would care to countenance for an invei^i- 
gation even so vital to the future of power development. 
When we consicjipr that the annual expenditure of the 
industry in transmission is of the order of 160 -million 
doUars, it seems clear that there is ample justification 
for spending the million dollafs w so, necessary for 
adequate lightning research. 
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The work reported here demonstrates that the 
means necessary for obtaining a complete solution of 
the first part of the Ifghtnihg problem *are available. 
Similar work being conducted by other groups along 
somewhat different lines will doubtless result in avail¬ 
ability of equally satisfactory means. The problem 
cannot be solved by either the manufacturers or opera¬ 
tors iyorking alone nor properly by any small group. 
The solution requires the financi^ and technical support 
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III. l^E Effect of Ground Resistance op 
Qjsbrhead Ground Wire Protection op 
• Transmission Lines" 

Overhead' Ground Wires as Protection from IndrUted 
Waves. Equations (40) and ( 41 ) are of great impor¬ 
tance for estimating the actjjkl, protection afforded by 
overhead groijnd. wires to transnnssion lines when the. 
value of the ground resistance is taken into’account. 
We shall assume, a typical 220-kv. line with two ^-in. 
ground wires, that the ground wires when at zero 
potential would reduce the potential on the transmission 
lines 50. per cent, and that the spans are 1000 ft. long 
which wduld give a wavelength of two microseconds- 
Then, Fig. 19 shows the potentials of ground wires, line 
wires, and diff^ence of potential^t th^ tower for ground 
resistance of 20 ohms. t 

Fi^. 20 and 21 show the same voltage at ttie tower 
for resistances of 80 and 200 ohms respectively.' 

It will be noted that for an interval of two micro-, 
^conds, the lower resistance gives the lower yoltage 


Flo. 10—iNDUCBn^VoLTAGES ON LiNBS 'WITH GROUND WiEES 

VoIta^t'S at tlio towers—based on oqual induced voltages on ground and 
nno wires ground rosistunco 20 ohms 


of the whole industry; and now;^that the equipment is 
available,"^ is necessary only to work out the required 
orgtmftation of effort. 

^ • 

If. Theoretical Discussion op the Propagation 
• . OP Lightning Surges 
(This part of the paper is a rather complete mathe- 
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Fio, Tn-dikjkd Voi-ta«bs on Lmbs with Ground Wires 
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Voltages at tlio tower—based on eciual induced voltages on ground and 
lino wires ground rosistanco K « 80 ohms 


' matic'al treatment 'of the theory of traveling waves. 
Since it is not feasible^ to abridge a work of this nature, 
the reader is referrfed to the complete paper.) 


Pio. 21 —^Induced Voltages on Lines with Ground Wj®®® 

Voltages at the towers—^based on equal induced voltages on ground and 
line wires ground resistance R »• 200 ohms 

with respect to ground. The curves of diff^ence of 
potential between line conductor and ground wiresj 
which is the same as the tower top, seems to favor the 
higher ground resistance. However, .the tendency to 
arc over an insulator string depends not only on the 
potential to tower top but also on the potential to 
ground. Furthermore, the performance of ground wires 
during direct strokes is more important and the follow¬ 
ing discufflion will show that for direct strokes, a low 
ground resistance is essential. 

Overhead Ground-Wires as Fraction against Direct 
Strokes. A second important practical application 
for these formillas is for the case of a direct stroke of 
li ghtning . We shall first take up the case where the 
lightning stroke hits the middle of the span. 

The phenomenon of lightning discharge has been 
darified to a large extent by the experiments of Torok* 

3. J. J. Torok, Surge Impulse Breakdown of Air, Trans¬ 
actions, A. 1. B. B., Vol. 47, No. 2, April 1928, p. 349. 
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in suppressed discharges between sphere-gaj)s. This 
phenpmenon of suppressed ^scharge is very freguently 
pbsawed in thunderstorms. e t 

Jjt is obvious that the intensity of a lightning stroke 
varies widely, depending upon the height and nature of 
the cloud, which detmdines the quantity of charge that 
can be dissipated iii h Single stroke. Many strokes 
never regch tJie earth, as frequently, du6 to insufficient 
energy to support and urge it forward, the progress of 
the streamer is stopped in mid-air. Others barely reach 
the earth and this with little energy. Still others, of 
course, are intense to vandng degrees. 

In the case of a direct stroke, when the ionized path is 
complete, there is propagated at once in the transmis¬ 
sion line a steep wave-front surge, the crest value of 
which may last f&r two or more microseconds depend¬ 
ing upon the pqtential of the cloud-and how much of it 
is drained off over the discharge path. 

»^en the flashover takes place, the cloud is dis- 
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PiQ. 24—StiRGE Voltage on GrtouND Wire Vj, on Line 
Wire Vi and Difference of Voltage as a Function of 
Ground Resistance in Ohms in Terms of the Lightning 
Voltage at the Line 7o 


charged over the ionized path in the form of a surge 
fravding-like any otho: traveling wave over a conduct¬ 
ing path, and since the surge impedance of the path 
which it must follow decreases progressively as it ap¬ 
proaches the earth, the crest of the propagated wave will » 
decrease in potential, progressively, as it approaches 
earth, so tiiat althouigh the potential of the cloud may be 
sometiiing like 100 million volts, the propagated 
wave when it reaches a transmissioR line may not 
have a crest of more than four or 5 million volts. 
It may be assumed that when it strikes the fransmission 
line, it has a surge impedance of the same order as that 
o^ thi^ Ixansinission line conductors in parallel anH 
sm^ It divides into two waves at tiiis point,"the crest 
value of each of these waves depends upon the surge 


impedances of the conductors struck and the lightning 
path, and the toltage of the lightning as it enters the 
line. This wdve may enter .the ground wires, the trans¬ 
mission lines, or both, apd it will be reflected at the 
towers in bqth the earth and other copdudtqrs involved. 
There is no foundation for the opinion that all lightning 
strokes are so severe that they, involve everything in the 
vicinity. It is likely that ground wir& may be struck 
and conduct the energy away without involving the 
conductors. Evidence which indi<iates this has been 
obtained in kly^onograph tests. 

Assuming the same tsTiical 200-kv.'.-line chosen 
above, the voltages aj; the tower were calculated in 
terms of the lightning" voltage Vo at the point of con¬ 
tact for various ground resistances and the results 
plotted in Fig. 24. In addition to curves for Vi and 
Vi, a curve of Vi — Vi, or the potential across the 
insulators, has been plotted. Although based on an 
assumed surge impedance of lightning path, Zn these 
curves- illustrate the importance of low ground" resis¬ 
tance in obtaining the highest measure of protection 
from 'ground wires against direct strokes. The value 
given for Vi with no ground wires was calculated 
on the basis •that the lightning stroke hit only one 
conductor. This illustrates that a Ira-ge measure of 
protection is obtained from ground wires even lyith 
high groimd resistance. 

O n 
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ELECTRODEPOSITION AND CORROSION 

The variety of artides to which the process of repair 
by electrodeposition can be applied has extended 
rapidly within recent years. This methpd of repair was ’ 
mployed extensively during the wAr, and has been 
since developed to a considerable degree in America. 
The experience gained by increased practise has cer¬ 
tainly resulted in the product of a better repaired article." 
But it must be remembered that there can be no homo¬ 
geneity in the metal of the repaired article. It is for 
the engineer to decide in each particular case whether 
the absence of homogeneity, with the consequent 
difference betweeivphysical and mechanical ^properties, 
is harmful to his purposes. As regards protection by 
electrc^eposition, it should be remembered that, in so' 
far as iron is concerned, zinc is the only really protective 
covering that is commercially applicable. Cadmium 
will protect iron 5^ost,as well as zinc, but the cost of 
ca^um restricts its use. Chromium does not protect * 
iron from corrosion, though the deposit of chromium 
can be useful for other purposes.^PKorld Power. 
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Power Factor and Dielectric Constant in Viscous 

' Dielectrics ’ ’ .'' 


BY t)ONALD W. KITCHIN* 


Syftopsis,—This paper gives the resy}is of a study of the peculiar 
variation, loith temperature and frequency of the dielectric constant 
and power factor of rtTsin, rosin oil, and castor oil. It includes 
data showing, at several frequencies, the relation of^ dielectric constant 
and power factofto the composition of vulcanize J^ruhher, 

Electrical double refraction in rosin at different frequencies and 
temperatures is discussed in relation to4ts behavior as a dielectric. 
It is shown that the viscosity is i decisive factor controlling both the 
electrical and optical behavior JThe facts are important in themselves 
but it is possible to interpret them^y a modem physical theory, the 
Debye^ dipole theory, which it is believed has not hitherto been 
applied to commercial dielectrics. On this theory, the anomalous 


. A. I. E. B. » , 

change of dielectric constant and power factor with temperature and 
frequency is attributed not to impurities or heterogeneity of strudure 
but to molecules containing electric ^doublets which try to orierU 
themselves in an electric field. The rotation of the dipole molecules 
in a viscous medium gives rise to frictional heat loss expressed as 
power factor, and also to a contribution teethe dielectric constant which 
vanishes when the dipoles are prevent from responding by too greaK 
viscosity or too high frequency. ^ 

For the sake of intelligibility, first an outline of the dipole theory 
is presented and then the experimental^result^are ^scussed on the 
. basis of that iheory. 


L Introduction 

HE behavior of dielectrics in alternating fields has 
been the subject of considerable experimental 
and theoretical investigation. 3?he purpose of 
this paper is to introduce the concept of the orientation 
of polar molecules as a basis of explanation of some 
^pects of, dielectric behavior. The typical behavior 
is shown by Vosirfoil at one million cycles. (See Fig. 
2, curves Pi and Di). It is readily seen that the ob¬ 
served temperaturfe variation of*dielectric constant and 
powey^actor cannot be explained by changes in density 
andtl^akage current.' An attempt is made in this paper 
to explain this behavior by tiie Debye’ dipole theory. 
Since the dipole theory of dielectrics may not be 
familiar to all who are interested in insulating materials 
an outline is given here. For a full presentation the 
treatise' of Debye’ shOTild be Consulted. 

II. Molecular Behavior in Electric Fields 

•' The plectpoii theory of the dielectric constant is 
suffid'ently famihV to require no discussion here other 
thaw to point out that* the motion of the displacement 
elections in following an alternating field may be con¬ 
sidered to, take place vrithout lag and with no dissipa¬ 
tion of energy. 

1. Dipoles. There exist substances whose molecules 
al-e polarized even in the unstressed state due to their 
configuration. These molecules contain fixed electric 
doublets or dipoles which tend tp turn them into 
line with an electric field. This tendency is opposed 
____. ^ 

* ♦Research Laboratory, Simplex Wire & Cable Co., Boston, 
Mass. 

1. For all references see Bibliography. 

Note: An English text “Polaf Molecules” by Debye is 
’ annonnoed by the Cheihical Catalog Co.) , 

Presented at the Winter Corwention of the A. I. B. E., New York, 
N. 7; Jan. SS-F^. 1.19ie9. Comjdete copies upon request. 


by the themial motion, so that the effect -of an 
ordinary fidd is a relatively, small one which 
decreases with rising temperature. 

For a dipole to respond to an electric field it is neces¬ 
sary for the molecule as a whole to turn, and any ’ 
factor which affects tias ease of turning controls the 
dielectric constant. The sudden and pronounced 
drop in e when, a dipole liquid freezes exemplifies this 
effect. If instead of tieezing to a crystalline 
solid, the dipole liquid exhibits a great increase in 
viscosity on being cooled, the change in e is gradual 
instead of sharp, and in addition, e depends on tfife 
applied frequency, for \Wiile the dipoles may be so 
sluggish at a certain temperature that they cannot 
respond to a given high frequency, still they are able;;, 
to follow a slower field and contribute to e. The 
applied frequency therefore determines the region-of 
viscosity, and consequently of temperature, where the 
drop in e occurs. Rosin, rosin oil, castor oil,, and 
glycerine (s6e Bock“). furnish good examples of this 
behavior. 

2 . Dipole Power Factor. The motion of the dipole 
molecules turning in a viscous environment gives 
rise to frictional losses, so that some of the energy of the 
field is dissipated in the form of heat. The magnitude 
of the resultuag power factor is determined by two 
factors, namely, the amount of motion, of which tiie : 
didectric constant is a function, and ,the viscosity . 
opposing the motion. At temperatures whore the vis¬ 
cosity is low, the dipole power factor (so called te dis¬ 
tinguish it fronq that due to leakage) is small. On the 
otho* hand, at viscosities practically great enough to 
prevent orientation, the power factor is again small. 
The maxiTm im occurs in the intermediate region of 
temperature where the reeultant of motion and high 
viscosity, is greatest. This is the region where e 
decreases with falling temperature. 
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III. Discussion op Expeeimental Results 
TrEnsil oil, tested at onemillioncyclesbetweei;i70deg, 
and 160 deg. fahl*., showed negligible power factor.*' Light 
amber petrolatum showed a gradual decrease in power 
factor from 0.16 per cent at 74 deg. to 0.03 per cent at 
210 deg. As expected the dielectric constant decreased 



Pia. 


2-^C'aRVBS SHOWING Effect of Dilution on Position of 
Power-Factor Maximum at 1 Million Cycles 


D - dielectric constant 
P * per cent power factor 

*“ V « viscosity Stormer—^^^utes per 100 turns 

Subscripts refer to composition of mixtures: 

1 100 per cent rosin oil (containing 60 per cent rosin) 

2 80 per cent rosin oil 20 per cent Transil oil 

3 60 per cent rosin oil 50 per cent Transil oil 

4 20 per cent rosin oil 80 per cent TransD oil 


vwth rising tanperature. The peculiar behavior 
of a commercial rosin ojj (50 per cent rosin, 
50 per cent mineral oil) gave the first hint of an 
^lanation of the anomalous change in power factor 
and dielectric constant. Inspection of the viscosity 
cuKe shows that the power factor maximum and the 
c occurs in a temperature region where the 
viscosity increase is very rapid. This suggests the 
idea that the power factor and a part of e depend on 
some mode of motion which is greatly influenced by 
the viscosity of the medium. Dipole orientation 
discussed above r^dily accounts for this behavior. 

1. Effect of Dihdion. If the behavior was due to 
some chemical change in the dissolved rosin rather than 
to the effect of viscosity, dilution with a neutral oil 
(*. e., one of negligible power factor) like Transil oil, 
^ould merely decrease the power factor without shift¬ 
ing the position of the maximum. If, on the other 
h^d, the dipole exjianation is correct, dilution with 
Tonsil oil to decrease the viscosity should shift both 
the power factor and dielectric constant maTima for 
frequency to lower temperatures. Pig. 2shows 
mat the curves for one million cycles shift in the pre¬ 
dicted manner. It is readily seen that an enormous 
mcr^ of viscosity is necfessary to cut down the 

to POW& factor 

aecrease. This is to be expected, since the great 
increase in dipole friction with rising viscosity partly 


counteracts the effect of diminiahing orientation. The 
same reasoning explains the fact that the dielectric 
constant always starts to' fall &t lower viscosity,'i. e., 
higher temperature, than where the power factor 
maximum i$ reached. '« 

Substitution of the more viscous Nujol for Transil oil 
in a 50 per cent mixture, '^th'rosin oil shifted the posi¬ 
tion of the power factor maximum frcfrn 40 deg. -to 55 
deg. fahr. This is additional proof of the orientation 
theory, since the mere substitution 6i one neutral oil for 
another should^have no chemical effect^ on the rosin 
content. Replacing the Transil oil with k) per cent of 
heavy cylinder oil cau^ a still greater shift to 76 deg. 

An interesting fact was shown by the’ behavior of a 
mix of 50 per cent rosin oil 4n 140 deg. paraffin. At 
122 deg. it was apparently solid, yet the power factor 
curve showed no break. The explanation lies in the 
fact that the apparent consistency is not a true indica¬ 
tion of the actual environment opposing the motion 
of the dipole molecules. In the stiff, salve-like mixture 
there is . a distributed liquid component in which the 
dipoles turn freely until this fiquid component becomes 
very viscous. 

Effect eff ^Change of Frequemy. « Mg. 3 shows 
the results at 60 cycles, 1 million,'^and 10 million 
cycles, obtained with Hercules Wood Rosin F. The 



• Fio. 3—CvEVBS SHOWING Bbhavior of Wood'' Rosin at 
Different Frequencies 

V viscosity stormer in minutes per 100 tiums 
R resistivity in ohms X 10^* per cu. cm. 

^ P per cent power factor 

O dielectric constant 
Subscripts refer to frequency: 

(1) 10 million cycles e « 

(2) 1 milli(fli cycles 

( 3 ) 60 cycles 

m 

two higher frequency curves and the viscosity curve are 
plotted from data obtained by the writer; the data for 
the 60-cycle curvej^nd the resistivity curve were kindly 
furbished by the Hercules Powder Co. 

o. Dielectric Constant of Rosin vs. Temperature and 
Frequency. The course of the dielbctric constant curves 
is in good agreement with the theory. At §0 deg. fahr.,' 
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€ is the same for all' three frequencies. This value 
€ = 2.68 is due to the disijlacement electrons alone, as 
shown by the fact that tihe power factor Kks dropped to 
negligible values. The viscogity of the rosin at this 
point is so^ehoripous that even the sligtiest dipole 
motion would give rise to high frictional losses, so that 
we may be sure’ that the contribution of dipole motion 



* • Fbeqvencibs 

« V viscosity Stormer in minutes per 100 turns 

^ per cent power factor 
D (Uelectiic constant 
Subscripts refer to frequency: 

1 10.9 million cycles 
^^1.415 milMon cycles • 

to % IS practically nil. Thus; when the dipoles are 
practically fixed—e. g., down to 60 cycles ,—e is inde- 
•pehdent of frequency. On the other hand, the e curves 
again converge on the high temperature side, because 
there the viscosity is very low, resulting in a character¬ 
istic frequency high compared to the three applied 
frequencies, and the dipole response is complete. 
At 180 deg. € for 60 cycles reaches a maximum, while 
"it is still lowi for thq two radio frequencies. At this 
point,’ the dipoles respond fully to the 60-cycle field, 
but are too sluggish to follow the higher frequency 
fields. Abpve this temperature e for 60 cycles drops 
because while the dipole response no longer increases, 
the density decreases. At 260 deg. and at about 310 
deg., the dipole response to the 1 and 10 million cycle 
fields is complete. 

b. Relation of Spacing and Width of Power Factor 
Curves. The comparative widths «,of the curves of 
power factor and dielectric constant (Fig. 3) and the 
‘way they are spaced with respect to temperature are 
g'ood qualitative evidence of the correctness of the 
orientation theory. Ontheorientationtheorythecurves 
for equal multiples of frequency woul^ be of equal width 
•’and spaced at equal •temperature intervals, provided the 
viscosity changed exponentially with temperature 
But inspection of the viscosity curve for rosin shows that 
the viscosity change is more rapid. 


The restilt is that the 60-cyele curve, being in a region 
of viscosity increase which is much more rapid thanjkhat 
in the higher temperature radio frequency region, is, 
narrower than the 1 million-cycle curve, which .in 
turn is narrower than the 10 million-cycle curve. Also, 
the 1 and 10 million-cyclte curves are farther apart 
relative to the frequency diffterfinpe than the. 60-cycle 
and 1 millioif-cycle curves. The viscositi^ corre¬ 
sponding to 1 and 10 million-cycle power factor maxima 
are approximately in the ratio 10 to 1 as they should be. 

c. Tests on Castor Oil. In order that all the tests 
might not be confined to rosin-containing materials, 
similar tests were made on a,^afeple of. refined castor^ 
oil. The curves are shown in Pig. 4. It will be noted 
that Very high frequency is required to bring the power 
factor maxiraum'above 0 deg. fahr. ' . - 

S. ‘Optical Evidence of Orientation. Some results . 
of optic&l tests on rosin are included because of the •< 
additional support they give to the orientation theojy. 
The work was done with Professor Hans MUller of ' 
the Massachusetts Institute of Technology, and is 
treated more fully in a joint paper.'* 

The phenomenon of electrical double refraction, 
called the Kerr'* effect, is well known. Many materials • 
become double refracting in a strong electrostatic .field. 

Non-dipole liquids sHbw some Kerr effect, but polar 
liquids show it much more strongly. Since this effect 
depends upon dipole orientation, the time required for 



Combined Sm>pinm at 4 F^quencies 

Subscripts refer to frequency: 

1 0 cycles, i. e., static stress 

2 60 cydos 

3 1000 cycles 

4 380,000 cycles 

<4 

the effect to disappear after sudden discharge should 
equal the relaxation time already defined for electrical 
polarization. Then, by reasoning similar to that which 
applies to the change of dielectric constant, the effect 
should fail to appear in an alternating field of frequency 
too high for the dipoles to follow. This prediction was 
confirmed by the behavior*of rosin. At room tempera¬ 
ture, solid rosin showed a good Kerr effect with a static 
field of 10,000 volts, but none whatever with a 60-cycle 

field even though the stress was increased to 75,000 volts. 
• •* 
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The sudden discharge was produced by shorting the 
cell. A very long relaxation time for the opticd effect 
.was'noted at room temperature. After discharge, it 
*topk least 30 seconds for the image of the slit to 
disappear. The threshold temperature for the appear- 


materials of high purity would be of great value in 
checking and Extending the theory. 

f , ' 

The results given in tljis paper are believed to be of 
value botl}. to electrical engineers and to physfcists. 

tj. 1_ji f.t ..I 


--- ...w* vxAv. ou cxccuiutii ezigineers bjiu . pnysiciaus. 

of the effect at 60 cycles was found to be about It is hoped that they will help to interest practical 


100 deg. The diflScjilties of observation precluded an 
■ accurate‘determination of the threshold temperature 
at 1.5 million cycles, but the Kerr ^ect could be 
observed unmistakably above 240 deg. which is in 
approximately the corfect region. Thus, the optical 
behavior of rosin at different applied frequencies gives 
strong additional support to the orientatio* theory 
'advanced to explain anomalous power factor and di- 
felectrie constant changes. 

i. Electwcd Sehamor of Ruhher-Stdfur Compounds. 
Electrical t^ts at various frequencies on samples of 
vulcanized rubber contaiimig different amoxmts^of com¬ 
bined sulphur show very interesting features which 
may be related to the dipole theory. «• 

Figs. 5 and 6 show that the positions of the maxima 
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COMBINED SULlftuR PERCENT 

Fip, 6 Curves showing Power Factor w. Per Cent 
e' CoMBiirBD Sulphur at 3 Freqxtencibs 

Sifbscripts refer to frequency: 

^ 1 eocypiles • 

^ . 2 1000 cycles 

• 8 380.000 cycles 

can be diifted over a wide range of composition by 
changing the test frequency. The application of the 
orientation hypothesis to rubber is only tentative and 
conaderable critibal experimental work would be 
n^ed tP. place it on as firm a basis as in the case of 
viscous liquids. 

Conclusions 

1. The peculiar temperature variation of dielectric 
coMtant and power factor at different frequencies of 
rosin, rosin oil, an3 castor oil, and the anomalous 
(mange in electric double refraction of rosin have been 
shown to be functions of the viscosity* ^ 

2. Ihe influence of viscosity on both the electrical 
“ opti^ properties has been ejcplained on the Debye 

theory of dipole orientation. , 

3. The electrical behavior of vulcanized rubber 
smpies of v^ous compositions suggests the presence 
of dipole molecules. 


1 students of dielectrics in a physical theory which hith- 
B fflto has been tested for the most part frequencigs and 
B on materials ranote frbm practical purposes. 
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ENGINEERING SOCIETIES EMPLOY¬ 
MENT SERVICE 

EXCERPTS FROM LETTERS OF APPRECIATION 

February,18, 1928. 

I am enclosing herewith a check for $49.50 as a 
contribution to the Employment Service for its use by 
me in securing my preseht position. I hope that this 
may show to some extent my appreciation for the ex¬ 
cellent service it has rendered me. 

^February 10, 1928. • 

The service rendered by the Bureau is excellent, and 
I heartily thank you for the assistance you gave me in 
obtaining the position at a time when general business 
conditions were very slack. 

December 1, 1928. 

We wish to express our appreciation for the helpful 
, cooperation of the Engineering So<aeties Employmenf 
Service and thank you for your personal inter^t. 

(signed) Plant Maifager * 
November 10, 1928. 

We wish to express our appreciation of your coopera-' 
tion in securing the sovices of this engineer, as he and 
several other men interviewed, turned out to be the 
very highest calil^er anjJ we hope and expect to use 
yoTjr service to a larger extent in the future. 

, . , July 1, 1928. 

I might say that I have been very much impressed 
by the excellent service rendered by y 9 ur office, and a 


4 Verv a/. T . oy me exceuenn service renaerea oy your oflB 

curate measuysments on viscous, dipole* contribution will be forthcoming very shortly, 
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No-Load Induction Motor Gore Losses 


BY T. SPOONER^ 

, Member, A. I. ll. B, 


C. W. KINCAID^ 

Associate, A. I. E. B. 


Synopsis.—A ^detailed method of calculating the no-load core losses due to imperfection in workmanship. Calculated and test 
losses of induction motors is pfesenied^ whereby each loss component results on a few commercial machines (^e given as a^^ indication^ 
is estimated separJtely. There is included a discussion of extra of the reliability of this method. ' , • 


• 

I N geneM, simplest and most rejjable method of 

predicting* the core losses in a rotating machine of 
new design is to estimate., them from the test 
results on machines of similar type. This is the method 
ordinarily used by experienced designers. In some 
cases, however, this procedure is not adequate. For in¬ 
stance, if in a certain type of machine the core losses are 
higher than anticipated^ a more detailed analysis is 
nec^sary, or if a machine is proposed which has certain 
radically different features from any existing madiine, a 
calculation of losses based on fundamentals is essential if 
these losses are to be prbperly estimated. It is our 
purpose here to consider all of the important factors 
which produce ao-load core losses in incfriction motors 
and similar typos of apparatus and to give a method 
qf calculating these losses. 

• • Types op Loss 

This discussion will be confined to induction motors, 
but it will* be obvious that the ifiethods can be applied 
to otter types of machines in which both the stator 
an(Lrotor are slotted* and in which the air-gap flux has 
approximately a sine-wave distribution. 

For thfe -puipose of calculation, induction motor 
losses will be segregated into the following components: 

1. Fundamental frequency losses. 

■ a. Stator core 
b. Stator tooth 

2. Pulsation losses. 

.a. Surface (stator and rotor) 
b. Tooth pulsation (stator and rotor) 

, c. Copper eddy (stator and rotor) 

3. Illegitimate losses. 

The fundamental frequency losses are those due to 
the hsrsteresis and eddy-current losses in the core 
material corresponding to the applied frequency, and 
^e assumed to be the same as would occur imder alter¬ 
nating flux as in a transformer core for the same 
manmum mduetion. This assumption may be open 
to question so far as the core flux is concerned, since 
‘this flux has an elliptical, rather than an alternating 
variation but the simpler assumption with corrections, 
if necessary, for the elliptical field seems to give satis- 

1. Both of Westii^hoiise Elec. CS»., Bast Pittsbwrgh, 

Pa. • 
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factory results. It is assumed that the frequency of 
the main flux in the rotor is so Jow that the losses are 
negligible. » 

The pulsation losses consist first of the surface losses 
which are those hystersis and, eddy losses occurring 
just below .the surface of the tooth tops due to the f>as- - 
sage bf the slots of the other memb^ and are practically 
the sarne as the well-known pole-face lo^es. * ' ^ 

The tooth pulsation losses are those caiised by -the. 
high-frequency pulsations of flux extending the, whole 
length of the teeth and a little way into the core due to 
the reluctance changes in the air-g&p as the slots of one 
member pass the teeth of the other. The distinction 
between surface and tooth pulsation losses is somewhat', 
arbitrary but seems to work fairly well. 

The no-load copper* eddy-current losses are not, 
of course, really core losses, but appear as such by the 
ordinary methods of test. They are due to the high- 
frequency slot-leakage fluxes as the result of the momen¬ 
tary changes in the saturation of tiie teeth.”* They have 
both tangential and radid components.. 

The ille^timate losses are those caused by punching 
strains in the tootii iron, short-circuited laminations due 
to burrs and slot filing, bending strains in the iron sheets, 
and finally to leakage fluxes into the frames, end-b§lls, 
and other solid members. ' • 

FONDAMENTAL-FaEQUBNCY STATOR CORE LOSSES, 

The fimdamental frequency losses in the stfitor core 
are to be calculated in the usual way from loss curves off 
the particular type of material to be used in the ma¬ 
chine if the ratio of inside to outside radius of core is 
large or if there is a considerable number of poles 
corrections to be made for non-uniformitsf'of flux 
according to the -method described by Algo* and 
Eksergian.* 

Fundamental Frequency Stator Tooth Losses 
The stator teeth of an induction <motor are subjected 
to approximately a sine-wave variation of fundamental 
frequency flux on which generally is superposed a high 
frequency ripple corresponding to the number of slots 
in &e . rotor. It has often been assumed that these 
high-frequency pulsations tend to reduce the funda¬ 
mental frequency hystersisriosses. It has been shown,* 

?2. Induction Motor Core Losses,- P. L. A^r sad B. Eks^rgiaa, 

Jl. a. I. B. B., October 1920, p. 900. 
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however, that this is not the case and that the funda¬ 
mental frequencj hysteresis losses are proportional to 
£he Tna-ifjmnm flux density, whether or not the high- 
frequency pulsations are superposed. 

Referring to Fig. 6,«B i§ the maximum magnetic 
flux density in the teeth.a;^ordinarily assumed and is 
the actual m.aximuifi flux density. It,, is necessary, 
therefore; to calculate the magnitude of these high- 




Ps P (1.6 ) 


Fig. ^9 and formula (9) are based on theoretical con¬ 
siderations only. Experimental results on actual ma¬ 
chines seem to indicate that the following formula more 
nearly fits the facts for large induction motors. 




These corrections to P are based upon the assumption 
that the losses vary as the square of the pulsation 
amplitude. Of course the effect of saturation increases 
as' the pulsations follow up along the fundamental 
flux curve toward the maximum value. These satura¬ 
tion effects have begin integrated for the whole funda¬ 
mental wave. 

The variables for calculating pulsation losses are as 
follows: fat or as above, where for instance, cor¬ 
responds to the number of stator teeth, but is used to 
calculate th e rotor tooth pulsation losses. 

Superposed Alternating Field on Apparent 
agn^ic Pemeability and Hysteresis Loss/* T* Spooner, 
Phys. Rev., Vol. 25, Sept. 2,1925, page 527. 

A ^oiaUng Machines, T. Spooner, 

A. I. E. B. Trans., Vol. 43,1924. p. 252 


Pm, the maipmum tooth induction, which for the 
stator teeth n?iay be taken as the same as used in the 
calculation of the fundamental frequency tooth losses, 
or, more accurately, shouM be recalculated using curve 
9 or formula (9) or (10). In the latter case: 




Pig. 5—Showing Tooth^ Flux Variations for Induction 
.. * . > Motor 

f frequeliey flux“.pulsations in the teeth. This, can be 
doije by means of the fonnulas given in a previous 
' A. I. E. E. paper,^ r 

Surface Losses 

The method of calculating surface losses has been 
described in the A. I. E. E. Transactions for 1924, 
, p. 252. 

Tooth Pulsation Losses 

The method of calculating the magnitude of tooth 
' pulsations has been given in a previous paper.® Cor¬ 
rections to the calculated pulsation P may be made 
according to^Fig. 9, or assuming a straight line relation 
between induction and percentage pulsation P as 
effected by satmation the following formula may be 
used instead of Pig. 9. ** 


where B is the net tooth induction ^ from the nairow- 
est section, Ps is the percentage pulsation as, corrected 
for saturation, v « 

P B„ the product of B„, and Ps. The tooth pulsation 
losses for a wound rotor per net, cu. in. of core material 
are: 

Wuf = (10-®/., ATp) +, Kf.d watts (12) 
(Hysteresis) (Eddy) 

TheR^ factors are obtained from Fig. 10, Kb,» corresponds 
to the rotor tooth as obtained from formula (11). 
Kv is the rotor pulsation constant corresponding 40 the 
percentage pulsation as corrected for saturation. 

The hysteresis component of this formula was, ob¬ 
tained from a fimdamental study of the losses of dis¬ 
placed hyster^sig loops. The eddy-cuijent component 
was obtained by many tests on an e^erimental ma¬ 
chine supplied with various slot combinations. 

The stator tooth pulsation losses are calculated as 
follows when they are appreciable: 

W,if - frlK^mKp) -|- (JfpBm -K/rO watts (13) 
If the machine has a 'squirrel-cage rotor instead of a 



_ 30 40 50 

P- PER CENT (CALCULATED) 

Pig. 9—^Tooth-Saturation Correction Curves for 
Calculating Pulsation Losses 

wound rotor, the conditions are different. In this casC 
due to the short-circuited turns around thd^teeth no 
very appreciable Mgh-frequency flux can fiow. Thus 
the tooth-frequency losses in the rotor teeth will be 
negligible. As pointdfl out by Alger and Weichsel®' 
some years ago, however, the high-frequency currents 
which flow in the rotor bars produce a corresponding 
tq. m. f. which acts on the stator teeth to produce high- 
frequency pulsations in these teeth which may be' 
responsible for very considerable losses. 

The magnitude of the stator‘tooth pulsations as a 

Sj, A. I. E. E. Trans., Vol. 44,1926, p.'16(5. . 
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result of the high-frequency rotor currents would be 
difficult to calculate accurately. Therefore, in the 
case 6f squirrel-cage motors,'the expedient has been’ 
adopted of calculating the rator tooth pulsation per¬ 
centages as Jf thwe were no squirrel-cage* windings, 
then assuming that these are the percentage pulsations 
which actually occur in the stator teeth due to the rotor 
high-f*equency currents. The rjtor tooth pulsations 
and therefore the pulsation losses are assumed negligible 
and the stator tootS pulsation losses calculated from 
formula (iS)* assuming P, equal to the Ciplculated rotor 



Pig. 10 —Curves for Calculating Tooth Pulsation Losses 

• • * • 

Note: All inductions and vol. are based on net section assuming a space 
factonof^O per cent. 

W If = -^^P) •+ Kfi) 

Wtf Tooth frequency loss in watts per cu. in. 

/ i = Tooth frequency 

« Max.^tooth Induction factor (Bm is in kilolines per sq. In.) 

■K'p » Tooth pulsation factor (P is in per cent of Bm) 

•K'pbw s* Factor for % tooth pulsation and max. induction ijrodiict 
= Tooth frequency factor 

X no. of teeth 
^ “ pairs of poles 


rev, per min, x no. of teeth 
* 60 

For rotor**/ i use no.'of ^tator teeth 
For stator/ / use no. of rotor teeth 


tooth’ pulsqtion percentage. When the number of 
stator and rotor teeth is not very different, this is a 
fairly reliable assumption. 

Copper Eddy Losses 

’the cause and nature of'these losses have been dis¬ 
cussed in a,previous paper.® They become of appre¬ 
ciable magnitude only at quite high tetoth flux densities, 
these losses are caused by high-frequency slot-leakage 
flu;ces which occur due to the safuration of the teeth. 
In general, since the conductors are small and the teeth 
are less saturated, the stator no-load copper eddy losses 
are negligible, but the rotor copper "eddy losses are 
often appreciable both for squirrel-cage and wound- 

rotor induction motors. 

_ . • 

6. No-load Copper Eddy-Current Losses, T. Spooner, A. I. E. B. 
Tbanr., Vol. XLV, 1926, p. 231. , 
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Illegitimate Losses 

These'losses have already been mentioned previously, 
and are*losses in addition to those which would occur' 
in annealed unsaturated cores with perfect insulation 
between laminations. Due to .their variability they 
are difficult to estimate and ^hquld, so far as possible, 
be eliminated., They are one of the major causes of 
differences between calculated and test results. ‘ 

One of the most common types of extra losses in 
rotating machines appears as the result of eddy currents 
caused by short-circuited laminations. Short-circuited 
laminations may be produced when types of construc¬ 
tion are used such that the puhchings are wedged onto' 
dovetails or kejrways, or are forced on the shaft. This-' 
comiects togethw electrically the back edges of the 
laminations.' Now if the teeth contain burrs orif the 
slots are filed, the laminations become §hort circuited 
and in this case there may result very considerabljr 
increased fundamental frequency core losses. 

'For motors with narrow teeth, there may be. con¬ 
siderably increased losses due to, punching strains. 
At an induction of 65 kilolines per sq. in., the losses are 
increased by an amount which can be calculated ap¬ 
proximately by inCTeasing the standard loss by a factor 



Fia. 12 —^WouND Rotoh Induction Motor 
O omparison of calculated and test no>load tioro losses 


equal to 14 divided by the mean tooth width in inches; 
namely: 

/ 0.14\ 

Wcor^W.u[l-\-—J ^ ( 16 ) 

At 100 kilolines the correction is perhaps not over 
one-half this value and at very high flux densities it 
is very small. If the stampings are annealed after 
punching there is no such correction. 

If the punchings are not flat, bending strains may 
appear, increasing the losses at, medium inductions. 
Above 100 kilolines there would be very, little effect 
due to this cause. 

K a motor is operated at very high core inductions 
Iqfikage flux into the frames* end-bells, and other solid 
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members may cause the losses to go up very rapidly 
with voltage. In a properly designed machineoperated 
"at normal voltage this should Be a small factoid 

Experimental Methods op Separating Losses 
The several different Idtids of loss which must be 
considered to obtain>the*total have been described and 


TABLE I 

WOUND-BOTOR INDUCTION MOTORS . 
COMPARISON OP TBSTIfD LINE PBEQUENOY AND SLOT 
FREQUENCY LOSSES TO CALCULATED VALUES 



Per cent 

Lin#freq. loss 

- -_ 

Hlgh-freq. loss 

Total loss 

• 


voltage 

Test 

Calc. 

Test 

Calc. 

Test 

Calc.. 

• 

60-cycle... 

56.8 _ 

1.09 

1.36 

• 2.20 

2.33 

3.20 

3.69 

12 £pole.... 

• 79.6 

2.10 

2.32 

3.70 

9.65 

5.80 

5.87 


102.2 

4.35 

4.83 

5.35 

5.38 

" 9.70 

10.21 

, 

125.0 

9.80 

9.90 

7.40 

7.20 

17,20 

17.10 



0.60 

0.50 

1.05 

0.86 

1.55 

1.36 

OQCcycle... 

56 rs 

0.96 

1.06 

1.94 

1.98 

2.90 

8.04 

16-pole-’ 

79.6 

1.98 

1.97 

2.82 

3.20 

4.80 

6.^7 

e 

102.2 

3.53 

3.35 

3.67 

4.38 

7.10 

7.73 


125.0 

6.03 

• 

6.41 

4.17 

5.83 

10.20 

12.24 



2.06 

2.11 

1.66 

3.60 

3.71 

5.71 

60iicyclo.,. 

56.8 

4.67 

4.55 

6.13 

8.35 

10.90 

12.90 

24-pole_ 

79.6 

8.67 

8.70 

11.63 

13.18 

20.30 

21.89 


102.2 

14.65 

14.80 

16.35 

18.55 

31.00 

33.36 

•' ' 

113.7 

19.65 

20.15 

J9.86 

21.59 

39.40 

41.74 


46.6 

1.40 

1.14 

1.50 

1.33 

2.90 

2.47 

25-cycle... 

60.6 

2.31 

1.82 

2.50 

2.11 

3.81 

3.93 

10 -pole- 

75.8 

3.40 

2.76 

3.60 

3.00 

6.90 

6.76 


90.9 

4.80 

4.05 

4.60 

4.06 

9.40 

8.11 


106.0 

7.00 

6.21 

5.70 

. 5.18 

12.70 

11.89 


121.1 

11.10 

10.50 

6.60 

6.89 

17.70 

17.39 


Checks on other machines, which were not specially tested, show the 
’^me general agreement in the total losses. 


which give a,separation of losses with respect to the 
frequency which causes them can be made. 

One method which is applicable only to wound rotor 
motors , was described by R. Richter in the Elektrfitedi. 
Zeitsch., January 6,1921. • * 

This is the method that has been used in separating 
the losses in some of the motors shown in the curves. 

Another method lyhich is applicable to all types of 
machines is described by Messrs. Mger and Eksergian.’' 
The fundamental idea is covared* by their statement: 
“It is a geujral principle that whenfivfer any cyclic 
variations in the permeance of a magndde circuit are 
caused by the relafive movement of parts of the circuit 
all the losses caused by this variation are supplied by 
the mechanical agency causing the motion.” 

Applied to the induction motor, this means that the 
tooth frequency losses are supplied by torque in the 
rotor. Now, the rotor can only recave power by run¬ 
ning slower than the rotating field, i. e., slipping, and by 
hysteresis loss in the rotor core and teeth. The slip 
can .be measured very accijrately by several means so 
that this portion of the rotor torque is known, blit the 
hysteresis losses in the rotor core and teeth must be 
calculated. The hysteresis loss effect is as though it 
were at line frequency. ** 

’ Another metiiod requiring a driving motor and also 
accurate meter readings makes usq. of the'step in the 
stator loss curve which occurs when the rotor is driven 
through s 3 mchronism. This has Jbeen d^cribed by 
Messrs. Alger and Eksergian® and by Me^rs. Spooner 
and Kinnard.® . '' ' 


Percent 

normal 

•volts 


TABLE 11 

WOUND-ROTOK INDUCTION MdTORS 
COMPARISON OP TESTED AND CALCULATED TOTAL LOSS VALUES 


60 cycles 
10 poles 


25 cycles 
4 poles 


25 cycles 
8 poles 


25 cycles 
IQrPoles 


25 cycles 
34 poles 


TABLE HI 

SQUIRREL-CAGE INDUCTION MOTORS 
COMPARISON OP TESTED AND OALOULATED CORE LOSSES 
' AT NORMAL VOLTAGE 



iftnefteq. loss 

Higlilreq. loss 

Preq. 

Test Oalc. 

Test <Jalc. 

60 

1.98 1.87 

1.72 1.22 

60 

6.04 6.02 

3.93 8.14 

40 

1.08 1.07 

0.95 0.64 

40 

0.82 1.15 

1.30 1.27 

40 

1.89 

2.09 1.58 


it would be very convenient if each one of these sev¬ 
eral losses could be tested alone or separated from the 
others. This ideal will hardly be realized, but teste 


This metiiod may be used on wound-rotor motoys 
but on squirrel-cage motors the torque is so large that 
it is very hard to get satisfactory readin^g unless the 
frequency and speed are very accurately controll^. 

TJbst Results 

Several large wdund-rotor motors have been tested 
according to- the first method for loss separation and 
the losses have been compared with the losses calcu¬ 
lated by the above described methods. The curve for 

7. Alger and Ekaergian, loc. dt. 

8. Alger and Ekseigian, loc. dt. * 

9. Surface Iron Losses with Reference to LamindteA Materials, 
A.J. B. B. Teans., Vol. XLXXX, 1924, p. fe2.» 
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the line-frequency losses was obtained from one of the 
tested machines and checks well with the* loss curve for 
the grade of iron used. Table‘I shows the'fundamental 
and the pulsation-frequency lo^^ calculated separately. 
Tabid II givqp data for other machines withqut separa¬ 
tion of losses. Fig. 12 shows the results graphically 
for one of these'machines/ 

In Uable III ar? presented som^data on squirrel-cage 
motors. . These checks are not as good as for the wound- 
rotor machines partlj’ because of the greater difficulties 
of test. Thes^ results were obtained about three years 
ago. The cedculated pulsation losses are probably 
low because no account was take^ of copper eddy-cur¬ 
rent losses. 


’ Conclusions 

The above described method of calculating no-load 
inductioh-motor core losses appe^s to be rather tedious' 
and complicated and as compared with the older empiri¬ 
cal methods this is the case. However, by the use of a 
suitably prepared schedule" the time may be greatly 
shortened. The time for sucfi a" calculation, provided . 
all of the factors which have to be calculated for other 
purposes are available, is from 30 to 40 min. This is 
not excessive when dealing witKa radically new design 
or, with a t 3 q)e of machine which has given trouble 
due to high losses. It is hoped,that this paper will 
stimulate discussion and will b^ng forth other methods , 
for m.aking these detailed calculations. 


Abridgment of 


.The Predominating Influence of Moisture 

and Electrplytic Material Upon Textiles as Insulators 


BY R. R. WILLIAMS^ 

^ Non-member ^ ^ 

• • 

Synopsis,—The insulating qualities of textiles vary with the 
amount of moisture present in them from hour to hour and are 
also strongly infiuenced by the amount of electrolytic material 
(saltSf etc.) whim the textiles contain. Electrolytic material may 
he washed out producing a commercially realizable increase in 
insulation resistance ofVie order of 50 times the original value. 

The resistance of the animal fibers^ silk and wool, is far greater 
for a^gifen moisture contenl than that of cotton or of cellulose acetate, 
a derfoaiive of cotton. It appears probable that the distribution of 


and E. J. MURPHYi 

Non-member 

loater as well as the quantity is important and that the two clashes of 
fibers are characterized by different space patterns according to which 
the water is distributed. It is suggested that the space distribution 
patterns are associated with the colloidal structures of the materials 
and in turn with their chemical classification as proteins and 
celluloses respectively. Cellulose acetate absorbs IMtle water as 
compared with cotton and is correspondingly superior electrically. 
However Us resistance varies with moisture content in the sam way 
as that of cotton. * 9 


I N spite of the great diversity of materials used for 
insulating purposes it is to great extent absorbed 
water which determines their quality as insulators. 
Not only the amount of moisture but also its distribu¬ 
tion is important, as is evident from the great variation 
in effect-of a ^vep increment of absorbed water upon 
the resistance of different materials such as cotton, silk, 
gutta percha, etc. Contamination of a variety of 
insulating Inaterials with electrolsrtic impurities has 
also often been found responsible for poor insulating 
qualities. The textiles are peculiarly subject to the 
influence both of water and electrolytes. 

Important contributions to the knowledge of the 

1. ‘Both of the Bell Telephone Laboratories, Inc., New York, 
N. Y. 

. 2. Williams, R. R. and Kemp, A. R., J our, Frank.^ Inal., 
35, (1927). Lowry, H. H. and Kohman, Q. T., Jour' Phya. 
Chem. 31, 23 (1927). 

3. a. Murphy, E. J. and Walker, A. C., “Eleotrieal Conduc¬ 
tion in Textiles. I. Dependence of ,the Resistivity of Cotton, 
Silk, and Wbol upon Relative Humidity and Moisture Content,” 
Jour. Phya. Chem. 32,1761, (1928). * 

b. Murphy, E. J., “Electrical Conduction in Textiles. II. 
Presented at the Wirder Convention of the A. I. E. E., Jan. Z8- 
Fdb,l,19S9. Compifite copies upon request. 


quantitative relations between the electrical properties 
of insulating materials and the moisture which th^ 
take up from the air have been made by Evershed,* 
Curtis,® Kujirai and Akahari,® Setoh and collaborators^ 
and other investigators. This paper is based upon^ 
an extended investigation of insulating materials 
particularly submarine insulation® and textiles® and 
is intended to emphasize the importance of moisture 
and electrolytic material on the behavior of textiles 
as insulators and to discuss briefly the relation of 
electrical characteristics to physical structure and 
chemical constitution, so far as possible with the 
available facts. 

- - - - . • 

Alternating Current Conduction in and Silk/^ Jour. 

Phys. Chem. 33, 200 (1929). 

0. Murphy, E. J.,“Electrical Conduction in Textiles. III. 
Anomalous Properties of Conduction in Textiles,” Jour. Phys. 
Chem. 33, (1929). 

4. Evershed, Inst, of Elec. Eng. Jl. (London) 62, pp. 61-83, 
1914. 

6. Cxatis, Bur. of Standards^iSfct. Paper No. 234 (1916). 

6. Kujirji and Akahari, Sd. Papers, Inst. Phys. <St Chem. Res. 
(fokyo), 1, pp. 94^124,1923. 

7. Setoh and Toriyama, Sci. Papers, Inst. Phys. & Chem. Res. 
(Tokyo) 3, pp. 286-323, 1926. 
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General Characteristics op Textiles 
It is obvious that the rapidity of response of textiles 
‘to atmospheric moisture .is diie first of all % their 
fibrousness which permits ready access to the interior 
of the mass through the large surfaces exposed. 

Single fibers of cotto^ and silk have a resistance* 
• which, considering the nature of the material, is sur¬ 
prisingly uniform for different fibers taken from the 
same material. Threads* of cotton and silk also have 
a uniform resistance# Even where the voltage is 
applied transversely to the long axis of the fibers, the 
resistance of different samples of the same material is 
r fairly uniform. These'facts suggest that* interfiber 
f'Contact resistances are only secondary or negligible in 
determining the^resistance of a thread or other mass of 
fibers.- 

The 'form'pf the sample is not of predominating 
importance with reference to the insulation resistance of 
eicher cotton or silk, and a marked contrast exists exc^t 
at very high humidity, between cotton and silk, in all 
forms of ^mples. .Both these facts and other available 
data justify the inference that the dielectric properties 
, of- textiles are determined primarily by the com- 
porition or internal structure of the fibers, not by the 
twist of threads or the lay of servings. 
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MLATIVe HUMIItlTr-PCR CeM? 


Fig. 1—Dependence op Moisttob Content or Textiles 
UPON Relative Humiditt op Atmosphere with which they 
ARB Equilibrated 

• • 

The moisture content of each sort of textile depends 
•directly on the humidity of the atmosphere. Kg. 1 
shows the moisture content of silk, wool, cotton, and 
cellulose acetateinequilibriuni with air over considerable 
ranges of r^elative humidity. The data for silk and 
wool were taken fnpm a paper by Schloessing;i® those 
for cotton are due to Urquhart and Williams;!^ while 

8. Th.e experimental procedure is deseriRed elsewhere.®^ 

9. Because of their uniformity, small samples of thread 
in. lengths) have been used in this laboratory as a convenient 

me^ of comparing the insulating quality of cottons and other 
textiles. 

nQOQ^ IndusUNat. 8, J17 

, 1908, p! 219 ’ 

11. Urquhart and Williams./. Textile Inst. IS, 143, (1924)., 


those for cellulose acetate represent the figures of 
Wilson and Euwa.“ It sufficient for our present 
purpose to emphasize the ordwly dependence of ‘moist¬ 
ure content upon the relative humidity of the atmos¬ 
phere without discussing secondary , phenomena or the ‘ 
full significance of the curves. 

The relation of electrical' behavior of each textile 
to relative humidity is also very close." Fig. 2 shows the 
insulation resistance of each of the above fibers plotted 
against relative humidity over tKe uppw part of the 
range of atmo^heric humidities. It is not practicable . 
to plot the resistance over the entire range of humidity 
directly in this way,,A»n account of the wide range of 
insulation resistance values which are obtained. In 
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Fig. 2—Insulation Resistance op rLsNOTHS op 

Textile Threads as Affected bt Relati'^ Humidity op 
Atmosphere 

snk had beSn to a washing 

W^dure to remove electrolytes. The impure sUfc was a commercial 
^^en repr^tlng somewhat more ihap usual contamlnaCon with 
electrolytes, while the commercial cotton Is representative of its class r 

order to depict the fact that there is 'a‘consistent 
relationship throughout the range, we have plotted in 
Fig, 3 Log Insulation Resistance vs. Relative Humidity 
as far as values are at present available. When con¬ 
sidered together, these three charts show that the in¬ 
sulation resistance of a t^le depends on its moisture 
content, which in turn is a functien of relative humidity.’' 
In other papers,* the electrical behavior of textiles in 
relation to relative humidity and moisture content is 
discussed more fully. r 

Perhaps the most significant evidence of the im¬ 
portance of electrolytic impurities in silk, wool, cotton, 
and to some extent other textiles, is the fact that their 
electrical characteristics can be greatly improved by 
thorough washing with water though without altmng 
qualitatively the gen^ nature of the elec^o-conduct- 
ing phenomena which characterize them. Fig. 2 
illiKtrates the resullf of washing upon the insulation 
resistance of cotton and silk threads. The improve 
ment in insulation resistance of cotton and silk upon 
washing ranges *commonly from fifty to one hundred 
feld, under any of the commonly-prevailing conditionls 
of atmosp heric temperature and humidity. This im- 


r 
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provement is accompanied by diminution of the ash 
content, in the case of cotton from abcfut 1,0 per cent 
to 0.15 or 0.25 per cent.’. It produces’only a slight 
reduction in the equilibrium^ moisture content of the 
cotton over * the, ordinary ranges of jjtmospheric 
humidity. Commercial silks are similarly affected by 
washing, • ' 

If the mineral^ontents of cottons which have under¬ 
gone washing are compared quantitatively with the 
original contents a niecrease is obseiyable, particularly 
as to potash, but the calcium and magnpsium contents 
are much Iq^ altered. Fairly complete removal of 
potash is apparently essential to good electrical char- 



Pia, ;3—Loo Insulation Resistance op K-In. Lengths op 
Textile Threads vs* Relative Humidity op the Atmosphere 


hygroscopic properties, some of which at first glance 
appear ^contradictory. For convenience in disci^ion 
let us ^classify the commercial fibers ♦into two main, 
groups: (1) the animal .fibers, and (2) the vegetable 
fibers, and a sub-group (2a), the cellulose ester fibers 
of which the so-called cellulose'acetate silk is the sole 
representative of eommercijfl itoportance at, present. 
It will be seen by reference to Fig. 1 that over the 
entire range of relative humidity the animal fibers, silk 
and wool, absorb more water ,^than the natural vege¬ 
table fibers. This is true whether we deal with fibers 
in their natural impiire state or after a washing process 
which has been shown to improve greatly the electrical^ 
charecteristics of both types of natural fibers. Cellu-^ 
lose‘acetate absorbs less water at any given humidity 
than either class of natural materials." 

We have seen that for any given kind.qf fiber there 
is an orderly dependence of electrical properties upon •' 
the moisture content of the fiber and in turn upon the 
relative humidity of the atmosphere. The more water ' 
present in any given fiber the poorer are the electrical 
properties. If the amount of water in fibers were the 
sole determinant of electrical characteristics we would 
expect the animal fibers to be, at a given humidity, the 
poorer electrically of the classes enumerated above. 


ftoi* rl(^script!on ofHumplos see Vlg, 2. For tobuluted data seereforencoSa 

acteristics, but improvement electrically has been 
attended kwsome c&ses by an actual increase in content 
of alkaline earths. This suggests that interchange of 
elecjrqlytic impurities between the textile and the 
water is involved as well as actual removal of electro¬ 
lytes by the water. Thus in general hard natural 
waters, i. <?., those containing calcium and magnegi ii m 
salts, have proved as good or better than soft waters 
when used in economically* small amounts. Very 
exhaustive extraction with distilled water gives ex¬ 
cellent results, though not vastly superior to washing 
•with very dilute sojutions of alkaline earth salts. 
Sufficiently complete and accurate analyses of samples 
of textiles brought into equilibrium with washing 
liquids and of the kind and quantity of electrolytes in 
the corresponding liquids have yet to be made to 
determine the precise importance of the composition 
of the saline residues. Non-saline electrolytes have 
•3lso to be considered. This matter requires extended 
study and the experimental data are reserved for future 
publicatiorf, , 

Th,e commercial value of such treatments of iTiR nlating 
•yarns have proved to be veiy substantial. The utiliza- 
tibn of the products forms the subject matter of another 
paper.from the Bell Laboratories.'* 

Distinctive Characteristics op Ea«h Fiber Species 
The several kipds of fibers exhibit a number‘of 

curious contrasts in the relation of elecfaical behavior to 

.— • • 

*13, Glonn and Wood, This Journal 48, 146, 1929. 
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Fig. 4i —Insulation Resistance as a Function *oe Moistubb 
Content op Textiles 

rp 

1. 'Woolsram ^ 

2. Silk threads purified (O sample 1 • sample 2) 

3. aiUc threads impure 

4. O Cotton threadSt + cellulose acetate threads 

But this is emphatically not the case. With respect to 
electrical properties, we find that the vegetable fibers 
are inferior to the more hygroscopic animal fibers and 
are also inferior to the least hygroscopic variety of 
•commercial fiber, viz., cellulose acetate. To make the 
existing contrast clear we have plotted in-Fig. 4 for the 
several textiles. Log Insulation flesistance vs. Log 
Moisture Content. When so plotted the values for 
each kind of fiber fall approximately on straight lines 
throughout the range of actual measurement. The 
relative position of the curves for animal fibers to the 
right and above that for cotton'* means that the animal 

14. The threads referred to are approximately, but not pre¬ 
cisely, of the same size. This variable is by no means sufficient 
to account for the higher position of the animal fibers as com*- 
pared with cotton. 
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fibers have the better insulating qualities ifl spite of 
higher hygroscopieity. ^ 

o The slopes of'these lines have»an even greatebsignifi- 
cance for they indicate the relative sensitivity of the 
fibers to an increment of moisture. Since the slope for 
the animal fibers is grealter, it is evident that the animal 
fibers are more sensitive'felectrically to moisture than 
cotton. .’tJnder a given set of conditioi& they are not 
only wetter than cotton, but are more sensitive to the 
effects of further increiyents of moisture and yet they 
have a higher insulation resistance. 

In one respect alqpe can we say that cotton is 
4 )referable as an insulating material. It has'the merit 
pf being niore nearly uniform in behavior under a 
variety of weather cojiditions.- When the amount of 
moisture taken up from the surrounding atmosphere 
by silk or wool is doubled, the electrical leakage in- 
creases by a factor of 50,000 to 100,000, while-that for 
, cotton rises by a factor of only 600. 

The position and slope of the values for cellulofe 
acetate are of great interest as the curve coincides with 
that for cotton, in<£cating that moisture affects these 
tw£> fibers in a very similar manner. The- essential 
elecMcal difference between these two appears to be 
satisfactorily accounted for by the fact that cellulose 
acetate- absorbs less water than cotton at any given 
relative humidity of the atmosphere. The conversion 
of cotton which is essentially cellulose into cellulose 
acetate by tj[ie process of acetylation, has, as could be 
predicted on chemical grounds, reduced its hygroscop- 
icity but apparently has not modified its structure 
greatly. Cellulose acetate » therefore put in a sub¬ 
group rather ffian in an independent classification. 

We are justified on chemical grounds in classifying 
th» fibers in the same way which we have found to be 
convenient for discussion of their hygroscopic and 
electrical properties. How much importance should 
be attached to this correspondence between the chemi¬ 
cal and electrical classifications cannot be determined 
at present. However, the correspondence seems sug¬ 
gestive and deserving of a brief discussion. The first 
class, that of abilmal fibers, has a common chemical 
nature in that tiiey consist largely of proteins. 

That their common protein character is responsible in 
some way for the properties of principal interest from 
the insulating standpoint is rendered the more probable, 
by the close resemblance of silk and wool, as shown by 
the approximate parallelism of their curves in Fig. 4. 
This resemblance is shared inconsiderable measure .by 
other hairs than wool. • 

The second class of fibers, coming from the vegetable 
world, are alike in being composed of cellulose, a sub¬ 
stance like the protein in having a high molecular weight 
but unlike it in tbat its polar groups are hydroxyls 
which have *a faintly addic rather than alnphot^c 
nature. These are the groups in cellulose with which 


watffl: is likely to associate itself. Such data as are 
available concdning vegetable fibers other than cotton, 
notably linen^ ramie, manila hemp, and wood pulp, 
indicate a strong resemblance not only chemically but 
hygroscopically and electrically. . „ 

The sub-class embracing only cellulose acetate as a 
commercial fiber is chemically more neutral and non¬ 
polar in type than other cellulose fibers, with which 
fact it is reasonable to*associate its lower hygroscopieity 
and consequent batter electrical characteristics. It is 
probable that..,cellulo8e nitrate and cellulose ethers 
wiU be found to fall in this class but artificial silks other 
than cellulose acetate , absorb more water and appear 
on chemical grounds to be better classified with the 
cellulose fibers of natmal vegetable origin. 

The fact that the electrical characteristics of the two 
classes of fibers as affected by moisture appear to be 
specific properties of the substances involved suggests 
some highly regular distribution pattern of conducting 
water‘paths determined by the chemical or physical 
(colloidal) structure of the material. Such a regular 
pattOTi may involve only ^ater condensed upon* the 
surfaces of the elements of structure in such a way 
that the thickness of the film varies-rregularly from 
point to point through the material. Accumulation of 
water at thick points would have little electrical effect, 
while that in thin portions would be veiy significant. 
An alternative regular mode of distribution would 
involve water in part dispersed in solution or chemical 
combination within the units of structure of fife material 
and in part in fairly uniform thin films on thds sur- 
• faces, in which case the latter would have the major 
electrical consequence. While such a regul^ form of 
distribution seems preferable, it is perhaps not the only 
way of accounting for the electrical properties observed. 


ARCING LINE CONNECTORS 
CAUSED INTERFERENCE 
A baffling case of radio interference caused much 
distress to the citizens of Albert Lea, Minn., some 
time ago. The interference manifested itself as a con¬ 
tinuous sound, obviously caused by a maintained are. 
It was finally located by means of a portable set inside 
of a sleeve clamp connecting an al uminum to a copper 
conductor on a transmission line on the outskirts of the 
dty. The hole in the connector for the reception of the 
aliiminum conductor was lined with al uminum and the 
hole for the copper conductor was lined with coppia*. 
The man who installed the connector reversed it so that* 
the contacts Were between unlike, instead of likA, 
metals. Corrosion occurred in the course of-time, 
until finally an ajcing oontact was established. When 
tiifi connector was replaced the interference ceased, thus 
terminating a prolific source of radio complaints.— 
Electrical World. “ - 
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' Interesting Features of Development and Operation 
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Synopsis,—The rq^id growth of the Southeastern Power & Light system As noted. Long forecastSf opePating methods and new 
plant designs are discussed briefly, ^ 


A mong th« larger groups of publicvtitilities, the 
Southeai^m Power & Light Company is searcdy 
more than an infant. Organized in 1924, the last 
important changes in its structure were made only a 
few months past. The, gefleration reported for 1925, 
* 1926, and 1927 were approximately 1.2, 2.0, and 2.2 
billion kw-hr. The increase in 1926 over 1926 was 
largely due to the addition of the Georgia companies. 

Advantages prom Interconnection 
* During its short life there have been realized for its 
subsidiaries many important benefits from physical 
interconnection and coordinated load dispatching. 
Improvement in •economy of operation* has been se¬ 
cured, first, by carrying the load of small communities 
o^er lines from sources of low cost of generation, and 
second, by .coordinated use of hydro plants of the 
storage and ruh-of-nver type and of steam plants, and 
by construction of new plants in units of large capacity. 

• Improved Service fias been secured through better 
intereonnections and increased number of sources of 
power.. The advantage to the load districts resulting 
from service from a number of lines from different 
directions is -easily appreciated when it is noted that 
severe meteorological disturbances do not often occur 
simultaneously over a wide area. Usually only a nar¬ 
row zone is affected by wind storms of such severity as 
to disable a circuit so that it cannot be reclosed after 
tripping. Similarly storms accompanied by severe 
Tightniug.usuatly. travel over the country so that these 
disturbances are no't simultaneous over wide areas. In 
general, the larger loads are supplied by lines and 
plants of such capacity that service is maintained even 
if more than one line is out of service. These facts 
explain the great improvement secured by building lines 
supplying the same area along routes separated from 
eafih other. 

, , System Planning 

Extensive surveys of load prospecti in every section 
ef the territory have been projec^pd several years into 
the future. Although it is known that the best of such 

*Superintendent of Production, Alabama Power Company, 
Birmingham, Ala. . 

'Pretented at the Regionql Meeting of the Southern District No. 4 
of the A. I. E. E., Atlanta, Ga., Oct. SS9-81,1928. Complete eopHta 
upon request. 


estimates will miss the final development the location of 
important water power sites is Imown, the extent of 
coal fields and coal qualities ar^fairly well known, and ' 
the major trunk lines for the system have already been - 
built. With this foundation, a study o| load densities 
for the various sections of the sj^tem, extending ten or 
twelve years into the future, is of value prindpally to 
prevent lUiy construction which would not fit witii good 
economy into the fimal set-up. This being secured, the* , 
procedure resolves itself into making definite plans to 
c£ue for load conditions two years in advance. 

In genial, the hydraulic structures being built for 
this system have a relatively high factor of safety, due 
to the point of view of the engineers, and, no doubt, N 
partly to the comparatively short history of stream 
fiows resulting in a greater uncCTtainty as to maximum 
fiow to be expected. 

The d^ign of Jordan Dam which is located about 18 
mi. down stream from Mitchell Dam on^the Coosa 
River makes use of a variation in forebay level and the 
buttress type of power house which may be of interest. - 

Descriptions of the Thuriow back-water suppressor 
installed at Mitchell Dam have been published.* It 
is only necessary to note that tiie use of the suppressor 
will maintain normal head on the plant with flows up tp 
170,000 cu. ft. per sec. at which'flow the tail race is up 
about 15 ft. 

The design at Jordan Dam takes advantage of this^ 
feature and raises the forebay level 7 ft. to compensate , 
for tail-race rises at high flows. 

The normal tail-race level at Mitchell Dam is at 
elevation 282 to 283. The spillway at Jordan is 1122 
ft. long witb 612 ft. open at elevation 283? The 
remainder is controlled by 17 gates whose crest is at 
elevation 290, each gate bdng 30 ft. long and 18 ft. 
deep. 

Witii a stream flow of 52,000 cu. ft. per sec. approxi- 
matdy 17,000 cu. ft. per sec. may bft used through the 
four 36,000-hp. wheels and 35,000 cu. ft. per sec. will 
flow through the open spillway section bringing the 
forebay levd to the elevation 290 and actually increas¬ 
ing the head on the plant. It is expected that this 
seven-foot rise in the forebay level will compensate for 

" "■ ' I ■•-I— A 

♦*‘New Developments in Hydroelectric Power Plant Designs,” 

A. Simit, Amer. Soo. Meeli* Eng. Trans.^ VoL 44, p. 
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tiie tail race rise up to stream flo^ of 75;000 cu. ft. 
persec. 

^ « It is apparent that while 288 is the elevation for the 
, tail race at Mitchell Dam and also the open spillway 
at Jordan, the backwater suppressor at Mitchell 
Dam will maintain full hedd against the rise of seven 
feet. , „ • * 

In addition to this, the open spilllvay avoids the 
necessity 'for operating spillway gates except for flows 
above 52,000 cu. ft. persec. 

A general idea of the buttress type power house is 
shown in Fig. 4. AJ each end of the building and be- 
tween units, buttresses«extend from the upstream face 
, of the powerhouse to the solid masonry between, draft 
tub^, thus carrying the greater part of the load on this 
, sectioji of the <fam. Such design pefmits.the location 
of units 40 ft. nearer the face of the dam, and shortens 
'' the penstocks'by that distance. 

f* ^ 

' * * Steam Plants 

^The use of either 600-lb. or 1200-lb. pressure of steam 
with reheat cycles*and the combined cycle of mercury 
vapor and steam has had wide publicity and plants 
^ using these cycles are increasing in number with a 
possiblo trend to neglect 600-lb. pressure and step from 
400-lb. to 800-lb. or 1200-lb. pressure. 

The most recent unit under construction on this 
' system is designed to use 400-lb. pressure at the turbine 
throttie, a steam temperature of 726 deg. fahr., and a 
net econoDo^^ of the plant for a year’s output of approxi- 
.mately 16,000 B.t.u. per kw-hr. On account of high 
•temperatures of circulating;,water at Gorgas, this unit 
was designed for best efliciency with 2-in. back pressure 
^ it the exhaust nozzle. Some of the essential features 
'* of this unit are as follows: 

,'l^irbo generatol^-6G,000-kw., 90 per cent power 
f^tor, 13;800-volt, single-shaft, 1800-rev. per min., 
d'osed generator cooling system using raw water for 
cooling^ 

Turbme—^three valves 17-stage with 4 bleed points 
for heating the feed water to 360 deg. fahr. at 52,000 kw. 
load and a B.*t. u. rate chai^eable to the turbine— 
11,360 B. t. u. per kw-hr. at that load. 

The unit is built for a maximum load of 66,667 kw. 
at umty power factor. Steam will be supplied to this 
tobine from two boilers, each rated at 3040 hp. and. 
equipped with pulverized fuel burners and fanp of 
sufficient capacity to secure a maximmn rating of 
460,000 lb. per hr. 

_ It was foimd that the increased capacity of the tur¬ 
bine and slight increase in efficiency more tLan com- 
pei^ated for the added cost of valves and fittings 
designed for 600-lb. pressure over those for 400-lb. 
pressure. , 

The use of air preheaters and a correspondingly Hgli 
temperature of gases leaving the boiler surface with the 


high pressure used showed good economy in the use of 
the foTirth bleed point for feed water heating. How¬ 
ever, on accOunt of crowding of piping and heaters and 
co^quent difficulty ip operation and maintenance, 
it is likely, that the next unit will use Only three" bleed • 
points for feed-water heating. 

Lines and Tie-in FacEiITibs 

Lines are always deigned for economy based on load 
and use factor but the necessity fdr carrying loads with 
one or more^rcuits out results in a system which is . ^ 
niore or less flexible and which, under certain con¬ 
ditions, makes a ma:&mum use of regulating equipment 
such as synchronous condensers or spare generators 
operated as condensers. 

At this time 125,000-lc\r-a. capacity in synchronous ' 
condensers is installed,at advantageous points on the 
system. One of these hawng a capacity of 15,000 
ky-a., located at Lindale, Georgia, is equipped with a 
high-speed excitation system. A 90-mi. line from the 
U. S. Government plants on the Tennessee River to ' 
Gorgas, near Birmingham^ has been in operation at 
164 kv. for some time. A 133-ihi. line from Martin 
Dam to the Atlanta district is spaced ^nd insulated for 
the same voltage. Three of the ne^er hydro plants, 
the last of which will not be in service until next yeacr, « 
were designed for high-speed excitation. . * 

In a system so extensive and having generating 
plants using stream flow var 3 dng so-greatlyj^Jrom season 
to season or over a cycle of years the securing of high 
load factors on transmission lines is extremely difliicult 
and increased losses, due to overloading under unusual 
conations, must be accepted in place of the cost of 
additional copper and a lower use factor. 

The combination of run-of-river and storage plants, 
served by the same lin^, is, in general, advantageous, 
but extreme conditions arise under which it is not 
practicable to transmit with normal losses the output 
from these plants to the load. ^ . 

Reports from individual plants show the details of 
operations. Steam-plant reports include a heat b^ance 
for the day's operation, and hydro plant reports show a 
record of water used, stored, or passed over the spillway. 

At the hydro plants records of the operation of the 
wheels at the gate opening used and the discharge 
through the spillway gates are employed to check tiie 
stream-flow gages. For some time there has been in 
progress a series qf tests which will include** one uilit of 
each of the various sizes and manufacture. To date 
these tests have been ef high value. 

It is often possible to install at the time of testing a 
pair of piezometers in the penstock and scroll ease so 
arranged that 1^e/iiff^i*ential may be determined by the 
uiie of a manometer and the values plotted in terms of 
water flow and thus be available for check runs at any 
later date. '' - 
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It is found that a careful audit of strgam flow and 
water use, especially for flows less than the capacity 
of the plant, is of real value in securing maximum 
^ output or maximum time operation at gate open¬ 
ings of high? efficiency. This, of course,'•implies a 
nice cooperation between plant operators and load 
dispatchers. ^ 

Load Dispatching 

The load dispatchfers must be responsible for co- 
. ordinating *the^ entire system, not orfly^or daily and 
weekly runs but they must follow through for an en¬ 
tire year or even a cycle of two. on three years. 

In general, the run-of-river hydro plants are operated 
on the base load whenever ihe stream flow approaches 

• the capacity of the plant. During the dry weather 
such plants are operated on a daily or iveekly cycle to 
secure the maximum ou^ut in hours of peak load. 
On the other hand, those hydro plants supplied from 
storage'reservoirs will be operated on a schedule based 

’ on stream-flow variations for a year or even morO, and 
effort* is being made to hav^full reservoirs availa|?ie for 
the dry season of each year, including a year of low 
stream flow. This will permit replacing <some of the 
loss of capacity a* the run-of-river hydro plants result- 
, ing from extremely low stream flow. 

The steath generation will vary widely from a mini¬ 
mum during wet weather seasons, when run-of-river 
plants are ^carrying; full load, t<i a maximum during 
■* periods of lowest stream flow. 

Topical plant operation during a wet and a dry day 
in a’year having ordinary seasonal stream flows is 
shown on ^igs. 2 and 3. 

Fig. 2 shows conditions in October of 1927 when the 
storage plants existing at that time were being used for 
a con.siclei'able output to supplement the run-of-river 
plants at which the stream flows were low during that 
month. The steam plants operated throughout the 
Jwenty-four hours of the day together with run-of- 

* river energy purebred from the government at Muscle 
Shoals, which plant was available only on a ba^ of 
constant output. The‘other run-of-river power was 
blocked int& the daily peak together with most of the 
output from the storage plants. 

In a .sharp contrast to this. Pig. 3 shows the daily 
loGd diagram for March of 1928 under conditions which 
may be termed normal in wet weather. Storage at this 
time.was being built up, and the most efficient steam 
plants were being run for a half miBion kw-hr. daily, 
as shown, to carry the load wijih the output from 
the run-of-river hydro plants and a small output 
from the storage plants. ’Stream flow into storage 
above lhat used by the plants is plotted above the load 
curve. . , * * 

The output from the storage hydro plants of the sys¬ 
tem in service in 1927, secured by a maximum draw¬ 
down was approximately 230,000,000 kw-hr. 
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The use of Upper and Lower Tallassee plants, the 
first finished in June 1928 and the latter to be put into 
service ia 1929, will inePease this outpift through the * 
use of water stored at Martin Dam by approximately 
130,000,000 kw-hr. so that the ou^ut from stored water 
in 1930 will heave nearly the same ratio to the total load 
at that time as shown in these ioa^ diagrams. . • 

The maximum hourly load carried by the storage 
plants in 1927 is shown as 166,000 kw. vpith fairly long- 
hour use. Capacity available m 1930 will be double 
this amount with provision in the hydraulic structures 
for 80,000 kw. additional which may be installed when 
the proportion of steam generating capacity has greatly . 
increased and the storage plants are pushed higher into , 
the peak. The economy of sucji added capacity at 



Fia. 2—Load Curve—Ttpical Dat, Normal Drt Month, 


the hydro plants is based on a cost of construction of 
about 50 per cent of that for steam units. 

This cost does not include the lines and tie-in facili¬ 
ties and therefore some advantage would be lost if 
the peak loads to be carried were served over new cir¬ 
cuits at a greater distance in the case of hydro units 
than for steam units. 

Seasonal Maintenancb oi^ Equipment 
On a system where the only source of supply is from 
steam plants, t^ere is necessarily provided sufficient 
capacity so that units may be available in turn as 
required for inspection. Practically all operating 
companies make it a pracl^ to inspect the large tur¬ 
bines once,ev^ year. On sudi systems, it sometimes 
happens that the load demand approaches capacity 
so closely that the inspection must be made during 
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seasons of low demand, thus making all equipment 
available for operation during the yearns peak.^ 

In cpntrast with this, it is* interesting to note the 
s^edule of inspection and maintenance possible where 
rae plants have a fairiy definite seasonal requirement. 
On this system turbo-generator units at the steam 
plants .are schedulfid for inspection during , the wet 
month ‘of-the year, which are included in January to 
June. During this time, besides the regular dis- 



to overhaul pompletely the moving parts from the ' 
servo-motora to and induding the wicket gates^ every 
twelve to fifteen years. ‘This work includes the re¬ 
placing of worn liners,'^bushings, rings, pins, wdding 
up the sh^ts of wicket gates whicn may be worn, and, 
in general, bringing these parts of the machine prac¬ 
tically to a new condition. 

By carrying on ntaintenance as far as pradcicable 
during the season of low generation at the steam plants 
a further benefit is secured, namely, the reduction in 
labor tum-oVfer and a more advantageous use of the 
force of men necessarily continuously employed at 
the steam plants. * 

Modern steam-electric umts should be available for 
use 86 per cent of the time. With spare units available 
to permit inspection and repair, the factor of avail- 
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^mantling and inspection, any pre-scheduled major 
repairs are also undertaken. Similarly the work on 
the hydraulic units at the run of river plants is under- 
token during the dry months when only a portion of the 
installed equipment is needed to use the entire stremn 
flow. 

• Repair op Wheels by Electric Welding 

Very rapid pitting of cast iron runners at one of our 
plants brought ab^ut conditions calling for extensive 
repairs by welding. Cast steel inserts of considerable 
size were used and the metal of tie Wheel surrounding 
toese was built up to normal thickness by electric 
welding. 

The results of this work have emphasized to our 
operators toqt repairs shoulS not be delayed ip the hope 
that the pitting wiU cease as a natural course of events. 

Besides such maiatenance work, we find it necessary 



Fia. 4 —^Jordan Dam Power House 
T ransverse cross-section through center line of unit 
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ability, when required, should approach IQO per'^cent. 
By means of scheduling inspection as outlined above, we 
have obtained a factor of availability, when required, 
of 99 per cent tor three years, and of 99^ per cent for 
the year 1927. r 


Hydraulic Structures ' 

Throughout the history of the subsidiary companies 
of the Southeastern Bbwer & light Company there bas 
never been any necessity- for repairs to hydraulic 
structures at any of the major plants. 

In the foregoing pafagraphs we have touched very 
briefly upon those features of system «rtension, opera¬ 
tion, and maintenance which ^[eem to us to present 
points of at least passing interest. ' 


<*■ > 
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Autordatic Reclosing High-Speed'Circuit Breaker 

Feeder Equipment For D-C Railway Service . * . 


A. E. ANDERSON* 
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Synopsis» — HigJ^speed circuit breakers have been used in both 
feeder ^nd machine circuits of railway substations. It is the 
purpose of this paper to point out some of the advantages gained by 
placing this type of breaker in the feeder circ%ii and also to describe 
some of the more common types of feeder equipment using a weU^ 
known form of l^^h'-speed circuit breaker. A bt^ef summary of the 
breaker characteristics is given, together with the results of shorir 
circuit tests made on SOO-volt reclosing feeders employing this type 
of breaker. 

The redosing action is ordingrily obtained by means of a relay 
which, in conjunction with a load indicating resistor, measures the 
resistance of the external circuit. In order to permit feeder condi¬ 
tions to reach a stable value and particularly to enable all transient 
and counter e. m. f. effects to disappear before the reclosing devices 
are given control after the opening of the breaker, the action of this 
relay is purposely delayed. The latter effects usually disappear 
within a few seconds of the opening of the breaker on the usual type 
of railway circuits. In a majority of cases a time delay of 10 to SO 
seconds (after the opening of the breaker) elapses before the redos- 


(9 » 

ing devices are given the control of the hrc:iker. After this time de- . 
lay has expired and load conditions have reached the desired value, 
the circuit breaker is reclosed. 

In some cases, especially for sectionalizing purposes, it has been 
found satisfactory to take the redosiny' indication and control from 
the load side of the breaker. This feature requires that some other 
breaker undertake the reestablishment of. 4 )oltage on the load circuit. 
By means of supervisory control the mnge of such equipment can be^ 
extended so as to pick up a dead section during abnormal operating 
conditions. j 

A majority of SOQO-volt'installations has bee» made in connection 
with main line electrificalion where the desired redosing operation is 
a combination of load-indicating and load-limiting fundions. 
Voltage increments on the load of too large a value may increase the ^ 
tractive effort to such values as to catise whed slippage of the looo- 
nfkotive, or snapping of draw-bars; consequently the load voltage is ^ 
raised in graduated steps by progressively short-circuiting portions 
of load-limiting resistors placed in the feeder circuit. 

* m 


Characteristics op the High-Speed Air Circuit 

’ Breaker 

• 

HE typD of •automatic reclosing equipment de¬ 
scribed in this paper makes use of a well-known 
magB«tically4xeld high-speed air circuit breaker. 
A bi^ef explanation of this tsrpe of circuit breaker, as 
illustrated in Fig. 1, may aid. 

The breaker is a self-contained device. It is closed 
by meand of a closing or reset coil which seats an arma¬ 
ture against the pole faces of the holding magnet. 
During this operation, the auxiliary contacts move 
between the positions corresponding to the open and 
closed positions of the breaker, but the main contacts 
do not close until the closing or resetting mechanism 
is returning to the open portion. Due to this function, 
which is obtained by a suitable system of levers, etc., 
the^reaker is free to trip during the doting operation. 

A set dt springs is attached to the moving contact. 
These springs exert a certain amount of opening force 
when the breaker is held in the closed position. 

The breaker may be opened in two ways; (a) by 
decreasing the holding coil current, or shunting flux' 
frona the .holding armature; (b) by decreasing the 
hofding coil current, a point is reached where the 
opening springs overpower the holding effect and the 
contacts consequently open. Tlxe breaker is tripped on 
overcurrent by means of a'trip coil or bucking bar which 

1 . Switchboard Engg. Dept., General Electric Co., Philar 
• delphia,Pa. , • 

Presented at the Winter Convention of the A. I. E. E., New 9ork, 
N. Y., Jan. S8-Peb. 1,1989. Complete copies upon request. 
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is so placed in relation to the magnetic circuit as to shunt 
or transfer enough flux from the armature, thereby 
decreasing the holding effect and allowing the contacts 
to be opened by the opening springs. 

The holding coil is connected in shunt vrith the source, 
which Axes the polarity of the holding flux. In order to 
shunt the flux set up in the armature by the holding 
coil, the current in the tripping circuit must flow in "a 
certtin direction. If it flows in an opposite direction it 
merely tends to increase the flux in- the armature aa 
already set up by the holding magnet. Due to Jiihis" 
relation of the magnetic circuits,-the tripping chacac- 
acteristic of the breaker may be said to be polanzed, 
and in order to trip the breaker current, must flow i^ a 
given direction in the line. 

Advantages op Placing the High-Shbed Cirodit 
Breaker in the Feeder 

Fig. 2 shows a typical installation of high-speed 
circuit breakers as part of redoting feeder equipments 
in an automatic substation. By placing these breakers 
in the feeder circuit it is possible to remove any suddenly 
applied overloads or faults without any serious effect 
on the remaining feeders supplied from tiie station. 
The feeder handles its own circuS^ conditions without 
reflecting them back to the machine, which might cause 
the insertion of> steps of machine load limiting resistors, 
reduce the voltage on the remaining feeders, and con¬ 
sequently decrease the car speed. 

If conditions warrant tiie use of a high-speed circuit 
breaker in the madiine'xnrcuit, together with corre¬ 
sponding breakers in the feeder circuits, it is possible to 
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select the trip points and the dismtflinate so as t?> per¬ 
mit the feeder breaker to trip first. 

There are conditions when the machines in^n auto- 
, '’matie substation are shut down; for example during 
li^ht-load periods; but the feeder breakers are closed so 



y Fio. 1 — 600 -Volt D-c. 2000 -Ampeeb Maqnbticallt-Hbld 
Hioe-Stbbb Aib Cibcbit Bbbaebb 


more breakers in series (at different substations) with 
the fault current fiowing through them in a direction to 
produce tripping. Due to. the-decreased voltage across 
the holding coil of the breaker nearest the fault, it will be 
found that its trip poin? is reduced belo^ that (A the « 
breaker nearer the source. This results in tripping the 
breaker nearest the fault and isolates Only that section 
of the system on which the fault occuto. ^ 

As contrasted with slower forms of circuit inter¬ 
rupters, the use of a high-speed circuit breaker results 
in a material reduction of the peak current of the faulty 
feeder. A comparison of the interruptifig characteris¬ 
tics of common fo^ms of air circuit breakers is given 
more fully in the comments pertaining to Fig. 5. 

The trip-free characteristip of the high-speed breaker 
permits it to be closed on heavy overloads or faults 
where the redosing relays are in the open position. 
Contrary to the indication of the reclosing devices the 
breaker in such cases may be closed by means of super¬ 
visory or manual control. 

DBscRipnoN OP 600-Volt Feeder Equipment 
High-speed air circuit breakers were first applied to 
d-c. redosing service over five years ago. The construe- 


that the station bus becomes a tie point between the 
' feeders, some of whidi may be feeding power into the 
bus and the balance fee<fing outwardly. All feeder 
breakers in fhis case are connected so as to trip only on 
outgoing current. This inherent polarized tripping 
characteristic of the breaker»has been described above. 



" PiQ. 2 —^Automatic RacLosiNa Hioh-Stbbd Cibcvit 
Bebakbb Fbbdeb Eqtopmbnts as Installed in a 600 -Volt 
Automatic Railway Sotstation 

When a fault occurs on one of the feeders, only that 
particular feeder is tripped, ance the remaining feeders 
are either carrying current below their tiip points or 
dse the current is flowing thrpugh their trip circuits in a 
reversed direction. • • 

Otiid* operating conditions may sometimes find two or 



Reolosino Fbbdeb 

For 600>Tolt service using a oontinuoiis l<^d indicating sch^e and 
suitable for stub-multiple feed in eithfo* direction ' ' 

* 

■ tion of this type of equipment is illustrated in Fig. 2. 

A design of redosing feed^ udng a continuous load 
indicating scheme is indicated in elementary form by 
Pig. 3. The redosing relay No. 182 is of the so-called 
. “balanced” t 3 ^e. The restraining (or opening) coil is 
connected across the load-indicating resistor. The 
actuating (or dosinj^) coil is cormected across the sotlrce 
of voltage. With a short circuit on the feeder, the 
restraining coil has fall operating voltage impressed ' 
upon it. This action causes .the contacts of No. 182 to 
open and remain open. Some time later, as determined 
by the setting of the time delay relay No. 102, the 
actuating coil is connected aa*oss the operating source.' 
Bolh the actuating and restraining coils now have full 
operating voltage impressed across their respective 
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circuits. The relay (No. 182) is so adjusted that under 
this condition the restraiping coil overpowers the 
actuating coil and the relay contacts remain open. As 
the load resistance increases, the voltage drop across the 
load mdicatiig’ resistor decreases. This decrease also 
takes place acroi^ the restraining coil; consequently, a 
predetermined load value is reached where the actuating 
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02 aoon 0.006 0 . 0 O 8 0.010 0.012 aoi4 
Tim® C5«conds) 


FiGp 4—Hi^ih-^pebd Am Cibouit Bbeakeb 

Opening a short drcuit at 600-yoltB yith different combinations of machines 
suppl^lMg power. ^Beslstance of exttaal circalt 0.002 ohm 


Curve 

No. 

Kw. cbnuccted to 
station bus 

Maximum rate of 
rise, amperes per 
second 

• 1 

2.000 

3,060,000 

2 

4.000 

4,260,000 

3 

G.OOO 

6,660,000 

4 

7,000 

6,060,000 

5 

8,000 « 

7,400,000 

6 

10,000 

7,600.000 

7 

11,000 

7,000,000 

8 

12.000 

7.000,000 


coil overpowers the restraining coil and tiie relay con¬ 
tacts close. The latter operation energizes an auxiliary 
relay, No! 182-X, which in turn closes the circuit 
breaker. No. 154. The reclosing relay. No. 182, is so 
adjusted that it operates at a fixed voltage ratio over a 
<yide range of operating voltage. By this characteris¬ 
tic, the feeder redoses on a fixed value of load resistance, 
regjirdlessjjf the value of the source voltage. In case 
another station is supplying the l(*ad (multiple feed), 
. when the same voltage ratio is obtained the feeder 
redoses. 

Control power is obtained from either side by means 
of th6 voltage directional relay. No. 191, and its auxil- 
.iary. No. 191-X. An isolating contector No. 129, is 
used to disconnect the load indicating resistor when4he 
feeder is taken out of service, by opening the control 
power switch No. 108. 


Results op Current Interrupting Tests on 
, 600-Volt Reclosing Feeder 
An extensive set of tests was made on a street railway 
property using the type of feeder as illustrated in Fig. 2. 
One feeder was installed in a station where theconnected 
S3michronous converter capadty' (25 cycles) could be 
varied, in certain steps, from 20004o 12,000 One 
set of t^ts was made in which the short circuit was 
applied inomediately outside the station, giving an 
external drcuit resistance of 0.Q02 ohm. The results 
of these tests as given in Fig. 4 show that the peak 
cmrent increased as the coimect^ machine capadty 
increased from 2000 to 6000 kw. From 6000 to 12,000 
kw. there was no corresponding increase; in fact most 
of the peak values were slightly under the peak value" 
correspondiog to* the 6000 kw. condition. This same 
type of breaker has successfully interrupted currents as 
high as 61,500 amperes at 600 volts. 

The comparative time-current tripping characteris¬ 
tics of the high-speed and other more common forms of 
drcuit breakers may be obtained from Fig. 5. These 
tests were made at 600 volts, with the same external 
circuit conditions and with the same amount of con- 
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Fig. 5—CoaiPARATivE Timb-Ctorunt Tripping ^ 

Charactbristios 

Of correspondingly rated magnetiicsJly-held hig^^speed drcuit breaker 
(Ourve 1), meclianically latched circuit breaker with fast moving parts and 
magnetlo blowout on arcing contacts (Ounre*d), and mechanically- 
latched circuit breaker with carbon arcing contacts (Curve 8). Tests were 
m ade with the same external drcuit conditions and with the same amount of 
connected power 

nected conversion apparatus. Curve 1 shows the time- 
current tripping characteristic of the high-speed drcuit 
breaker as illustrated in Fig. 1. Curve 2 is the corre¬ 
sponding characteristic of a raatively fast panel- 
mounted mechanically-latched circuit breaker having a 
magnetic blowout assodated with the ardng contacts. 
Curve 8 illustrates the corresponding characteristic of 
the usual panel-mounted air circuit breaker (mechani¬ 
cally-latched) having carbon ardng tips. 

• DBScattPnoN OP 1600-Volt Feeder EQxnPMBNT 
High-speed drcuit breakers have been applied to 
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1500-volt redosing service. Such an equipment, as 
illustrated in Fig. 6, mak^ use of the continuous load 
, indicating scheme as outlined m connection Wh Mg. 3. 
, Another application of this type of equipment has 
been made to cross-tie and sectionalizing points. 
Mg. 7 illustrates a t^ical system consisting of three 
generating stations^ designated as Nos. 1, 2, and 8, 
feeding, four track drcuits. At convenient points 
along the System there are installed certain cross-tie and 
sectionalizing buses. This arrangement results in con- 



yia. 6—1600 -Volt, 2000-Ampbbid B-C. Rbclosing Fbbdbb 

f TTgfiig a high-speed circuit breaker and a conttnuous load-indicating 
adi^e. drcait lireaker and load-indicating resdstor cOxotm respecfly^yf 

to Ine right and left of the panel • 

# • 

fining the fault to a particular section without a loss of 
service on other sections and, in addition, permits the 
feederandtrolley copper to be used to advantage diuing 
normal operating conditions. 

if a short drgiit should occur on Track No. 1 in the 
section fed from station No. 2, not only will the corre¬ 
sponding'feeder breakOT at station No. 2 be tripped, but 
also the two breakers which feed each end of the faulty 
section from the adjacent cross-tie and sectionalizing 
buses will be tiipped. The selective operation of the * 
breakers at these points is obtained by having them tiip 
on outgoing cuirent^nly, which is readily available due 
to the polarized Gripping characteristics of the tirpe of 
high-speed breaker covered by this paper. Anotiier 
diaracteristic used advantageously in such an installa¬ 
tion is the reduced holding coil voltage of the breaker 
nearest the fault. This characteristic, together with 
current flowing in the proper'direction, gives the desired 
sdectiyity. 

The breakers usually reclose when voltage has been 


reestablished for a definite time on the faulty section, 
either by the" station breaker or by the sectionalizing 
breaker at tlie other end of the section. By m^ns of 
supervisory contiol it is possible also to reclose the 
sectionalitiug breaker from its corresponding bus. 

The stub feeders at the end of the si^stem obviously 
obtain their control from the bus at alb times. Those 
feeding in multiple with other feedera can reclore from 
the bus (by means of supervisory control) or in response 
to voltage restoration, on the track'circuit. The normal 
reclosing opei^tion is on voltage restora^on." 

Description op 3000-Volt Feeder Equipment 

The application of'reclosing feeders to 3000-volt d-c. 
railway circuits includes a number of problems not 
encountered at the lower voltages. Principal among 
these is the fact that this voltage has been applied to 
main line electrification with long trains and also with 
longer distances between stations. Tests have been 
made, in the field, showing that if, too large a voltage 
increment is placed on the locomotive, there is danger of 
suddenly increased tractive-effort which will cause the 
wheels to slip or the draw-bars to snap. 

The investigation of this problem^ has led to the 
development of a combined load-inc(icating and load- 
limiting feeder. The load-indicating resistor determines 
whether a short drcuit exists on the feeder and if load 
conditions warrant redosure. If so,'^the load-indicating 
resistor is short-circuited, leaving the lower ohmic- 
value load-limiting resistor in circuit. The-purpose of 
the latter resistor is gradually to raise the feeder volt¬ 
age by suitable increments. 

In this way the ioad-limiting portion of this type of 
feeder serves as an accelerating resistor., <The most 



Fiq. 7 —^Ttpioai. Omi-LiNa Diaqbau Showino 

or Cboss-Thi and SnoriONAUZiNa Cibooit Bbbakxbs 

To a four-trade system. Ourrent must flow away feom cross-tto and 
sectiouallzing bus in order to trip circuit breaker on faulty section 

severe condition is one where the locomotive is in full 
parallel outside the station and is being fed from'’the 
rmote station. The difference in voltage across the, 
open terminals of tiie feelosing feeder breaker, is equ?il 
to the. drop in the poative and return from the remote 
station. Such differences in voltage may be as hi^ as 
1200 volts. Unda* tiiese conditions, the reclosiilg, 
feeder has to decree this difference in voltage, by 
suitable steps, to zero or, in other words, raise the 
locomotive voltage from 1800 to 8000 volts. 






Aiitomatic Mercury Rectifier Substations in 

- Chicago 


BY A. M. GARRETT* *• 

Associate. A. I. E. E. 


Synopsis* Two automatio mercury-vapor rectifier substations 
hamng^SOOO-kw. 6900-ampere, 600-volt rectifiers are described in 
this paper. These rectifiers are the largest installed in this country. 


The reasons for the section of this type of converting ^equipment 
iiuiead 6f the rotary converter are enumerated. • Information is 
given on the auxiliary apparatus and the control arrangement. 


T he plagmg in service recently of* two mercury- 
vapor rectififfl* substations in, Chicago, automatic 
in operation, marks the 'fourth of a series of 
rectifier iMtaJlations in this vicinity. The application 
of approamately 10 recti^erg to steam road electrifica¬ 
tion service, as well as city traction supply, has perhaps 
made the Chicago District the representative locality 
for this new type of conVfflter. 

The decision to make the latest units automatic in 
operation was based on two fundamental reasons. 



Fig. 1 — 3000-Kw. Mbbovht Aeo Ebotifiisb at Matpolb 
Avbnub Stostation 


* first, to. detennine whether the so called adaptability 
of the' rectifier to’automatic operation would be borne 
out t)y practical experience, and second, to demonstrate 
comparative podformance with the automatic operation 
of the synchronous or rotating converter. Both types 
serve the same class of load supplying 600-volt energy 
to the elevated and surface lines S 3 rstems of Chicago. 

*• Because of the number of rectifiers of the iron tank 
type ori^nally installed in Chicago or vicinity, the sub¬ 
sequent wifie-spread interest in thdy perfonnance, and 
the changes and additions in the latest units, making 
’them more applicable to AmerioBn practise, a word in 
dcplanation of the decision to use this type of unit for 
railway service is necessary. 

1. Engineer of Substations, Commonweatth Edison Company, 
'Chicago, m. * „ 

Pretented at the Regional Meeting of the Middle Eaatem DietriiU 
of the A, L B. B., Cingfnnirii, Ohio, March SO-BB, 19B9. 


^though from an operating point of view this 
decision ip based upon a perforrilance not equal as yet 
to that of the synchronous converter, improvements' 
recently made in rectifiers, togethe* with removal of 
handicap due to.sise, are some of the factors which lead 
us to-bdieve the difference in reliability has practically 
disappeared. 

The usud advantages generally unjierstood to, be 
characteristic of the rectifier are: a converting device 
simple in design and construction; practically no riioving 
or wearing parts; low maintenance and inspection costs;, 
abs^ce of renewal expense and higher efficiencies. In 
addition, the advantages which are outstanding 'for 
rectifier installations when located in metropolitan 
areas are the use of water for cooling pxuposes ingtea d 



Pia. 2—CONTBOB AND PbBDBB SwETCHBOAED, MaTPOIiB 

Avbnvb Substation 

of air, absence of noise and vibration, and the elimina¬ 
tion of massive foundations and ventilating duct 
construction. 

The increased number of fadlitifs reqinred witii the 
installation of the modem converter of the rotating 
type has becon^e a problem and a matter of concern 
from an operating point of view, as wdl as tiiat of 
investment. Whether located in leased space below 
the street level in a comma*dal building, or in a sub¬ 
station building of the conventional t^e generally 
found in the outlying territory, the present synchronous 
converter must be provided with endosures to which are 
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connected extensive space consuming air intake and 
exhaust systems, air cleaning and blower equipment, 
r 'part of which is’fitted in and around massive foimdation 
. werk. These facilities or a modification of them must 
be provided for ventilation of the unit or for noise 
mitigation, or for both. The use of the mercury 
rectifier .appears to fee tfie answer to these problems 
which cannot be solved satisfactorily when the older 
type of converts is used. 

_ The two rectifiers wjiich are of the largest ampere 
fflze installed to date in this country, were manufactured 
by the American Brijwn-Boveri Electric Corporation. 
^This capacity is obtained from a single cylinder ar- 
,f3ng^ with 12 water cooled anodes. The rating of 
unit is 8000 kw.^SOOO^amperes, 600 volts, with 50 per 
, cent oyerload capacity for two hours and ^00 per cent 
load for-one minute. Although nominally knowh as a 
f 600-volt outfit, a no-load tap arrangement permits a 
^ range of voltage^ on the output side of the rectifier of 
575 to 650 volts in steps of six full capacity taps. Tfee 
rectifier which receives its a-c. ena-gy from oil insulated 
• self-cooled transforrfler is operated from the three-phase 
12,000-volt, 60-cycle grounded neutral system of the 
/ Commonw^th Edison Company. The rectifier unit 
together with the 600-volt feeders are fully automatic, 
the 12,000-volt switching equipment is remote con- 
^ Med from the nearest attended substation in the 
temtory. The 12,000-volt supply to the rectifier 
substation is furnished in two lines arranged in a loop 
formation fi^m the same attended substation. 

. The pump equipment for mdhausting the air and 
gases from the cylinder is dififerent from previous units 
in that two sets of pumps are used instead of one, and 
^.the mercury vapor pumps are separated from the 
ro^ vacuum pumps, and are mounted upon the 
rqptifier cylindw making a shorter and more effective 
pipfng arrangement with the condensing chamber. 

^ Becaiwe the mercupr rectifier is essentially a static 
cdnversipn tmit, devices necessary to prepare it for 
automatic operation are relatively few in number. 

“^e starting of the unit is controlled by a time dock 
whi<A can be set at any predetmnined time to place in 
motion the customary control equipment commendng 
with the master control rday which functions in se¬ 
quence to close the a-c. oil breaker, strike the ignition 
and excitation arcs within the cylinder, start the cooling 
water, and dose the d-c. breaker connec ting the unit to* 
the 600-volt bus and the pick-up load that is available. 
Ordinarily the totaT time for this opOTation is less than 
one minute. To shut down the unit the master rday ' 
trips the a-c. oil breaker which tllrough auxiliary 
contacts cuts off the exdtation and tripsthe d-c. breaker. 
To the a-c. breaker operation is added the function of ^ 
redosing the three trials at redosing before locking out * 

after the third attempt. * 

The pumping equipment, whidi is used to maintalh < 
vacuiun within the cylinder, operates independent of i 


I any of the other automatic functions of the unit and the 
, control for this equipment is in operation at all times 
I whether the rectifier is connected to the system dr not, 
- except at such times that the unit may be taken out 
! of s^ce tor repairs or other reasons.' iThis control 
consists essentially of a hot wire gage operating on the 
I Wheatstone Bridge prindple; arranged so that two of 
the arms of the brid^ are subject to^the gas pr^essure 
within the cylinder, while the other two are exposed 
to the pressure of the atmosphere: The difference in 
resistance duec4n difference in pressure caus^ a current 
to flow through a vacuum meter whiefitis calibrated 
to indicate toe vacuum directly in millimeters of 
mercury. This meter also carries contacts which 
control the action of the mercury and rotaiy pumps 
pladng in operation the nfercury pump only when there 
IS a high vacuum, both mercury and rotary pumps when 
a mediuna vacuum exists, a,nd operates the lockout 
relay taking the rectifier off toe system when low 

vacuum is indicated. 

T^e amount of water supplied to the rectifier is 
regulat^ in accordance with the load demands thrdugh 
the registering of toe temperature of toe discharge 
water upon aWermostatic device whicli in turn controls 

the solenoid operated water valves. ^ 

Briefly the entire installation is protected against 
ovwloads, short circuits, overheatijjg of, toe rectifier 
cylinder, failure of toe water supply, failure of toe 

airahary power supply, and highrvoltage surges as 
follows: ” 

Overload relas^s of toe induction type located*^ on'^the 
high-voltage side of the transformer protect against 
overload and short circuit conditions. This action is 
selective wito the d-c. breaks. 

A series of <»ntinuous overloads which may occur 
below toe ^tting of the overload relays and cause 
undue heating of the rectifier, if persisted in long 
enough, is guarded against by means of a thermal 
relay. The rectifier is further protected.against over¬ 
heating by a temperature relay which gives a visible 
v^ng when the temperature.of the cylinder reaches 
w d^. cent, and at 65 deg. cent, locks out the^ubstation. 
Pro^tion is afforded to the equipment in case the 
coohng watCT to the vacuum pumps fails, fuses in the 
supply circuit to the pumps blow, or toe service of the 
supply circuit is interrupted or failff , 

Protei^ve resistance and spark-gaps connected to 
the anode leads ^tigate toe effect of Mgh-voltage 
surges. ® 

^ 8000-ampere Wtestinghouse carbon breaker pro-' 
vides toe switching device tor the output side of the 
umt, as weU as protecting toe rectifier against short 
circuit, overload»and reverse current conditions. 

•Fi^er protection as to overlo'ad and short circuit 
conditions on toe d-c. side of toe rectifier induding, 
selectivity wito toe Westinghouse breaker is provided 
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by ths 06n.6r8l Elsctric inod6r&t6 sp66d breakers witb 
which each feeder is equipped. The‘breakers are 
automatic and redosingdn'action. ^ 

To reduce the amount of sc|le forming matter which 
• may dep<Kit in’ the, water passages around tjje cylinder 
due to roiled or muddy water, the cooling water is first 
passed throu£^ sand filtem. It is expected that the 
amount of deailing of the water chamber will be 
materially reduced. * 

The interior of the substation building is designed to 
meet the requirements of this type of cojiversion unit, 
its auxiliaries^" and switching equipment. Generally 
the arrangement is similar to that, of a rotating unit 


except for the absence of those features mentioned 
before. JThe exterior architecture of the building 
presents^a structure pleasing in outline-and creditable- 
in appearance to the neighborhood. 

The length of time the two units have been in service 
is much too short to gain any information as to opwat- 
ing performance. It may be®sald, however, that the 
two rectifiers were placed in service just 'prior to the 
time the heavy winter load occurs on the traction 
systems, and although subject tq only a short seasoning 
period, the imits have shown good performance up to 
the first of January, carrying at times integrated loads 
almost equal to the rated capacity. 


‘ * Abridgmentof. • * • 

Lightning 

^ Progress in Lightning Research in the Field and in the Laboratory 

BY F. W. PEEK, Jr.* 

PeHow, A. I. E. B. 


. ^I. Introduction * * 

W HILE there is still much to learn, lightning may 
be said to be now at least on an engineering 
basis since it is expressed numerically in volts 
and amperes. It has bedi removed from the realm 
of the “medicine man.” • 

Tjie following indicate how rapid the progress has 
beein The wave shape of lightning has been pictured 
by the cathode ray oscillograph; the time required for a 
cloud to discharge has been measured by the cathode 
ray oscillograph; the attenuation of lightning waves 
traveling on a transmission line has been determined; 
natural lightning waves have been reproduced in the 
laboratory where their effects on transmission lines, 
insulators, insulation, transformer, and protective ap- 
•paratus have been studied at will; a lightning generator 
producing over‘3,600,000 volts has been constructed 
and waves from this generator have been sent over 
transmission lines to test full size transformers and 
other apparatus to determine how to make them 
highly resistant to lightning; scientific work on the time 
lag of gaps and insulation has been extended, etc. 

II. Laboratory Research 

The lAgMning Generaior. Up to the early part of 
1927 the laboratory lightning woric had progressed 
ho far,* that it seemed important to double the 2,000,000 
vdlts available at that tinje. This high voltage was 
desirable so that full size apparatus could be tested and 
results obt ained without extrapolatioji. A 8,600,000- 

•Consulting Enginoerl General Electric Co., Pittsfield, MaSs. 
1. See complete paper for bibliography. 

Presented at the WirUtr Qonveniion of the A, I. E. E., New York, 
N:Y.,Jan, HS-Fcb. 1,1929. Complete copies upon request 


volt generator was built and is in satisfactory operation; 
and an extension ,is now available so that a voltage 
about 5,000,000 is obtainable. (On January 25, 1929, 
after the original writing of this paper, the voltage of 
the lightning generator was increased to 5,000,000 
volts, and laboratory hghtning research'^ started at 
that potential.) 

A radically new method to obtain the very high volt-* 
ages was devised by the author.* The effect is of adding 
two, three, four, or more of the original generators ki 
series at the proper instant so that all of the respective :• 
impulse voltages add together. No rectifiers are used. 
The a-c. voltageisapplieddirectlytoeachunitgenerator. 

Wave Shape. In the first studies of transients, wave 
shapes could not be pictured directly; it was necessary 
to calculate them. The cathode ray oscillograph®- 
now affords a means by which oscillograms can be taken 
readily. It is interesting that these oscillograms 
measuring time in microseconds cheek* the early work.* 
Fig. 5 shows a typical oscillogram. This pM’ticular 
wave reaches its crest in a fraction of a microsecond, 
and then decays to half value in five microseconds. 
^parkover of spheres, points, and insulators 

The full line curves in Figs. 8 and 11 give the spark- 
over voltages for different gaps with the Pittsfield 
high voltage laboratory “standard wave” and other 
waves. , 

The effect of wave shape on the lightning sparkover 

With the exception of gaps between electrodes pro¬ 
ducing a uniform field the lightning or impulse spark- 
over voltage is always appreciably higher than the 
60-qycle sparkover voltage. The steeper-the wave or 
the shorter the duration of the transient, the bigbAr the 
crest sparkover voltage. The lig htuin g breakdown 
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voltage will thiis vary because lightning surges vary. 
The ratio of the lightning to the 60-cycle crest siparkover 
■ voltage is alwas^s greater thanninity. Some j^ears ago, 
this was termed the impulse ratio.® Under the usual 
severe lightning conditions in practise, insulator spark- 
over voltages give an*impulse ratio of two. This has 
been well established fcy comparing the lightning spark- 
over voltages of insulators as measured in the field by 
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Pia. 6 —Tipioai. Pivb-Micbosbcond Wave op Lightning 
, Qbnbeatob 

the surge voltage recorder and the klydonograph with 
the 60-cycle sparkpver voltage. The impulse ratio is 
thus an indication of the effective duration of the wave. 
The wave in Fig. 7 gives approximately an impulse ratio 
of two. Points measured on transmission lines are 
indicated on one curve of Pig. 11. 

Whether the front or the tail of the wave is the 
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See Fig. 6 for oscillogram of five microsecond wave. 


controlling factor in detwinining the* lightning spark- 
over depends upon the voltage applied. This is well 
illustrated in the oscillograms of Mg. 13 representing 
actual test records on a 19.9-cm. point-gap. The samB 
wave shape -was used throughout these tests. 

Teste were also made with waves rising more or 1^ 
uniformly at various rates and with breakdowns always 
occurring on the fronts. The results are shown in Fig. 


15. For the gap used in Mg. 15, the impulse sparkov^ 
voltage apprdximately equals the 60-cycle sparkover 
when the time from application of voltage to complete 
breakdown is approximately 1000 microseconds. This 
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Fig. 11—Lightning and GO-Ctclb Sparkover Curves op 
Suspension Insulator^ for Different Waves 

See Fig. 5 for oscillogram of llyo>mlcrosecoiid wave 
no r 

shov^ the effect of wave-front steepness increasmg the 
sparkover voltage as previously noted. 

Standard tests in the laboratory are made by gradu¬ 
ally increasing the impulse voltaifee until sparkover 
occurs on 50 per cent of the applications. The instan¬ 
taneous breakdown vnltage when tiae front is relatively 
short then depends largely upon the diuation of the 
tail. 

.. r 

If the impulse ratio is the same the results on solid 
and liquid insulation are approximatel.y'' the same 
whether the standard wave, the lightning wave, or a 
wave with a slowly rising front is used. The three 
waves are illustrated in T^g. 17. 

When the maximum voltage of the lightning impulse 



^ TIme-micnMec. ^ 4 * 

Fig. 13—Spabkovbb op a Point-Gap with a Constant Wave 
Shape at Valovs Applied Voltages 

causing an insulator sparicover is measured by a 
sphere, surge-voltage recorder, or Idydonograph, and 
the 60-cycle otet fisfehova* voltage is known, the 
effective duration of the wave is also obtained. For 
example, the lightning sparkoYOT of insulator strings 
measinred in the 220-kv. lines of the Pennsylvania 
Ppwer & Light Company were foun<r to^average about 
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2000 kv. For these insulators the 60-e:^ele sparkover 
was about 1000 kv. This, indicates an .average im¬ 
pulse ratio of 2.0. The usual impulse ratios of natural 
lightijing vari^ between 1.8 ^nd 2. The crosses in 
Fig. 11 for •four,-' ten- and fourteen-unit* insulator 
strings are flashQver voltages due to natural lightning as 
measured by syrge voltage recorders. In a few 
cases, •impulse ratios as high as 2.7 wwe obtained. 
These impulse ratios show that the effective duration 
varied froip 1 to 20 micro^conds, where the effective 
duration is the time that the voltage«is above half 
voltage, or approximately the time above the 60-cycle 
sparkover. Such waves are illustrated in Figs. 5 and 7 
and were actually measured by the cathode ray oscillo¬ 
graph. Thus, a wave giving an impulse ratio be¬ 
tween 1.8 and 2 on line insulation represents the average 
severe field conditions, and the standard laboratory 
wave, established long before measurements were avail¬ 
able, i§ confirmed as simulating practical conditions. 

The above does not mean that actual lightning 
sparkovers are always caused by waves with fronts as 



• J)* 10 20 30 40 » 60 70 W 90 IQO 

AvQiage lime to sparkover in microseconds 


Fig. 16 —Sparkover Voltage for Waves Rising Uniformly 
• AT Various Rates 

steep as those in Figs. 5 and 7., In the usual laboratory 
teste the whole wave is used and the front has very 
little influence. In practise, lightning sparkovers may 
..occur in this way or on the rising front of a moderately 
* steep wave a*s illustrated in Fig. 17. If the impulse 
ratio is the same the results are the same. Laboratory 
testeare also made on tte wave front. 

The ligh tnin g wave secured on the Pennsylvania 
Power & Light Company line this last summer had a 
duration above half voltage of about 20 microseconds. 
•,Thegradingshield. Animportantfunctionofthegrad¬ 
ing shield is to cause even distribution along the string. 
Thi^ strengthens considerably the path along theinsula- 
tor surfaces to lightning and forces the arc to take place 
•between the rings which may be set for a lightning 
sparkover voltage higher than that of the non-shielded 
string. Destructive cascading is thus prevented. In 
this way the gain in voltage may be as much as 10 per 
cent to 12 per cent, .and can bd checlied by comparing 
the lightning sparkover of the non-shielded string with 
the needle-gap lightnipg sparkover of the distance be¬ 
tween rings. For instance the sparkovor voltage of a 16- 


unit non-^elded string from Fig. 11 is 2050 kv. at 
20 microseconds. For 85 inches (from Fig. 8) ,be- 
tween rings, when the ^arkover occurs on a shielded - 
string, it is ^00 kv. For the 20-mi<a*osecond wave this 
is usually over 10 per cent for long strings. For very 
steep waves it may be more. The difference in spark¬ 
over voltage is not appred^ld with longer, waves. 

While the sparkover voltage to lightning waves may 
be increased by the shield, the 60-cycle sparkover volt¬ 
age may be lowered. This is not a handicap because 
lightning surges having an impulse ratio of unity and 
thus corresponding to 60-cyde waves have never been 
observed in practise. The dry^60-cycle shielded spark-, 
over voltage might be somewhat increased by using 
very large shield surfaces free from sharp ends or points. 
However, there dan be no gain in practise in this way 
because the large surfaces would be reduced to equiva¬ 
lent “points” in 60-cycle voltages when wet-by the 
first raindrop. Lightning sparkover voltage is not 
affected by rain. 

That shields prevent deterioration of the unite 
in a string through improved distribution of voltage 
stresses is forcibly illustrated in tests. After a few 
lightning sparkovers, insulator units fail in the nbn- 
shielded strings while there are no failures in the 
shielded strings. 

In addition to the actual increase in lightning spark- 
ova* voltage discussed above, there is also an apparent 
increase which is probably of more importance. When 
the energy of the lightning generator is limited, it is 
necessary to supply a higher voltage to a shielded string 
to cause sparkover. Thisr apparent increase in spark¬ 
over voltage may be of a higher order than the actual 
increase. The extra voltage must be generated because . 
of the energy dissipated by the “barrel” of corona arcs '' 
between the edges of the rings. .The gain has been 
observed when the eno-gy available approximated 
that in an average span and should be an approximate 
measure of the effect in practise since there is oiie 
shield for each line per span. This energy dissipating* 
effect by corona has been made use of by purposely 
designing grading rings of fiat strap material in place 
of smooth surfaced pipes.. 

Wood poles The insulating value of a wood pole to 
lightning voltages has been measured up to 3,600,000 
volts. The measurements show that the strength of 
* wood poles of such varying degrees of wetness and dryness 
as might occur in practise, range from 100 to 300 
kv./ft. A good average value is" 180 kv./ft. With 
a ligh tning rod a part of the insulation of the pole 
could be utilized and protection from splitting afforded 
at the same time by placing a gap in series with the 
l ightning rod. (See completepaperforgap dimensions). 

Transformers. The new lightninggeneratorhasmade 
possible invaluable studies on full size transfonners 
and insulation arrangements. 

Cathode ray oscillograph records of surges on trans- 
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formers are taken and the voltage distribution is 
measui’ed throughout the winding. This last sieasure- 
r *ment is of extreme importance since it shears that 
in. the usual transformer the voltage distribution 
is not constant but varies with steepness and dura¬ 
tion of the impulse or the frequency of the transient. 
High frequencies and st&p impulses may cause exces¬ 
sive voltages at any part of the winding. The ideal 
transformer would be one in which the voltage dis¬ 
tribution was the san^p for all frequencies and wave 
shapes. Fortunately it has been possible to accomplish 
these resvdts by the sipelded design, which is an entirely 
,new type. It will not be necessary to go into details 
^here as this transformer is described elsewhere.® , Fig. 
24 shows the results of tests on an actual transformer. 

, In* thp shielde<f transformer the iiripulse and liig>i 
frequency distribution is shown to be practically 
<■ the same as the 60-cycle distribution. 

, • Briefly, the reason for the varying distribution of volt- 
fge in a non-shielded transformer is as follows: TBe 
imtim lightning distribution is determined by the 
distribution of the Capacity in the windings and the 60- 
cycle or long duration voltage distribution by induc- 
, tance. If the voltage distribution as determined by 
these factors is not the same an osdllation results until 
the disWbution corresponds to that of the inductance. 

► The shields make the capacity and inductance distri¬ 
bution correspond. The action of the capacity is 
instantaneo^ and there is no oscillation. 

III. Field Reseaech 
RssBctreh on Tvcinsnussion lAnes 
^Duni^ the past few years a number of the operating 
^compaines in cellaWation with the manufacturing 
companies have obtained some very important measure- 
meiite, particularly pf lightning voltages on transmis- 
aon ^es.»'“ These measurements were obtained with 
^e klydonograph or surge voltage recorder connected at 
yanous points along the transmission lines. 

Very valuable data was accummulated which gave 
f^er information as to the voltage, polarity, wave 
^ape, and attenuation of lightning waves on lines, 
the gen^l nature of tiie waves was briefly as follows: 1 
ihe maximum voltage found was about 2800 kv.; in 
gen^ most high-voltage surges indicated negative 
cloud disch^es, although a few obtained indicated ^ 
positive strokes; the impulse ratios of the waves were * * 
^und 2.0, and the effective durations—that is; the ^ 
toe tim waves wePe above half voltag^were from 
one to tvrenty microseconds; the attenuation was very 

rapid, particularly for the very high crest voltages where 1 

exist—for example, it was found 
tot a 3000 kv. wave would be reduced to half value in r 
travehng about two mUes. in r 

Meamrmm of Idghtning ^aves and Time Required ^ 
In order to make proper,use of the oscillograph, it, t 


was necessary; to devise a means of establishing the 
cathode beaiji and the sweeping circuit and to have 
the complete set-up connected to the line as the light¬ 
ning wave reached it. ¥/ith the equivalent “switching 
circuit” dweloped for this, the complete operation was 
accomplished in about one microsecond—that is, one- 
millionth of a second. 

(a) Pittsfield measff/rements. In the Pittsfield mea¬ 
surements the antennas consisted of three paralld wires 
120 ft. long and 40 ft. above ground. The wires were 
grounded through a 2,000,000-ohm resistance, and con¬ 
nection to the oscillograph was madet With this 
arrangement the Knes assume a potential opposite 
to that of the cloud when the lightning discharge 
takes place. Since the charge cannot move along 
this short line, but must be dissipated by leakage, 
the potential of the conductors rises at a rate and to a 
magnitude dependent upon the collapse of the cloud 
field. ^ The time for this conductor voltage wave to 
reach maximum is thus a measure of the time required 
for lie doud to discharge. ^ Fig. 27 shows two of the 
four antennas waves obtained. The wave fronts are 


20Mjcnjsec. ' liboralory wave; 
^bofatorywBve- of long front 


^ 60 Cycle spariuiver 


I__ 20 Microsec.-^ ^ 

13 ^ lightning wave“i— r“ ™ . 

——————I——I_ L I I I I II 

Tlme-inicrosncbnds 

O r- 

Fig. 17—Spakkoveb Voltaqis fob Various Wavks 

• ** 

of the order of one to two microseconds. The induced 
voltage crests on the antennas were from 50 to-76 kv. 

(6) Pmnsylvania measurements. A very good 
natural lightning wave dbtained on the 220-kv. line is 
shovra in Fig. 28. The front of this wave practically 
reaches its maximum in 6 microseconds, decreases to 
h^ value in 20 microseconds, .and ]:eaches .zero in 
0 microseconds. The oscillating ripple is apparently 
due to a local flashoveri® and is not really part of, tlie 
onginal wave. A reproduction of this waf^e by the 
labor^ry lightning generator is also shown in Fig. 28. 
1 he effe^ of the wave are very similar to the standard 
wave of Fig. 7 and the impulse ratio for insulator spark- 
over corresponds to those determined by the surge 
recorder or Idydonograph readings. 

rv. Lightning on Transmission Lines and' 

Tr, Apparatus 

VoUage 

The avadable data still fionfirm the rule that the 
ma^um induced voltage on a transmission line de¬ 
pends upon the height of the conductors aboveground or. 
V = hg a 

inSr! r " average height of conductor 

to discharge and 

the.imtial distnbution of bound chafge .on the line 
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Calculations indicate that under the usual assumed 
bound charge conditions, an induced voltk^e wave high 
enough to cause insulator flashover can result only 
a rapid collapse of the electrostatic field of the 
cloud. Accordingly, this naust involve a traveling wave 


Envelope of voltages 
“jover all frequenties ~ 


one-half td one-tenth or more after the installation of 
the groupd wire. 

LigJUniTDg Proof Transmission Lines and Coordination* 
of Transformer InsuMion and line IrmMion • 
The ideal line would be as low in height as practicable, 
be protected by one or more ^ound wires, and be 
well insifiated with insulatora pnotected by.-grading 
shields. The transformer insulation shoiild. be some¬ 
what stronger than the bushing flashover voltage, 
which in turn should be higher than the flashover 
voltage of the insulators in the immediate vicinity 
of the line. By immediate vi(^ty is meant that 
the coordinated insulation sheuld start within 75 ft,, 


jEnvelope of voltages 


30 — 60 Cycle shielded and non^ 
^ studded vollace distribulion- 



, 0 10 20 30 ^j°,.^50^^ ^70.^M 90 100 28—COMPARISON OP NATURAL LlGHTNINO WAVE 

„ ^ Measured on Transmission Lines with Cathode Rat 

Fifl. 24 -Volt*ge Distribution at all Frequencies op Oscillograph with an Artipicial Lightning Wave Mba- 
Shielded and Non-Shieldbd Transpormers 


of steep* front or of short effective duration. A steep 
wav^fi:ont would also* occur with a surge imposed on a 
conductor by a direct stroke to it. The maximum 
voltage waTve that can travel on the line and reach the 
apparatus is determined by the line insulation. The 
waves in practise are generally non-oscillatory and 
have a wide variety of shaped. However, the waves 
usually causing insulator sparkover give an impulse 
ratio of the order of two (2.0), and indicate an effective 



■ Pig. 27—Oscillogram op Natural Lightning Made on 
Short Lines—^Pittsfield 1928. Drawn Dotted Lines 
Indicate Approximate Fronts 

duration of 1 to 20 microseconds ab#ve the 60-cycle 

flashover value. * • 

The Ground Wire. Statistical data still confirm the 
value of the grourfd wire. These data indicate that 
outages due to insulator arc-overs are reduced from 


of the apparatus and preferably Mctend out at least 
one-half mile. Such arrangement of the insulation' 
should not increase outag|6s. As a precaution, extra 
ground wires may be added on the coordinated sec¬ 
tion to provide against local disturbances. However, ^ 
where the line is badly exposed to direct strokes special 
precaution should be taken in the design of the towec ao 
that side flashes are not likely to take place from ground 
wire to conductor. Rods might be used and special 
precautions taken as to length of span, groundresistance,, 
distance from conductor to ground wire, etc. Extra 
ground wires in sections may be necessary to assure 
immunity against direct strokes. 


FARADAY CENTENARY IN 1931 

• Preliminary plans for the celebration of the centenary 
in 1931 of Parada 3 r’s epoch-making discoveries are re¬ 
ported by tiie Ekctricd World to Save been made in 
London at a meeting of representatives of scientific, 
electrical and otiler societies held at the Royal Insti¬ 
tution imder the pretideney of Sir Arthm Keith. The 
time chosen provisionally for the celebrations was the 
third week in September, 1931, and it was decided to set 
up two gTna.11 committees, re])resenting the ^raitifie and 
influstrial interests, to make the necessary plans and to 
insure that the celebrations shall be attended by inter- 
^ted persons from all parts of the world. 
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Bushing-Type Curreat transformers for Metering 


BY A. BOYAJIANi ^ and 

Fellow, A. I. ^ 

Synopsis,—This paper describes a new development in cow- 
neciion with bushing type ^current-transformer metering circuits* 

While this development utilizes the two-stage principle and has the 
same order of accuracy gfi*ihM of two-stage current transformers, 
it is different fr>om the conventional two-stage current transformers 


W. F. SKEATS® 

Associiite,'A. I. E. E. 


in that it does not require twoStage wattmeters and wailhour meters, 
hut may be ^used with any wattmeter or 'waitho^r meter* The 
principle and connections of the transformer are explained, and 
performance curves of a typical unit are given* 


IN^RODUCnON 

T he great simplicity, reliability, and low cost 
of the bushing-l 5 T?e current transforms have led 
engineers to an effort to improve its accuracy to 
*such a point as will be satisfactory for metering pur- 
. poses. The intJoduefcon of the twa-stag,e principle* 
by Brooks and Holtz, six years ago, marked a'satis- 
' factory .improvement in accuracy, but the two-stage 
^ principle as applied so far has required special two-stage 
" wattmeters and two-stage watthoiu’meters. There has 
still remained, thsefore, the need for a bushing-type 
current transformefthat would have metering accuracy 
and could be used with any wattmeter or watthour 
meter. In the development of the arrangement 
described below, which satisfies this requirement, the 
two-stage principle has been retained and such addi¬ 
tional features have been incorporated as would make it 
adaptable to single-stage wattmeters and watthour 
meters. 

CiBCuiT OP THE New Cueebnt Transformer and 
Theory op Its Operation 
Pig. 1 illustrates diagramfhatically the conventional 
tw0|-stage current transforms and a two-stage watt- 
„ mets or watthour meter. Pi iSi is the first stage of the 
ciuprent transforms feeding the first-stage current-coil 
Cl of the mets W. • The current in Ci diffss (vectori- 
ally) from the correct secondary current by the exciting 
c^prent in Pi divided by the turn ratio of the trans¬ 
forms. The second-stage transformation aims to 
put into Ci a current equal to this diffsence. In the 
second stage of this current-transforms, P/ and P/ act 
jointly as the prtinary; that is, the net ampere turns of 
P i' aruLPi" act as the primary ampse turns, inducing 
a corresponding secondary current in Si, wliich flows 
into the second-stage cuirent-coil Ci of the mets. 
The net ampse turns of P 2 ' and Pi" are the exciting, 
ampere turns of tiie first stage and thus the current 
delivsed to Si andfJj represents and makes up for the 
exdtmg current error of the first stage. In ti:ans- 
forming th e exciting current of the, first stage, the 

1 . Geaeval Electric Company, Pittsfield, Mass. 

2. General Electric Company, Schenectady, N. T. 

3. See The Two-Stage Cvrreta Transformer, by H. B. Brooks 

And F. C. Holtz, A. I. E. E. Tba«s., 1922, p. 382. 

Presented at the Regional Meeting of the Middle Eastern District 
of the A. 7., B. E., Cineinnati, Ohio, March $0-SS, 1$S9. * 


second-stage gurrent transforms requires an exciting 
current, so thal; the exciting current coreection by the 
second stage is hot 100 ps cent exact. However, since 
the residual error is the exciting current of the exciting 
current, it is of second ords^of magnitude as compared 
with the error of the first stage or as compared witli the 
error of an ordinary current transforms of the same 
proportions. 

In ords that the two stages may perform without 
interfsence from esich other, it is necessary that the 
two circuits have no appreciable mutual impedance.* 
One bbyious method of accomplishing this is to separate 
the current coils Ci and Ci from each oths and provide 
a separate potential coil for each one to react with. 



Wattmbtbr Having Two CtraBBNT CoiM 

This is the practise followed in most of the two-stage 
current transforms applications, requiring, special* 
wattmeters and wattiiour meters. This disadvantage 
has been obviated in the present arrangement as follows: 

For the props psformance of the two stages, it is 
not necessary that there should be no mutual impedance 
between the two efreuits at any point, but that there 
should be no mt mutual impedance. Accordingly, Ci 
• and Ci may have any mutual impedance at any poifit 
provided that it is neutralized by an equal and opposite 
mutual im pedance at anoths point. If Vi and C, 

4. By the mutual mgedanoe between two cirouits is under-, 
stood the ratio (vectorial; of the voltage in one circuit produced 
by current in the other to the current flowing in the other 
circuit. As as the authors know, this conception has to 
date been linuted to mutual inductance or mutual reactance, 
if the two ckcuits have a part in common it is obvious 
tlmt ouirent flowing in the one will give rise to an in-phos 
voltage in the other due to the resistance of the common part 
308 " ~ 
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are combined into a angle current coil C.(Pig. 2) as in 
anjr conventional wattmeter or watthoup meter, the 
mutual impedance between tlie first and second stage 
, circuits is the impedance of tffe coil C, and therefore 
it is necessarsf and sufficient to provide anotW impe¬ 
dance common.to the two circuits and equal and opposite 
to C. This is aecemplished by the auxiliary impedance 
Z and^he transformer T. The impedance Z is sub¬ 



stantially equal Co the impedance C tiln6s the ratio 
of transformer T, %.nd the transformer T accomplishes 
,tbe desired reversal of sign so that one can neutralize 
the other. 'Ty mjijce this clearer, assume that the 
switch A in the second stage is opened. The first stage 
current flowng through C and Jhe primary T, will 
* naturally circulate a corresponding current in the 
secorfda^jr of T througji the impedance Z. If now we 
trace the second-stage circuit beginning at a and ending 
at 6, throqgh Z and C, we find that there are two 



Pi«^. 3—Two Stage Ctterent Tbansfobmbb with Stanbaed 
Wattmeter, Ammeter, and Relat 


impedance drops in it, one at Z, the otiier at C, and that 
these two are opposite to each other so that no net 
voltage appears from a to & induced from the first stage 
cuirent. The equality of the two drops is accomplished 
by the’ equality of the two impedances, while the 
opposition of the drops is accctaiplished by the fact 
that the secondary induced current of Tmustbeopposilfe 
to its primary current.^ Thus, the net mutual impe¬ 
dance between the ISrst-stage and second-stage circuits 
is rendered zero;* and, therefore, if the switch A ^s 


closed, the second-stage current transformer delivers its 
current ifito the current coil C of the meter unaffected 
by the ^•st-stage current C. Thus, both the first and 
the second stage currents flow simultaneously in one and 
the same coil C without any interference. 

If Z is vectorially identical vwth the impedance of C, 
obviously the exciting current of !r*will cause the drop 
across Z to be slightly (vectorially) different from that 
across C. This error may, if desired, be compensated 
by making Z proportionately Vectorially) different 
from C. The magnitude of this error, however, is very 
small compared with the general ilnprovement accom¬ 
plished,’ especially in the bushing-type current trans¬ 
formers; because, first, the auxiliary transformer T 
is a very low-voljtage transformer and can therefore 
be made far haore accurate than the high voltage ninits 
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Fig. 4b—^Pbrfobmancb Curve 


Pi, Pi', and second, the auxiliary transformer T need 
not be bushing type, but of any high accuracy type, and 
thus again its error will be almost negligible for the 
drcuit conditions. T is not to be mounted on the bush¬ 
ing but at any convenient point on the switchboard 
near the meters. ^ 

Fig. 3 illustrates the cormections of such a current 
transformer arrangement with a number of instru¬ 
ments. Since great precision is necessary only in 
the meters and not in the indicating instruments or 
relay coils, only the watthour meter is shown included 
in the second stage. This l^ds to greater accuracy by 
reducing tlje burden and exciting-current of the second 
stage. In such applications, the auxiliary impedance 
Z must obviously represent the impedance of only that 
part of the burden which is io be “two-staged.” The 
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auxili^y impedance naturally adds to the burden 
of'both stages, but since it duplicates only^that part 
of the burden which is to be “two-staged,*’ it adds 
Only a small amount to the total. 


0.6 secondary amperes as with 5 secondary amperes. 

Table I shows the final (correction facjtor for each 
burden at 0.5 secondary amperes and at 5.0 secondary 
amperes and at variou# power factors. 


Performance Curves 

Pigs.. 4 a and 4B^sho^ performance curves of a 300- 
ampCT,e torn, 60-cycle unit designed for h 132-kv. 
bushing. Single stage curves taken on the same unit, 
and using both fir|t stage and second stage iron 
are also shown for (jomparison. The curves were 
taken for standard burdens No. 2 (20 volt-amperes, at 
0.90 power factor)‘and No. 5 (132 volt-amperes, at 
0.38 power factor). It will be noted that errors in 
phase angle of + 36 min. and - 52 min. at full load 
have been redi3<ied lib -t-10 min. and -|- 8 min. r^pec- 
tively, whereas errors in ratio of 4.2 per cent and 1.2 
per cent have been reduced to 0.6 per cent in each case. 

• ]J4oreover, lyhereas the uncompensated transformer 
showed much larger errors at low values of cursent 
thah at high values, the two stage transformer with the 
compensating device is very nearly as accurate with 


The tjffale shows that the combined ratio and phase 
angle error changes from 1.1 per cent at 10 per cent of 
rated secondary amperes to 0.8 pen, cent at full rated 
secondary amperes/-at 80 per cent line powef factor, 
with additional improvement as the powCT factor is 
increased. 


TABLE I ‘ 

FINAL OOBBEOTION FAOTOB - 


Line 

power factor 

0.5 seconds 

^ amperes 

5.0 secondary amperes 

Burden No. 2 

Buoden No. 5 

Burden No. 2 

Burden No. 5 

0.90 lead 

0.994 

0.997 

0.995 

0.995 

0.95 lead 

0.993 

0.996 

0.995 

0.995 

1.00 

0.992 

0.994 

0.994 

0.994 

0.95 lag 

0.991 

0t992 

0.993 

0.993 

0.90 lag 

0.990 

. 0.991 

0.993 

0.993 

0.80 lag 

0.989 

0.989 

0.992 

0.992 

0.70 lag 

0.988 

0.987 

0.991 

0.992 

0.60 lag 

0.987 

0.985 

0.990 

0.991 

t).50 lag 

0.985 

00.988 

0.989 

Q.990 


_ • e ^ 

The Post College Education of Engineers 

BY EDWARD BENNETT* ^ ' 


I N the fact-finding stage of the studied movement to 
“develop, broaden, and enrich engineering educa¬ 
tion” whichhasbeensponsoredbytheSocietyforthe 
Promotion of Engineering Education, the experiences 
.and opimons of practising engineers have been an essential 
and an important contribution to the study. The study 
has resulted in a wealth of carefully analyzed informa- 
*tion pertaining to' the objectives of engineering educa¬ 
tion, to educational practises and results, and to the 
(.possible methods of broadening and enriching educa- 
tional procedures. 

The complete working out and the full realization of 
some of these possibilities will require the cooperation 
of the three groups represented on the Institute’s 
Committee on Education, namely: the engineering 
practitioners, the engineering teachers, and the engi¬ 
neering industries. Under these conditions, it has 
seemed to the Committee that it is confronted with the 
opportunity to advance those educational movements 
requiring the coc|)eration of these three groups. The 
Committee has deemed it wise to concentrate its efforts 
upon a single movement rather than to spread them 
over several. 

Of all the undeveloped educational movements 
requiring the cooperation of the practitioners, the 
tethers, and the industries, none seem to the Com- 
naittee to Tiave greater possibilities of a<fvancing»the 
standards of professional aifiiievement than does the 
1. Chairman, Committee pn Edueation. ^ 


movement to stimidate the continuation of education 
after college, and to make provision for this post qollege 
education. 

The continued rapid increase in s(aentific knowledge 
and the rapid increase in the diversity and complexity 
of the en^neering applications and the engineering 
responsibilities combine to make the four year engi¬ 
neering program a 16ss and less adequate prepara¬ 
tion for effective engineering work. The S. P. E. E. 
study has disclosed that very few engineers or teachers 
propose to meet this situation.by requiring .all college 
students to remain upon the college campus for a fifth 
or sixth year. The solution seems to be rather, to 
encourage that limited number of graduates which is 
posseted of tiie requisite interest and means to enroll 
in resident graduate courses, as well as the greater 
number who enter at once upon their engineering 
apprenticeships, to continue their educational eflbrts 
to a greater extent and to a more definite end than at 
present. ^ ", 

Is not. this field of post college education one of 
primary responsibility of the professional body? The 
traction of the profession has always been that college 
training is only a part of an engineer’s preparation, and 
that experienoe in subordinate capacities, under the 
idirection and criticism of qualified practitioners, is an 
indispensable part of his training,” and yet the engineer¬ 
ing profession has assumed no "responsibilities with 
reference to this post college training. 
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. The teaching profession assumes the responsibility 
for only the first part of tlie engineer’s training; the 
larger Industrial organizations have assumed and are 
assuming greater responsibiliti<is during the period of 
•their apprentveship courses. Should the engineering 
profession leave the post-college training entirely to 
chance, circumstance, and the industries? “Could the 
profession define m terms that are flexible enough to 
avoid making a straight jacket an3 yet explicit enough 
to be of value, what\t expects of the^ young electrical 
engineer in addition to his scholastic traiijing in school 
and college? Could this further training be backed up 
by some incentive and be given‘some distinctive 
recognition? Could the way be prepared for some 
review of the entire early education and experience of 
• the young engineer—say five yBars after he is graduated 
—as a basis of professional certification? Could this 
plan of certification be tied in as a form of joint sanc¬ 
tion with the award of the professional degree by the 
colleges?” 

Considerations and questions such as those recited 
above" lead the Committee to feel that it can render the 
most effective service, 

(a) by seeking*to bring the thought of the Institute 
membership to b'fear upon the possibilities and the 

,pK)blems of post-college education and upon the 
responsibilitlesi,of tjje profession relative to this period 
of training; 

(b) by seeking tp stimulate l^e local sections to 
• promote this* movement by setting to work to canvass 

or inventory the post-pollege needs and the educational 
facilifiefe of their districts, bringing the two together; 

(c) by seeking to act as a center through which a 

knowledge of* distinctive and effective developments in 
the field’of post college education may be made gener¬ 
ally known. , 

The section of the Investigation of Engineering 
Educations of Bulletin 3 entitled the Continuation of 
.Education After Leaving College contains the following 
suggestiohs as* to .the* services and types of courses 
which the colleges may make available for the purpose 
of post college education. 

1. The colleger may make well outlined reading courses 
available to such graduates as apply for them. 

2 . Certain institutions, if properly manned and organized, 
may offer correspondence courses. Subjects such as contracts 
and specifications; industrial organization and planning; com¬ 
mercial methods, organizations and law; cost accounting; and 
finanyal methnds lend themselves to instruction by this means. 

3. In certain eases, extension courses f^r graduate students 
may be set up in industrial centers in which graduates in partic¬ 
ular fields can confer with representafSves of the institutions 
at "regular intervals. Post-scholastic courses of the following 
typos may be offered: 

(a) Advanced work of the kind given in post graduate 

. residence courses in mathematics* physifs, and engineering 

subjects. • 

(b) Comrses dealing with recent developments, des^;ned 
to enable graduates tor keep abreast of scientific progress. 

• (e) Seminary for the discussion in the light of funda¬ 
mental theofy of • 


(A) * Allied research problems, 

(B) Allied or common design problems, 

(O Allied or common operating or manufacturing 

prolJlems. ' 

4. The engineering colleges may undertake individually t« 
furnish advisory services to alumni and other engineers in the 
vicinity of the colleges to assist in such nilatters as: 

(a) Recommended reading courses. 

(b) -Supplying information as td^ educational-facilities 
available in the community in which the graduate is located. 

(e) Advice and suggestions relative to engineerii^ 
problems of the kind rendered to ^udents in residence who 
are engaged in thesis projects. 

In addition to the possible post college services 
rendered by the colleges alone, -which are listed above, 
the following types of courses should be listed. 

1. Advanced studies under thejoint.auspices of the 
colleges and the industrial organizations; as, for exam¬ 
ple, the arrangements between the University of 
Pittsburgh and the Westinghouse Electric and Manu¬ 
facturing Company, or between the Massachusetts' 
In^tute of Technology and the General Electric 
Company, or between the Bell Laboratories and 
Columbia University. 

2. Advanced and special technical training of an 
organized character given under the auspices of the 
employing organization; such as the out-of-hours 
courses of the Bell Telephone Laboratories, or the design 
courses of the Westinghouse and General Electric 
companies. 

8. Training courses designed to give familiarity 
with the organization and practise of a particular com¬ 
pany or industry given under the auspices of the 
employing organization. « 

For further information relative to the expaience 
which has been had in the field of post college education, 
any one interested may consult Bulletin 3, (referr^ 
to above) or a paper entitled Seminars for Praetisi'^ 
Engineers, by Edward Bennett, of the Transactions 
of the A. I. E. E. for 1926, Vol. 45, p. 602 or an address 
entitled The Urban University and Engineering 
Education* delivered by H. P. Hammond before the 
Association of Urban Universities November 16, 1928 
and reciting the striking results of the recent venture 
of the Brooklyn Polytechnic Institute into the field of 
post-college education. 

In view of the ends which the Committee is seeking 
to attain, the chairman has one recommendation which 
he wishes to make and to urge upon the attention of the 
Sections at this time. It is that th^ Sections, particu¬ 
larly in the industrial centers in which Colleges of 
Engineering are Ipcated, each appoint a Committee on 
Education. It is suggested that the function of the 
Section committee on education be to canvass the needs 
and the wishes of the engineers of the district, particu¬ 
larly the younger engineers, and to make these needs 
an4 wishes,articulate by bringing them to the attention 
of the college administrations, or the industrial manage- 

•Printod in Milwaukee Engineering, Vol. IX, Nos. 4 and 6, 
J»n. and Peb. 1929. ^ 
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S tw. / enpneeni^ authonti^ m the district, local press, hold a special meeting or meetings to bring 

^ att^tion of those interested the post-colleg? 

m ^ If ^ who wdl enroll m a course educational opportunities of the district, and to canvi 

HI diiierential equations, to meet one evening a f>iA /lAoiVno _xi_ 


, , — - -- - 

HI diiierential equations, to meet one evening a week 

for a yearj or 16 men who will enroll in a course in 
Advanced Circuit Theory; or 30 men who will enroll in 
a course in Engineering Economics. What provision 
can be made to meet the needs of these men? 

_ It is sugges^ that the local Committee on Educa¬ 
tion, making its annpuncements through the Section, 
the affiliated societies of the district, and through the 


the desires and the purpose of those attending the 
meeting to embark upon specific lines of work. 

In preparing this message for the Committee, the 
chairman has quoted freely from the letters of other 
members^ and from th® Bulletins of the Investigation of 
Ei^nemng Education. The Committee solicits the 
opinions and the experience of the profesaon relative 
to the post-college training period. , 


Abridgment of 


132-Kvv Shielded Potentiolneter 

For-Determining the Accuracy of Potential Transformers 

BY C.T. WELLERi 

Member, A. I. S). E. 

a.*ttl’ jSm r “!! -f"" I" «« to. i. 


Introduction 

HE first potentiometer used in the General Electric 
Laboiratory for determining the ratio and phase- 
angle accuracy of potential transformers was 
*. described in 1909. This "deflection” potentiometer 
was rated at 33 kv. and regained in service until 1920. 
By that time many 66-kv. potential transformers had 
been built so that it became necessary either to extend 
the voltage range of the potentiometer or to abandon 
^ early policy of’having equipment avmlable for test¬ 
ing at full rated voltage. A .second potentiometer 
^ted at 66 kv., and differing from the first prindpally 
, in the type of resistors used, was built and put into 
operation; but even this grater range soon became 
inadequate. The accumulated experience showed that 
the general scft&ne-employed was entirely satisfactory 
but that a further extension of the voltage range 
would necessitate radical changes in the construction 
and arrangement of the resistors, principally to secure 
better dissipation of heat and to permit shielding against 
capacitance to ground. 

In order to malje further extension possible in 1924, 
the author proposed to construct 100,000-ohm re¬ 
sistor units of fairly large dimensioiis, rated at 11 kv. 
each, and t o maintain the respective unit shields at the 

1. Qeoieral Engineering Laboratory, General Electric Com¬ 
pany, Schenectady, N. Y. 

2. Electrical Measurements en Circuits Requiring Current and 

Potential Transformers, by L. T. Robinson, A. I. B. B. Trams 
V ol. 28,1909, p. 1005. * 

Presented at the Winter Comention of the A. I. E. E., New York, 
N- Y., Jan. 38-Feib. 1,1939, Complete copies upon regu^t. 


proper potentials by means of a special auto-transformer 
(in separate sections) of ample rating with suitable 
taps. Four of the'^ units and one autprtransformer 
section constitute a complete 44-kv. group; the nqmber 
of series poups necessary is determined by theVoltage 
range desired. To tiie best of his knowiedge, the pro¬ 
posed ^ngement and method of shielding had not 
bemi utilized before. The 132-1^. potentiometer herein 
described incorporates the proposed features. 

Objecttve 

The potentiometer desired was one which would (1) 
cover the range from 6.6 to 132 kv. at ffist and to 22p, 
kv. by future extention, and (2) confoim as closely as 
practicable to an ideal potentiometer over the entire 
range. 

M ideal potentiometer should incorporate the fol¬ 
lowing features: 

a. The d-c. resistance of the unit(s) obtained by 
means of a low-voltage bridge should remain constat 
and should equal the a-c. effective resistjmce at operat¬ 
ing voltage. 

b. The curreKt in all parts of the resistor(s) should 
be exactly proporti(jfnal to, and in phase with, the line 
voltage. 

c. The flexibility reqiiired should be obtainable 
without excessive complications and without sacrificing 

convenience of Operation. 

• 

Summary 

The, installation of three 44-kv. series groups and 
accessories at Pittsfield was completed^in 1928. The 
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, groups alone occupy about 380 sq, ft. (42 ft. by 9 ft.) of 
floor space, have a height of approximately 12 ft. and 
weigh about 65 tons (the firsjt potentiomeCer complete 
weighed less than one ton). “General Description” 
•of the potentiometer is given under that title^ 

Potential ti^nsformers have been tested for accuracy 
over the range from 6.6 to 132 kv. at 25 and 60 cycles 
(see comments under “Test Results”). 

Compared with the ideal outlinefl: 

a. The d-c. resistance of the units is practically 

constant and agrees with the a-c. resistance within 
0.01 per cent. * 

b. The current in the units is dirpctly proportional 
to the line voltage at all points but small phase dis¬ 
placements exist. The “net” phase angle of the current 

.at 60 cycles ranges from approximately — 1' (leading) 
at 6.6 Iw. to — 7' at 44 kv. in the first group, to — 6'at 
88 kv. with two groups, and to — 4' at 132 kv. with three 
groups; the corresponding* corrections have the same 
signs. • 

• c. Transformers rated between 6.6 and 44 kv. in 
1.1-kv. steps (with a corresponding increase in ratio) 
and between 44 and 132 kv. in 5.5-kv. steps can be 
tested; this includes practically all staqdgrd ratings. 
Odd ratings diflering less than 4 per cent from those 
indicated can be tested without special adjustments, 
but other odd ratings require an adjustment of the 
resistance. The ratfb (correction factor) is read directly 
(or by interpolation) for standard ratings but must be 
, calculated for odd ratings; the phaSe angle is calculated 
from ingtiument deflections in all cases. 

Thq cpmplications are not excessive, and the opaation 
is reasonably convenient; provision is made also for 
operating with the mid-point instead of with the lower 
end of the potentiometer grounded. 

. The twelve resistor units and the three auto-trans- 
fOrmer sections or shielding transformers are inter¬ 
changeable respectively. 

Conclusions 

The accuracy obt?dnat)le is sufficient to permit certify¬ 
ing results to within 0.1 per cent in ratio and to within 
five minutes in phase an^e oyer the entire range; these 
limits are in accord with our best previous practise. 

The potentiometer can be ertended to 220 kv. 
without making radical changes in any of the groups 
whenever the demand justifies it. 

Pbinciplbs op Operation 

The prindiples of operation of our “deflection” 
potentiometers, which in comparing* voltages utilize 
deflections as well as null or zero instrument readings, 
ha^e been described* but ^e again outlined in the 
complete paper. 

Effects op Capacitanob 

All potentiometer resistance used has been of marf- 
ganin wire non-inductivply wound and immersed in oil. 

3.* L. T. Bobiii30D« Loc. oil. 


Troubfesome resistance changes and appreciable in¬ 
ductance were eliminated. The effects of capacitance 
are indicqj^ed in Fig. 2, an^ are outlined in the compfete 
paper. 

General Description 

• 

The 132-kv. shielded potentiometer combines 
potentiometer resistance suitable for alternating cur¬ 
rent with shielding transformers and other special 
auxiliary equipment. In connection with standard 
power-supply equipment, it is arranged for use in 
determining the ratio and phase-angle accuracy of 
potential transformers rated from. 6.6 to 132 kv., 25 
to 60 cycles and 25 to 1000 volt-aanperes, respectively. 



Fig. 2—^Effects of Capacitance 

(a) * ‘Internal* * capacitance between sections 

(b) “Sxternar* capacitance to tank (ground) 

(c) EUminatlou of effect of (b) by means of an aiito-tran8foi*mer 

(d) Schematic arrangement of 44-kv. / Group No. 1 

. The potentiometer is shown schematically in Fig. 3 a 
and B and directly in Figs. 6 and 7. The three 44-kv. 
series operating groups, each consisting of four 100,000- 
ohm resistor units and one shielding transformer, occupy 
about 880 sq. ft. (42 ft. by 9 ft.) of floor space and have a 
mayiTniim height of about 12 ft., 3 ft. of which is due 
to the Herkolite insulating cylinders. The group area 
contains about 900 sq. ft. (62 ft. by 17.5 ft.); part of 
the grounded wire mesh which acts as an electrostatic 
screen for the groups is buried under the -floor, while 
the remainder forms a fence 20 ft. high On the four rides 
of the area. The supply voltage is brought in from the 
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testing area through high-voltage bushings. * The metal (normal value-1000 ohms) and accessory resistance, is 
and glass operating booth is about 16 ft. squarg and 8 ft. given under that title. 

^ ^ high. It contains the fractional and accessory resis- Shielding*^TransfoTmers,, The three interchangeable 
t^nces and all instruments and control equipment, shielding transformers ^one for each 4.4-kv. group) are 
Approved safety devices are used wherever necessary, rated as follows: 25 cycles, 75 kvra., 50^000, 500/500^ 
Resistors. The potentiometer has a total resistance volts. (The maximum voltage rating for the three 
of 1,200,000 ohms g,rfd Is rated at 0.11 ampere. The primary windings in series ^ is 150 kv.) Since their 
resistance is divided into three 400,000-ohm ‘operating function is to equalize the flux density and voltg-ge dis- 



Resistor 

Units 



Pig. 3—132-Kv. Potuntiometbr —66-EIv Oonnectton 
(Schematic) 


tribution in the transformers whei? either two or three 
are operating in series the secondary and tertiary 
windings are considered as equalizing windings; the 
connections are indicated in Fig. 8a and B. Each trans¬ 
former has eight primary taps and nine bushings, 
one of which supports the somewhat complicated tap 
switch. The four unit tanks are connected to four 
of the bushings and from them to the proper trans- 


^‘TABLE I 

ARRANGEMENT AND RATINGS OF POTENTIOMETER 
RESISTORS 



Ral 

king 

1 Number Required 

Item 

Ohms 

Kv. 

Per* Step 

“Total 

Tube. 

833.3* 

0.002'' 

12 per Section 

1440 

Section. 

lO.OOOf 

1.1 

10 per Unit 

*120 

Unit. 

100,000 

11 

4 per Group 

12 

Group. 

400,000 

44 

3 for 132 kv. 

3 

3 Groups.... 

1,200,000 

132 




♦Approximate adjustment—^rated at O.Il ampere (9.09 ohms per volt) 
nominally, 0.125 ampere maximum. 
tAdjustment correct within 0.02 per cent. 


(a) General outline 

(b) Shieldifig transformer Ta in Group No. 2 

groups, which are subdivided into four 100,000-ohin 
units. From the construction standpoint the 100,000- 
ohm int^changeable units are basic; they are made up 
of ten 10,000-ohm sections, which are in turn made 
up of twelve 83S.8-ohm* tubes each; construction 
details are shown in Figs. 4 and 6. The arrangement 
and ratings are summarized in Table I. A more 
“Detailed Description,” which includes the fractional 


former taps by means of tiie switch and thus maintained 
at predeterminecTpotentials. 

Operation. In operating, the total resistance used 
in each case is obtained by,setting the tap switch on the 
100 per cent tap in each of the 100,000-ohm-resistor, 
units up to the unit in which the toal setting is made, 
^11 or only parf of the resistance of this unit may be 
required—(ten equal steps are obtainable with the tap 
switch but only the 100 per c®it and 60 per cent taps 
are, in general, used above Group No.l);the tap switch 
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is set on the ^rb tap in each of the 100,000-ohm units 
beyond the unit in which the final setting i§ made. The 
correctness of the setting is* then cheeked Jjy a bridge 
measurement; this procedure is independent of the 



number of junits used, ^ince all units are connected in 
series; however, connection is made to the upper end 
of the highest group involved. The connections 
for 600,000 ohms or 66 lev. are indicated in Fig. 3a; 
the connection Z between the resistance and shielding 
transformer circuits is opened foy the bridge measure¬ 
ment; the 0.2-ampere ammeter^ Am, gives an approxi¬ 
mate indication of the opwating cuwent. 

The shielding transformers are excited magnetically 
only when one or more resistor units in their respective 



Fia. 5—100,OOCf-OHM Resistor Unit Untankep • 

with treated wood bushings cover (6 ft. x 3.6 ft.) and resistor supports: 
tap-changing swltdi: teif 10.(J0045hm “slgzag” resistor sections Welded 
steel tank (6.5 ft. deep) and two top shields (3.6 ft. high) not shown 


Fig. 7—Interior op Opbratino Booth: Operating Panel, 
Instruments, and Burdens; Pier pob Replbctinq Dyna¬ 
mometers; Field Control Panel 

• 

groups are in use. In Group No. 1, transformer Ti 
is excited on tap No. 6 (nominally ^3 kv.) for voltages 
between 6.6 and 30.8 kv. to obtain a minimum phase 
angle; taps No. 7 and 8 are used for higher voltages up 
to 44 kv. One lead between the tertiary of Ti and the 
secondary of Ts is opened, (similarly between Tt and 
Ta); the other lead assures electrostatic excitation of 
group No.,2 (and No. 3) at line voltage; the tap switch 
of Ti (and Ts) is set on the zero tap. Transformer 
Ti is also excited magnetically for voltages between 
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44 and 88 kv. and transformer for voltages brtween 
88 and 132 kv.; the “highest" transformer lap used in 
either Group No. 2 or Group No. 3 has in general the 
' same nominal voltage rating as the corresponding tap 
(100 per cent or 50 per cent only) of the “highest" 
resistor unit in use. The correctness of the shielding 
transformer tap setting is checked in all eases by com¬ 
paring . the reading ‘of a 600-volt voltmeter, Vm, 
supplied from the secondary of Ti with the reding of a 
150-volt voltmeter supplied from the secondary of the 
potential transformei| under test; the proper ratio 
between the two readings is predetermined for each 
marked or nominal potential transformer ratio. The 
^ connections for 66 kv. are indicated in Fig. 3a and B. 

^ ^ The distribution of voltage in the resistor unite and 
in the shielding transformers for the 132-kv. connection 
is'summaiized in Tab*Ie 11. In this Case the indicated 
current in the resistor circuit would be approximately 
0.11 ampere,* while the ratio between the secondary 
voltages of Ti and of a 132-kv. :110-volt (1200:1 ratio) 
potential transformer under test would be appro!d- 
mately 440:110 or 4:1. 


TABLE II 

DISTRIBCTION OP VOLTAGE AT 132 KV. IN THE THREE 44-KV 
_ GROUPS 

Deslgna^ | Shielding Transformer Tap 

Group Resis. Shield 

_No. Unit Trans. No, Kv. Connected to 

0 0 Ground 

. ^ 3.6 Tank of 1st Unit (AO 

i 2 11 * _ 

, o ^ 13 *3 Tank of 2nd Unit (Ro 

^ Bi Ti 4 22 * — 

_ 5 27.5 Tank of 3rd Unit (Ci) 

Cl 6 33i * _ 

_ 7 38.5 Tank of 4th Unit (A) 

* "I 8 44 * Tap No, 0 of T* 

^ 0 44 Tap No. 8 of Tj 

1 49.5 Tank of 5th Unit (At) 

m , 2 • 55 * — 

O m 3 60.5 Tank of 6th Unit (B*) 

^ 02 T2 4 66 * _ 

^ ^ 5 71.6 Tank of 7th Unit (Ci) 

^ C2 6 77 ♦ 

• j. 7 82.6 Tank of 8th Unit (A) 

^2 8 88 ♦ Tap No. Oof 7*8 

0 88 Tap No. 8 of 7*j 

A, ** 2 OT ®* _ 9«»Uiilt(A,) 

3 B, T, I _ Tank Of 10th Unit (B,) 

C, 8 “j ®, _ Tank of 11th Unit (C,) 

7 126.5 Tank of 12th Unit ( 23 j) 

- 8 I 132 * Une _ ’ . 

/I obtaining the proper settings as outlined, the 
•^d secondaiy^ burden is set by .means of dial 
^t^es and verified by instrument readings. The 
rafao and phase-angle readings are then taken as 
indicated under “Principles of Operation." 

, Detailed Description 

are. (1) 100,000-ohm resistor units, (2) fractional 


Bn and accessory resistors, (3) operating panel and burdens, 
in (4) shielding^ transfonners, and (5) connections; a 
le partial list qf auxiliary equipment is included under (6). 

JP Preliminary Work 

' An acc^cy guarantee of within 0.1 per cent in ratio 
and within 5 minutes in phase angle means that the 
^ accuracy obtainable with the equipment under actual 
^ test conditions must be well withfa those limits in 
order to provide a reasonable “margin of safety" in 
^ the guarantee to cover slight differences between test 
and operating conditions. This in turn means that 
g the sources ®of error in the equipfnent must be 
thoroughly investigated and that errors of the order of 
^ 0.01 per cent and 0.5 ' are important, 

^ An absolute accuracy better than within -about 0.01 
j per cent cannot be expected for d-c. resistance values 
^ obtmned by the btet methods available; this limit must 
^ be sdmewhat increased for direct measurements with a 
j high grade Wheatstone bndge. However, a much' 

_ greater de^ee of comparative accuracy can be obtained 
by measuring the difference between two nearly e(]ual 
resistors or between two nearly equal conditions of the 
same resistor. Therefore the latter method, which 
is also applicable to a-c. measurements, was useil 
whenever possible in investigating the sources of error. 

The following investigations or tests on the completed 
equipm^t, preliminary to using it for routine testing, ' 
are outlin^ in the complete papdl*: leakage, heating 
and capacitance of unit; characteristics of shielding 
transformers; effect ^ incorrect tank potentials, and 
of corona and capacitance on operation (special ^jon- 
ditions); determination of phase-angle corrections. 

Test Results 

Representative ratio and phase angle results obtained 
to date with the new potaitiometer are not included as 
it IS not the purpose of .the paper to discuss the char- 
actenstics of pot^tial transformers. It will be evident, 
also, that a tabulation of test results, although un¬ 
doubtedly of interest in that connection, is not necessary 
to demonstrate the soundness of the general proposition'' 
that all potential transformers should be tested for ac¬ 
curacy at full rated voltage; 'this procedure is'now 
possible up to 150 kv. maximum at from 25 lib 60 cycles. 
Acknowledgment 
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The^ Committee on Production and Application of Light 

THE CENTER FIXTURE IN RESIDENCE LIGHTING 

By Helen G. ItfcKiNLAY* 

To prescrifie as a doctor may for the cure of an evil, 
with a reasonable assurance that at least the medicine 
will berivenatriaJ, would be delightful to those planning 
the lighting for the homes of todayt 

Unfortunately, however, many people revolt against 
the cures reseommended to overcome their Jighting evils. 
Indisputably .light from a center ceiling fixture will 
provide one of the most effective Qures for inefficient 
“general” lighting in a room. Also, invariably when 
such suggestion is made th^reaction against it, particu¬ 
larly by women, is “I don’t like a center fixture.” She 
doesn’t say, “I don’t like light in the center of a room,” 
although many of us are apt to misinterpret her re¬ 
mark to mean that. Wfiat she really dislikes is the 
fixture h What price lighting I! 

Many of us concede that overhead lighting brings 
about the best results in iMumination and in lighting 
results, yet recognize that the medium through which it 
is achieved has indeed room for improvement. 

The woman usually thinks of the lighting of her home 
iy terms of the appearance of the fixture; she uses this 
as her standard simply because she hasn’t given any 
thought to lighting Ss a science, nor considered its results 
if correctly applied. And as a consequence, when 
ceiling fixtures are suggested, she pictures that imattrac- 
tive»fijcture,—an atrocity contemporaneous with the 
building of the last home in which she lived in which 
there was a ceiling fixture, and even some of the newer 
ones which’are not departures from their antecedents. 

With a better understanding of lighted effect, women 
will want center lighting on merit, but never will they 
accept it so long as it must be had at a sacrifice in the 
appearance of the room, nor until more pleasing fixtures 
are to be had. 

Happily not'aU center fixtures are unattractive. And 
thanks to those manufacturers who have made good 
looking ones it is not’a difficult problem to “sell” 
women on Center lighting. They are quick to recog¬ 
nize the merit of central light from overhead when light 
is desired throughout the entire room, if it may be ac¬ 
quired through an unobstrusive fixture; they are rather 
intrigued with the fact too that by use of a center 
fixture instead of wall brackets, and plenty of outlets to 
connwt their table and floor lamps, ihey may provide 
without sacrifice of light for their over-indulged “indoor 
sport” of rearranging the furniture in their rooms. 

Homelighting must be sold to women. And women 
think Of homelighting largely in terms of table and 
floor lamps. Fixtures mean little more to the average 
woman than the radiators or other permanent imper¬ 
sonal household accessories. But if fixtures are made 
- • * 

♦Edison Lamp Works of General Electric Company, Harrison, 
N.J. 


more*pleasing to the woman’s eye in appearance, and of 
course supatvised by an engineer’s eye for proper con- 
structioii in design, a fimer foundation upon whidh to 
build b Ater homelighting will be established and more 
readily accepted. 


TRAFFIC CONTROL 

By W. T. Dempsey* " . 

The new Code for Standardization of Street Traffic 
Signs, Signals- and Markings bhilt up by a Sectional 
Committee wherein the American Institute of Electrical 
Engineers was represented has now been completed. 
It has been accepted by the" American Engineering" 
Council which participated during the past several' 
years in the national coiiferences on street and highway 
safety.inaugUrated by Herbert Hoover when Secretary 
of Commerce. He cystallized considecation of the 
subject m a national conference on street and Highway 
safety, in an effort to minimize the possibility of acci¬ 
dents and reduce the Numerous loss of life and injuries 
resulting from accidents on the public streets and high¬ 
ways throughout the country. Surveys were made in 
36 states and returns analyzed wwe collected in more 
than 100 cities and it is believed that the returns cover¬ 
ing all conditions and methods of traffic control and 
regulation will show that this survey has been of great 
benefit. The fiinal report of the Committee is now in 
circulation throughout the country by the American 
Engineering Council and efforts are being made to have 
the Standard Code inaugurated into laws in every state 
in the Union to standardize devices of every description." 
for the regulation of traffic and safety on the public 
highways. 

Definite recommendations have been made to the 
effect that roadway signs installed for the safety of night 
driving, including important directional signs, be ad^ 
quately illuminated. In fact the proper illumination of 
precautionary road signs is placed first in order of in>- 
portance for safety on the highways for night dri-ving. • 
They should be 'wsible for a distance of 100 ft. 

Considerable space is devoted in the report to a con¬ 
sideration of the t 5 q)es of street traffic control signals 
which, of course, are generally operated by mhans of 
electrical devices, relays, -various types of lenses and 
control circuits. As a general thing such regulating 
Signals are controlled by means of synchronous motors. 
However, the S 3 ^tem of remote control using pilot wires 
permits a vay flexible form of operation. Normally the 
control of traffic of an entire City is operated from one 
central point. Under extraordinary traffic conditions 
at a particular place on a certain thoroughfare this 
system permits the confrol to be sectionallized as may be 
necessary to handle that particulat part of the thorough¬ 
fare independently of the tiaffic regulating devices in 

otH^ areas! 

-- - 

♦Supt. Service Mtuntenaiioe & City Lighting SOTvioe, New 
Y«rk Edison Company. i 
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Another ve^ commendable and noteworthy economy 
in the regulation of traffic.by means of several types of 
^ ,elecfrically operated devices now on the markht, is the 
. releasing of police officers from this form of <^ity and 
permitting them to devote their time to real police work. 
These systems of control also eliminate the officer from 
the hazardous condition ef directing traffic in the center 
of congested jt)adways, a step in the interests of safety. 


ADVANCES IN INDUSTRIAL LIGHTING PRACTISE 
By a. D. Bell* 

The better types of industrial lighting installations 
^today are characterized especially by two things; much 
^higher levels of intensity, and reflecting equipment 
better suited to individual lighting problems so that glare 
is practically eliminatid. 

Higher levels of artificial illumination have gradually 
come into greater use largely on account of a realization 
, oruthe part of the industrial plants of the severjil advan¬ 
tages^ to be gained through such illumination. The 
activities, first of lamp and reflector manufacturers and 
then, more recently, those of central stations, are con¬ 
vincing the industrial owners or managers of the value of 
^ proper artificial illumination by means of actual demon¬ 
strations and tests. Increasing efficiencies of light pro¬ 
duction and economic considerations, such as a lowering 
^ of elMtrical current rates and cheaper incandescent 
electric lamps, have likewise played a.laige part in this 
movement,^ Electric light is now so cheap that it can 
be used freely to attain themanifoldbenefitsthatitalone 
•can produce. 

Today we find foot-candlp levels of 20, 40, 50 and 
higher, yet a decade ago 5 foot-candles was considered 
^ excellent for artificial lighting. Present levels when 
compared with those of natural sunlight (running into 
tl^e thousands of foot-candles) are indeed puny, but if 
welook on the other hand at the general level of but a 
few years ago we can see that we are making real prog- 
^rfess. However, we seem to be as far now from the 
saturation point in lighting as we were ten years ago 
because our objective is ever advancing. 

In the field.of industrial lighting equipment the 
changes have been many and varied. Types and 
varieties intended for the earlier types of incandescent 
lamps became obsolete with the advent of the present 
day lamps which have a different light distribution, 
different physical dimensions and a much higher* 
brightness. This required new designs on the part of 
reflector manufacturers and as a result today we have a 
variety of reflectors made of different materials and 
suited to different conditions of us8. In industrial 
service those made of enameled sted seem to predomi¬ 
nate, largely on account of their efficiency, durability 
and ease of cleaning, with glass reflectors coming next 
in ordw. The glass equipment in both the prismatic 
and mirror ed t 3 T)es find considerable application and 

^ ♦Edison Lamp Works of General Electric Company, Harrison, 


are, too, very satisfactory. Other met^Veflectors are 
also made, those in aluminum finish probably being the 
outstanding 'ones. Tin reflectors, coated with paint, 
are still used but there hp been a decided trend toward 
the use of the better equipment which, though initially 
more costly, lasts much longer and is more satisfactory 
in the long run. 

Of the more recent reflector developments we find 
several which might well be mentioned. In the vapor- 
proof class, reflectors have been brought out which fill a 
long standing need as they are not only truly vapor- 
proof but wilfactually stand up under^§cid fumes as 
well. For light directing and distributing qualities 
they are similar to the ordinary varieties. 

To k^p up with the trend toward higher'intensities 
of illumination there are now available reflectors which 
will take the larger sizes of incandescent lamps. The 
Glassteel Diffu^r is made in the 760- and 1000-watt 
size and both prismatic and mirrored glass reflectors for 
high mounting are obtainable in the 1000- and 1500- 
watt sizes. It is, of course, extremely important that 
glare be avoided and the*, new reflectors have been 
designed with this in mind. 

For high intensities of illumination on small areas, and 
for the lighting of surfaces such as those of automobile 
bodies in the process of being finished, there have been 
put on the market concentrating types of reflectors '' 
which are particularly well adapted to this sort of work. 

So much depends upon artificial illumination today 
in practically all our ifidustrial entei^rises that when we 
find marked improvements and developments in,equip¬ 
ment it is an encouraging sign ahd indicates that the 
reflating equipment is keeping pace with the demands 
of industry. When we note, too, that continuously 
higher levels of illumination are being successfully 
applied we can readily conclude that this field of elec¬ 
trical application is at last receiving due attention and 
that it holds almost unlimited possibilities for future 
growth. 


PURCHASED POWER FOR RAILWAYS 

In a recent address before the Boston Chambra* of 
Commerce, President Atterbury, of the Pennsylvania 
Railroad strongly indoreed the purchase of electrical 
power for the use of electrified railroads rather than 
entering the power business for supplying their 
properties. Speaking of the magnitude of the work of 
changing the motive power of the railroad, he said: 

We work^ olit a jointly owned power-plant scheme 
mto the United Gasi^ Improvement Company and the 
Philadelphia Electric Company but decided not to go 
mto it. Why should we enter the power business? 
We have no warrant to go into that business which is 
an industry by Itself.' By the time we are ready to 
ufe it we shall be buying power cheaper than we can 
make it ourselves and thereby q.aving a capital invest¬ 
ment of from $20,000,000 to $30,060,000 over a great 
number of years.” ' . 




Institute and Related Activities 


The Dallas Regional Meeting 

Engineering^topics of live interest are on the program of the 
Regional Meeting of the South West District of the Institute in 
Dallas, Texas, May 7-9. Hes^idquarters will be in the Adolphus 
Hotel. Four techmeal sessions are planned and there will also 
be tw(f student sessions. Inspection strips, a most interesting 
lecture, a dinner-dance, etc., are other attractive events on the 
program. * 

^ Engineering Papers ^ 

A-e. networlft, bare-wire distribution, interconnection, light¬ 
ning research, and effect of lightning on J;ransformers, reclosing 
high-voltage circuits, remote meteringf, oil pipe line electrifica¬ 
tion, electrical features of waterworks and lighting of flying 
fields and airways, are among the subjects which will be covered 
in the papers to be presented. 

Student Meetings 

Two student sessions will ba^held on the afternoon of May 7 and 
the morning of May 8, respectively. Stude-it activities will be 


For the ladies, in addition to the entertainment already men¬ 
tioned, there will be luncheons, drives, bridge, shopping tours, etc. 

Reduced Railroad Rates 

Reduced fares on the certificate plan have been arranged with 
the Southwestern Passenger Associatiou. The special rate ap¬ 
plies in full to all who purchase tickets in the Southwestern 
territory. Those who attend from the East may also benefit 
by the rate if they buy straight tickets to any point in the State 
of Arkansas, Kansas, Missouri, Oklahoma and Texas, and 
Memphis, Tennessee, and then re-buy from this point to Dallas. 

Under this plan a certificate should be obtained when the ticket 
to Dallas is purchased. This certificate should be deposited aK 
the registration desk at the meeting and if 100 certificates are^ 
deposited, return tickets may be purchased at one-half the 
regular fare. The .same route must-be followed in returning 
as used in going to Cincinnati. 

Tickets will be sold from May 3 to May 9 and the latest return 
date is May 13. 

Everyone should get a certificate whether he will use it or not. 
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discusseil and ten papers will be presented by students. A prize 
cup will be awarded for the best paper. All members are invited 
to attend these student sessions. 

Inspection Trips 

A number of trips have been arranged to pOints of interest in 
^and near Dallas, These arc sehoduled for 2:00 p. m., May 8, 
and thQ points wliich may be visited are as follows: 

(a) Dallas Power & Light Company generating utation 

(b^ Southwestern Bell. Teleplione Company dial and toll 
equipment • 

(e) Dallas Power & Light Company underground distribu¬ 
tion system 

(d) Other places, such as—refinories, cement plant, textile 
mill, stocking factory, cotton-oil mill. Trinity River Reclamation 
f^ojeot, Trinidad Electric Generating Station using powdered 
lignite, WesDirii Union Plant, packing house, Proctor & Gamble 
Plaint, flour •mill, structural steel fabricating plant, and many 
other points of interest, can be inspected on request. 

Lectures with Demonstrations 
• A most unusual and attractive lecture, supplemented by novel 
demonstrations will be given dn the evening of May 7 by S. P- 
Grace-of the Bell Telephone Laboratories, Inc. The title of this 
talk will be Science and Research in Te^jihone Development. 
‘Ladies, as well as men, will find this very enjoyable. ^ 

Entertainment 

A dinncr-dance on* the* evening of 9, and provisions for 
pla 5 ung golf are thc^chit^f entertainment features. 


Doing this will help others to take advantage of the reduced fare ^ 
which may result in considerable saving to those coming long 
distances. 

•Register in Advance 

By registering in advance by mail, members will help the local 
committees in making plans. « 

At the meeting a registration fee of one dollar will be charged,, 
Students and ladies will be exempt from this fee. 

Hotel Reservations 

Hotel reservations should be made by communicating directly 
with the management of the hotel. Rates for the headquarters 
hotel, the Adolphus, and for other nearby hotels are given below. 
A special rate for students of 76c. per day has been made by 
the management of the Adolphus Hotel. 


HOTEL ROOM RATES 


Adolphus. 

Baker- 

Jefferson.. 


Scott. 

Sanger Apts. 
Mayfair. 


1 Without bath 

Single 

Double 

«2.00 

1.60-1.75 

• 

$3.00 

2.76 


With bath 


S2.00-^.00$3.50<-8.00 
2.00-6.00 4.00-7.00 
3.00 . 5.00 

2.00-3.00 3.50-6.00 
2.00-2.60 4.00-6.00 
2.00-2.60 6.00 
2.00-2.50 4.00-6.00 


• • Committees 

The Regional Meeting Committee of the Southwest District is 
as follows: B. D. Hull, Chairmau, Vice-President South West 
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• INSTITUTE AND llBLATED ACTIVITIES 
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District; A. E. Allen, Secretars^; L. T. Blaisdell, CV V. fiuUen, 
B. J. George, W. C. Looney, G. A. Mills, C. P. Potter, G. C. 
Shaad, and J. B. Thomas. • 

The officers of the other committees are: Local Committee — 
G.,A. Mills, Chairman; A. Chetham-Strode, Secretary; Meetings 
and Papers—3. B. Thomas, Chairman; Entertainment & Receph 
Hon L. T. Blaisdell, Chairman; Transportation & Inspection — 
W. C. Looney, Chairman d; Registration—E, L. Glander, 

Chairmair;. Attendance Sc Publicity—T. C. RuMing, Chairman; 
Finmce Committee—C, G. Matthews, Chairman; Student 
Actipiiies —G. C, Shaad, Chairman. 


Papers by Student Members 

Evaluation of Physical Property of Distribution 
Systems, T. E.*Peters, Univorsity of Arkansas. 

Piezoelectric Oscillators, Leroy AlolTott, Jr., 
University'‘of Oklahoma. 

r Frequency Stability of SplitsAiiode A^agnetrou Oscil¬ 
lators, Norvel Douglas, University of Kansas. 

A Oerieral Network Theorem, L. R. Brown, IJniv'or- 
sity of Texas. 

The Effect of, Terminating Impedances on the Charac- 
tenstics of Filters, M. J. Millor, Washington 
University. ’ ** 

8:00 p.m. Address ‘‘Science and Researcli iii 1\dej>hano 
Development,” S. P. Grace, Teh'phono 
Lab 9 ratories, Inc. 

WEDNESDAY, MAY S 
A. E. Bettic*, Presiding 

9:30 a. m. Bare-Wire Overhead Disirihution Practise, M. C, 
Miller, Texas Power & Light Co. 

Interconnection in Southwest, C. A. AI ills, 
Central and Southwest Utilitios Co.' 

Electrification of Oil Pipe Lines in the Southwest, 
D. H. Levy, Magnolia Petroleum Company. 

^ Selective Remote M(Bering Equipment, It. J. Wenslny, 

WestinghousG Elec, & Mfg. Co, 




Generating Plant of the Dallas Power 


^ program of DALLAS REGIONAL MEETING 
TUESDAY, MAY 7 
9:00 a. m. Registration. 

10KX)a. m. Ope^ of i^avention. B. D. Hull, Viee-Presi- 
^ aent, 7th Geographical District, A. I. E E 
presiding. ’ * 

Address of Welcome. 

Power Session 

G. A. Mills, presiding , 

^bmson aad S. J. Spurgeon, Alabama Pow 

12^p.m. Jojnt Luncheon witlfDaUasBleotrio Club. 

Remarks. R. p. Schuchardt, President. A. 1. E. E. 


9:30 a. m. 


2:00 p. m. 
7 ;00 p, m. 


AND Light Company 

Student Session 

• Open^ Remarks, B. D.'HuU. Vice-Pn^ldont. 7th 
Geographical District, A. I. E. E. 

Stud^t AotWties. H. H. Henline, AsHistant 
National Secretary, A. I. E. E. 

General Discussion. 

Papers by Students 

A Mahod of Measuring Surface Iron Losses, 11. if. 

Gove and R. A. Pelt, University of Missouri. 
PosttweSeme: Its AppUaclion to Vector Diagrams 
T. W. Beams, Texas A. & M. College 

O ^^“8 and G. U. 

G. R. Redden, Texas A. & M. College 

Tc^as, W,E. Hennohson, University of Texas. 
Unt^s^ Deficieney Cbmpensating AmvliHsr 

J-B. Peek, Oklahoma A. &M. College 

Inspection Trips. r ^ 

Dinner-Dance. 


• •• 
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INSTITUTE AND RELATED ACTIVITIES 


THURSDAY, MAY 9 
Morning Session 
J. B. TnbMAS^ Presiding 

Progress in Lightning^ Research, F. W. Peek, Jr., 
Genial Electric Co. ^ 

Aghtning Studies of Transformers by the Cathode Ray 
Oscillograph, P. F, Brand and K. K. Palueff, 
General Electee Co. 

Flying-Field and Airway Lighting, R. Odgen, 
U. S, Army. 

Electrical Features, of the New Kansas City Water 
Works Plant, A. L. Maillard, Consulting 
•Engineer. 


program pla\med by the Convention Committee such subjects 
as distribution, electric transportation, electrical machinery, 
shielding in electrical measurements and others of these topics 
•will be presented. 

Reviews of developments in all phases of electricity •willTDe 
covered in the annual reports of the ^Institute Technical Com¬ 
mittees. Several worth while inspection trips as well as sight 
seeing trips are being arranged. * * a 
Annuarconferences of Officers, Section Delegates, and Branch 
Delegates will be another important part of the* meeting to 
which the first day will be devoted. ^ 

Plans for entertainment and recreation are being formulated 
by a large and enthusiastic convention committee. These 
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Afternoon Session 
• . W. O. Pennell, Presiding 
2:00 p.*m. Meeting Long-‘Distance Telephone Problems in the 
Southwest, H. R. Fritz and H. P. Lawther, 
Southwestern Bell Telephone Co. 

Railway Train Signal Practise, P. M. Gault, 
Missouri-Pacific System. 

Telephone Transmission Networks, T. E. Shea 
• and C. JE. Lane, Bell Telephone Laboratories. 

Program Transmission over Telephone Circuits for 
National Broadcasting, F. A. Cowan, American 
• Telephone and Telegraph Co. 

The 1929 Summer Convention 

A Summer Convention which pronodses to equal any past Insti¬ 
tute convention in excellence of technical discussion and in 
pleasurable entertainment is being planned for this yearns meet¬ 
ing at Swampscott, Mass., June 24 to 28. The New Ocean 
Houge will he headquarters for the meeting. During the past 
six years, the progress of the electricals development in New 
England has made remarkable strides; the electrification of 
industry • has created a multiplicity ^>f opportunities for the 
s&dy of advanced and diversified practise in the application 
of motors and control, modem lighting facilities, and industrial 
■heating. Interconnection of tidewater steam plants and interior 
hydro plants by transmission lines hSiS estaWished a network of 
power supply; a pioneer rotary condenser operating in •an 
atmosphere of hydrogen is in service in Pawtucket; the radio 
broadcasting stationsf universities, colleges, and communication 
companies are preparing for engineering and historic trips 
which this richly developed region affords. In the teclu^ioal 


■will include tournaments for golf and tennis, a dinner, a recep¬ 
tion, dancing, and a day’s trip to York Beach. • 

Further details of the Convention will be published in sue- ^ 

ceeding issues of the Journal. ^ 

-- 

Radio Engineers to Meet April 3 • * 

The New York Meeting of the Institute of Radio Engineers 
to be held on the third of April in the Engineering Societ^ss 
Building will have on its program the following interesting and, 
instructive papers: 

Broadcast Stations, by Henry L. Bogardus and Charles T. 
Manning (to be presented by Mr. Bogardus); The Testing of 
Piezo Oscillators for Broadcasting Stations, by E. L. Hall; 
Observations on Modes of Vibration and Temperature Coeffi¬ 
cients of Quartz Plates, by F. R. Lack; A High Precision Standard 
of Frequency, by W. A. Marrison; A Convenient Method for 
Referring Secondary Frequency Standards to a Standard Time 
* Interval, by L. M. Hull and James K. Clapp (to be presented by 
Mr. Clapp); Frequency Measmement, by S. Jimbo (to be pre¬ 
sented by Doctor Walter G. Cady); and The Precision Measure¬ 
ment of Time, by Alfred L. Loomis. 

The American Welding Society Annual 
Meeting 

With the opening session April 24, and continuing with other 
technical sessions through the morning of the 26th of the month, 
the program of the American Welding Society’s i^ual Meeting 
tb be held*in the Engineering Societies Building, ■will include 
interesting papers on the various applications and phases of 
welding, closing ■with a review of progress made to date and a 
discussion of future committee activities. 
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Colloquium on Power-Circuit AnMysis at 

. M. I. T. 

'' * ^ inolusi’i«, there will be conducted at 

• Technology by its Electrical 

gmeermg Department aided by power transmission engineers 
on sectionsof thecountiy. a CoUoquium 

on Pow-Circuit Analysis wjth special reference to the behavior 

line stability. Registration on 
ne 10 JiU be at 10:00 a. m., with technical session in the after- 

m"? V % Engineering Staff of 

M. J. 1.. Tuesday s sessu^p will be led by the General Electric 
Conipany and the Westinghouae Electric & Mfg. Co., thetech- 

TmL^'v? T 12th, by an eaeteLormidwestem 

sZor^lfn ^ following day there will be another technical 

"foM nreSr ^ discussion of points raised at the 

, nnn preceding Mssions. Bach day’s technical program takes up 
Mine subject of interest and importance to the profession’. On 

intefiVMh*^^’ *1*®'® ""nU be a demonstration of the 

table in the Electrical Research 
- A final announcement, giving 

eut in various speakers, wUl be sent 

* n^hi i, .1“^““^*®® “ay be addressed to Professor G. C. 
Dahl, who is director of the Colloquium. ^ 

Twelfth Exposition of Chemical Industries 

With the growing importance of modem chemical engineering 
to. almost every field of industry, interest in the tS 

' P^l r 1“*!“®*^!®® to be held in Grand Central 

Palace the week of May 6th is bound to he general One 

ex^bitors will be especially prepared to meet foreign guests 
and discuss with them their products and problems. Student 

^^® Professor 

thi Ttf j f ^®*®® Technological College, who will place 
the attendant lectures with competent speaker. ^ 


Jourri^l A. L E. E. 


A. I. E. E. STANDARDS 


R y“^' '• ®- 33 W«l 

Values op A-C. Test Voltage fob Household Devices 
Cancelled 

.J’] *^® *^® 1- E- Standards. Rule 16,000- 

aTMf*rf”no'^'i J®®* Voltage for Household Devices”—specifies 
a test of oOO volte at operating temperature .for heating devices 
taking not over 660 watts and intended sojely for operation on 
supply currents not e.vegeding 275 Volte. This rule hw never 

Qfj ‘ J revision and in accordance with 

Standards Procedum, is therefore still applicable. In the opinion 
•« ! Committee, because of the low -value of test 

specified, the rule should be cancelled. An aetbn recommending 
such action to the Board of Directors was taken and wiU come 
uetore the Board at item.eeting of March 21. 

Standards for Heating Devices 
PoUowi^ the cancellation of Rule 16.000, mentioned pre¬ 
viously, the Standards Committee directed that a committee 
be appointed to investigate the field of both household and 
mdustria,! elMtncal heating devices. The committee will report 
ether the Institute should undertake to develop such standards. 

• Report on Graphical Symbols for Radio ' 

Action was taken by the Standards Committee on February 
7th reMmmendmg the publication as a Report on A. I. E. E. 

“'® subcommittee of the Sectional 
ommittee on Radio on Graphical Symbols for Radio.” This 
report is now in preparation and wiU be avaifable shortly. 

Bureau of Standards to Publish all Letter Symbol in 
Single Volume 

In ^ew of the usefulness of a single vojpme qpnfaining aU the 
r^ently approved standards for letter symbols the Bureau of 
'T-®* of approval by the sponsors of the Sectional 
o^ittw on Scientific and Enginerin^ SymbolsOand Abbre- 

mmnhL?? ®"®^ ^ I^idividual 

S L *‘‘® ®y“bols so far adopted'can be 

purchased from Institute headquarters. ' ' 


* Test Codes for Electrical Machines 

Journal fon Janhary the proposal to establish test 
odes for electneal apparatus was mentioned. A further steo 
connection as the Standards Com- 
^ ee of the ^titute at its meeting of February 27th directed 
* ritulr ®®““^^!®® ®bould be appointed to make a survey of the 

Electneal Mactoery Committee expressing an opiniortSt 
committee with the following personnel: F. M FavmAr aLo,-* 

““tJ. ■’tT"’ “■ ”■ 

. c. Stone. This committee will report on the desirabilitv 
tovofvef methods of work, probable expense and tiS‘ 

involved in preparation of such codes 

by a test code for electrical 
appamtus can be most easily determined by reference tn tL.. 
Test Codes developed by the American 
E^m^rs, such as steam boUers. reciprocating engiuTXf 

apparatus, etc. The purpose of elMtrieal tesfoodes 

their comments it will be greaUy appreciated. Address H. 5. 


Engineering FeUowship at UniVersity of 
Wisconsin 

The follow^ felloirahipa in Engineering are available at the 
Umversity of Wisconsin for the year 1929-30: 

to l^eUowahipa,—stipend S7S0 per year: available 

tetS^^rr ®“f *1®®"^ colleges of recognized standing, and 
mtended to promote graduate study.. Holders-of these fellow-’ 

complete their work for the Mbster of 

Two Research PeUowships;—appointmenU for a "period of two 
^ sufis/ariorj, service; salary for the first year, $900; 

Mtabhshed to promote research work in the College of Engineer- 
are expected to devote not less than one-half their toie to 
assigned research. There will be opportunity to coZlete the 
requmements for the Master Of Science degrM within tS twt 
*«^®'‘‘ble conditions at the eS of one'year 
CanditoM must be graduates of Engineering CoUeges of 
recognized st^ding, anchpreferably should have had one or two 

•‘■“' 11 -. 

obtained from Dean F. E. Turu- 
Q,. , ’ ^®ll®g® Meohanios and Engineering or Dean C 




Winter Convention Discussion 

A summarized report of the discussion of the technical papers 
presented at the Winter ConVention, January 28 to February 1, 
is given in the following paragrapl^. Complete reports of the 

• discussion will be piiblished in the Transactions. In the 
following report the titles of the papers in each session are given 
immediately preceding the corresponding discussion. 

^Session on^Diblectrics and Electrophysics 
Anofnalous Conduction as a Cause of Dielectnc Absorption^ 
J. B. Whitehead .and R. H. Marvin, Johns Hopkins 
University. 

* Poioer Factor andJHeleciric Constant in Viscous ifiquid Dielectrics^ 
D. W. Kitdnin, Simplex Wire & Cable Co. 

Corona Ellipses, V. Karapetoff, ComeUUniversity. 

Flux Linkages and Electromagnetic Induction, L. V. Bewley, 
General Electric Company. 

In the discussion E. R. Thoip|bs suggested that Maxwell’s 
theory of the equivalent circuit might be applicable to the com¬ 
mon dielectrics, explaining his contention by test results on 
laboratory and commercial condensers. P. M. Clark said that 
he has concluded that high absorption and high dielectric loss in 
oils mufift be due in part at least to the presence of impurities. 
He agreed that the dipole theory of Debye g^ves as satisfactory 
explanation as any of dielectric^action. G. M. J. Mackay. sug- 
gestecl that in the determination of the relation between d-e. and 
a-c. effects it would be helpful to study geometrically simple 
set-ups and to exa^erate the effects found in o^nmercial materi¬ 
als. He said that imtil measurements have been made on puri¬ 
fied materials he hesitates to believe that the losses involved in 

• molecular orientation are mainly responsible for the dielectric 
loss found in ei^nee]d^€[ practise. A. Nyman asked if experi¬ 
ence has shown that absorption actually affects the life of a 
dielectric. J. B. Whitehead stated that he found nothing that 
indicates thSt dielectric loss at low frequencies can be explained 
by pebye’s theory, though at high frequencies this theory 
explains the action as stated by Mr. Kitchin. Mr. Kitchin 
agreed *that in liquid materials at low frequencies, such as 60 
cycles, the dipole loss does account for the peak in the 60-cyele 
power factor <?urve. He disagreed with Mr. Clark’s contention 
that impurities affected his results as he had used pure materials 
and checked the results in several ways. 

Session on .Cables 

High-Tension Underground Cable Research and Development, 
G. B. Shanklin and Q. M. Mackay, General Electric 


failure. Cafeles have been tested 25 hr. at 260 volts per mil with 
practically no temperature rise. In discussing oil-filled joints, 
Herman Halperin stated t^at his experience proved thal; oil ^ 
does not migrate to any great distance from the joint. He * 
disagreed with the recommendation to decrease temperatiire 
limits of present cables. T. P. Peterson stated that he believed 
that in cables for 600 to 1300 volts from 2 to 6 per cent of air is 
permissible. * * $ 

In connection with the Dawes, Reichard, and Humphries 
paper, W. B. Kouwenhoven stated that the use of fiat samples 
might have introduced errors as it is very difficult to prevent 
voids in such samples. He added that in his work a sealing 
compound of three parts beeswax and one part rosin had proved 
very satisfactory. J. B. Whitehead pointed out that with some 
kinds of paper at higher temperature the power factor decreases 
as the voltage is raised. In answer to Mr. Peterson’s suggestion,^ 
Dr. Mackay admitted that gas may be present in cable without ^ 
ionization if the pressure is high enough but stated that air is 
objectionable Jjecaufee it oxidizes the compound. . * ^ 

H. R. Searing stated that as triplex cables of the, oil-filled 
type have been developed for operation at 66, kv. and below, ^ 
he feels that these should be preferable to the single-conductor 
cable at these voltages on account of the poorer regulation . 
refulting with the single-conductor cables. P. S. Creager men¬ 
tioned some tests on single-conductor 26,000-volt cable, cross- 
bonded and grounded at every third length as in Fig. 2a of the 
Halperin and Miller paper. He found that under short-circuit 
conditions the voltage across the insulating joints was about 300. 

Mr. Miller stated that his company has not experienced difficulty ^ 
with poor regulation or unbalanced loads among cables operating 
in parallel because the single-conductor lines are short and of 
equal length. 

Session on Transmission and Lightning ^ 

A Graphical Theory of Traveling Electric Waves between Parallel 
Conductors, V. Karapetoff, Cornell University? - 

Progress in Lightning Research in the Field and the Laboratory, 

F. W. Peek, Jr., General Electric Co. 

1927 Lightning Experience on 132-Kv, Transmission Lines, 
Philip Sporn, American Gas c& Electric Company. * 

Theoretical and Field Investigation of Lightning, C. L. Forteseue, ^ 
A. L. Atherton and J. H. Cox, Westinghouse Electrig & 
Manufacturing Company. * . . 

Protection of Transmission Lines from Interruption by Lightning, 
by 1927-28 Subcommittee of Power Transmission & Distri¬ 
bution Committee. « 



Company. • . 

Some'Problems in High-Voltage Cable DevelopmerU, E. W. Davis 
and W. N. Eddy, Simjplex Wire & Cable Co. 
loniMion Studies in Paper-Insulated Cables — II, C. L. Dawes, 
H. H. Ifeichard and P. H. Humphries, Harvard Engineering 
School. 

Reduction of Sheath Losses in Single-Conductor Cables, Herman 
Halperin and K. W. Miller, Commonwealth Edison Com- 
•. pany. 

Losses in Armored Single-Conductor Lead-Covered Cable, 0. R. 
Schurig,^H. P. Kuehni and F. H. Buller, General Electric 
^:!ompany. ^ 

M. T. Crawford in discussing the first paper pointed out that 
temperature changes have caused oi^inary splicing sleeves to 
burst in cases where the cablq insulation was loosely wrapped. 
He recommended that either splicing sleeves be made stronger 
or expansion chambers be provided. F. A. Brownell pointed 
.out the improved performance which modern cables give. The 
maximum life obtained*on five samples tested five years ago «ras 
23 hr. at 192 volts per mil and 6 hr. at 224 volts per mil. At 
present, tests give 226 hr. at 202 volts per mil without failure 
and 96 hr. at 224^volts per mil. The tests leave the present 

cables free from wax and dendriditic designs except near^the 

* « 


Following these papers, K, B. McEachron described test» 
he is making by applying artificial lightning surges to trans¬ 
mission lines. J. H. Cox said that he believed Mr. Peek claimed 
too strongly that lightning phenomena have been reduced to 
definite numerical values. J. J. Torok said he doubted Mr. 
Peek’s contention that lightning energy can be dissipated within 
one span of a transmission line. C. F. Harding brought out 
the advantages of using a cathode ray oscillograph in lightning 
^ studies and briefly described a new instrument of this type 
^ developed at Purdue University. E. S. Lee described a cathode 
ray oscillograph of an actual lightning surge which was shown 
to be positive in polarity, unidirectionai! reaching its maximum 
in 6 microseconds, decreasing to half value in 20 microseconds 
and to zero in 50 microseconds. Superimposed at the peak 
was a highly damped oscillation of 2,000,000 cycles. P. H. 
Thomas voiced the opinion that the rising front of the surge 
wave is the part due to lightning and that the length of tail 
depends altogether on the amount of line affected and its facility 
for dissipation. He suggested further that the resistance .of 
tbwer foottngs is not important in the dissipation of surges as 
the reactance of lines and ground greatly predominates. Edward 
Beck pointed out that the cathode-ray oscillograph has shown 
^.hat lightning surges do not l^ave as steep fronts as formerly 
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thought and that a front of 34 microseeond would \>e unusually 
Btee^. J. S. Mahan and M. G. Lloyd presented records of 248 
^ companies showing the distributi<{a of surge damages among 
different classes of station and line equipment. 

^'Discussing Mr. Anderson's paper, F. C. Hanker pointed out 
the difference in purposes for which a-o. and d-e. circuit breakers 
are used. He questioned the widespread use of high-speed 
breakers in d-c. railway^ebdd^s. In answer to this, Mr. Anderson 
stated that for 1500-volt and SCKXKvolt d-c. feeders* the high¬ 
speed breaker has distinct advantage and is practically a 
necessity. 

In discussing the last tihree papers, P. H. Chase stated that 
the deion circuit breaker promises revolutionary advantageous 
changes in station design which will result from absence of oil 
and high speed of operation. S. M. Dean, Yiele, R. C. Mason 
^and C.’A. Corney made similar comments. J. W. McNairy 
r. described briefly another type of airbreak breaker which he 
said utilizes a principle of deionization similar to that described 
in*Mr. Slepian's paper. Jt. M. Spurck suggested the desirability 
of tests pn the deion breaker in interrupting charging currents 
and exciting currents. In a written discussion, J. D. Hilliard 
claimed *that neither oil throw nor an oil fire need aK^company 
the interruption of an electric circuit by an oil circuit breaker. 
F. J. McKittriek asked if it is possible to have a circuit in wtSch 
the voltage builds up faster than the rate of deionization. 
F. W. McNeill state<> that the extension of the deion principle 
to 25,000-volt breakers bears considerable promise. 

Answering Mr. Spurck's question, B. P. Baker stated that 
tests have indicated that the new breaker will open low currents 
quite satisfa>ctorily. The time of interruption is longer on small 
currents but this time may be decreased by strengthening the 
blow-out field which, however, has not been thought necessary. 
In answering a question of Mr. Dean, he stated that use of a series 
disconnecting switch has been found unnecessary as safety 
requirement^are met more economically by adding insulation 
to the breaker, 

, SiDssroN ON Communication 

’ApjiLicaiion of Radio in AviationyJ, H. Dellinger of U. S. Bureau 
of Standards. 

Influence of Moisture and Electrolytes upon Textiles as Insulators, 

- R. R. Williams and E. J. Murphy, BeU Telephone 
^ Laboratories. 

Py,rified Textile Inaulaiion for Telephone Central Office Wiring, 

• H, H. Glenn and E. B. Wood, Bell Telephone Laboratories. 
Vector Representation of Wave Filters, R. F. MaUina and 0. 

^ Knacknuss, Victor Talking Machine Co. 

^ William Fon^Uer in discussing the first two papers pointed 
out that formerly efforts had been made to increase the insulating 
strength of textiles by treatment with moisture-resisting com- 
potmds but that these treatments affected but slight improve¬ 
ment. The excellent results obtained by washing were due, 
he said, to applying the research point of view to the problem. 
E. B. Wood said the purified textile insulation might be valuable 
for use in tropical countries. 

In answer to a question by H. W. Drake in connection with 
the paper by J. H. Dellinger, H. Diamond stated that it is* 
sometimes difficult to get an airplane pilot to depend on indicar 
tions of instruments rsfther than his visual observation. 

Session on Induction Motors 
The Condenser Motor, B. F. Bailey, University of Michigan. 

The Fundamental Theory of the Capadior Motor, H. C. Specht, 
Westinghouse Electric & Mfg. Co. 

The Revolving^Field Theory of the Capacitor Motor, W. J. Morrill, 
General Electric Co. 

Line-Start Induction Motors, C. J. Koch, General Electric 
Company.* • • 

Calculaiing No-Load Core Losses in Induction Motors, Thomas 
Spooner and C. W. Kincaid, Westinghouse Electric & Mfg. 
Company. ^ . • 


In discussing the first three papers, C. R. Boothby pointed out 
that the maximum torque of a capacitor motor is inversely 
proportional to the total resistance of the capacitor phase cir¬ 
cuit. H. C. Louis asked if it is an inherent fault that the capaci¬ 
tor motor requires 30 to 50 per pent more starting circuit than . 
repulsion nfbtors. He asked also if condensers Are made which 
will last in service. Answering this question A. Nyman stated 
that if large enough paper condensers are used, they will last 
for years. W. I. Schlioter said that reliable condensers ^re now 
being manufactured, M a written discussion, E. G. Michelsen 
and L. P. Hemphill stated that the capacitor motor is not in¬ 
herently reversible But that its characteristics in tliis regard are 
dependent on design, the value of extern^ reactance being 
the predominating factor. H. C. Specht pointed out that claims 
should not be made that the capacitor motor is preferable where 
polyphase energy is available. P. H. Rutherford stated that he 
believed that when large production is obtained the cost of the 
capacitor motor will be very ne^ that of the repulsion induction 
motor. W. J. Morrill said bh thought the coat will be about 25 
or 30 per cent higher for the capacitor motor than for another 
motor in the same competitive ol^s. 

Several of the speakers expressed the opinion that the present 
permissible starting currents allowed by the power companies 
axe too low and A. M. MacCutcheon advanced the idea that 
possibly the time and the frequency of starting should be con¬ 
sidered. F. E, Harrell commenting on Mr. Koch's paper 
claimed that it is questionable from the standpoint of manu¬ 
facturing econqni^, that the double-cage mot<or is superior to the 
single-cage motor. C, W. Franklin i)ointe^ out that the power 
companies must require that starting does not give trouble to 
other customers, particularly on combined power and light ^ 
circuits. For this reason he said incremeiijial starting is desirable 
in some cases. 

Session on Electrical Machinery 
Insulaiions Testa of Electrical Machinery Before and After Being 
Placed in Service, C. M. Gilt, Brooklyn Edison Company, 
and B. L. Barns, Canadian General Electric Company- 
Influence of Temperature on Large Commutator Operation, F. T 
Hague and G. W. Penney, Westinghouse Electric & Mfg. 
Company. 

Effect of Transient VoUages on Power-Transformer Design, K. K. 
Palueff, General Electric Co. 

Transient Analysis of A-C. Machines, Yu. H. Ku, Massachusetts 
Institute of Technology. 

Two-Reaction Theory of Synchronous Machines—Part I, R. H. 
Park, General Electric Company.- ^ - 

J. S. Henderson in connection with the first paper claimed that 
if turbine generators must be dried-out after installation^spaee 
heaters should be used instead of short-circuit current in the 
generator windings. He also suggested tests shorter than one 
minute on installed apparatus, F. E. H. Mowbray disagreed 
with the maintenance tests proposed by the Gilt and Barns 
paper. He recommended a test to ground on one phase at^a 
time with the other phases grounded, at 130 per cent of norhial 
line voltage for 16 seconds. D. A. McKenzie advocated rigid 
adherence to A. I. E. E. Standards in testing newly installed 
generators. F. D. Hewhurg said he doubted that standards 
could be agreed upon for tests during service. W. F. Dawson 
cautioned that dust and'^iiirt should be removed from windings 
before they are subjected to high-sYoltage tests. Several speakers 
agreed that standardization of tests immediately after installa¬ 
tion is desirable but that periodic service tests cannot be 
standardized. ^ 

fa discussing the Hague and Penney* paper, C. R. Soderberg 
emphasized the great value of the brush-drop test for analyzing 
the mechanical behavior of commutaters, C. L. Dawes enumer¬ 
ated some of the qualities required in coiQimutator mica and 

discussed the effects of varying the amount of'binder. F. D. 

• * 
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Newbury stated that in connection with commutators the 
A. I. E. E. Standards need revision so that the requirements will 
be phased on mechanical tests ’rather than elecffcrical. G. W. 
Penney pointed out further that the allowable temperature also 
depends on the mechanical construction of each commutator. 

J. P. Peters^pointed out the difficulty of equalising: voltage 
stresses in transformers by means of static shields as suggested 
in the paper by-K. K. Palueff. P. W. Peek, Jr. spoke of the 
advantages of maMng a transformer oscillation-proof as is 
attempted in M. Palueff’s design. Be explained also that it 
is impossible to protect a transformer by installing an inductance 
in series with it, as the resulting Voltage on the transformer wind¬ 
ings may acthally be increased by this arrangei^nt in case of an 
impulse voltag€^o5i the line. V. M. Montsinger stated* that the 
A. I. E. E. Rules for transformers on solidly grounded systems 
are not satisfactory. These rules specify ^hat insulation should 
bo tested at 2.73 times normal line voltage. Experience has 
shown, he said, that this practise is satisfactory in sections where 
lightning is not severe but is not satisfactory in severe lightning 
sections. 

Session on Electrical Measurement op Non-Electrical 
Quantities 

Magnetic Analysis of MaterialSy R. L. Sanford, U. S. Bureau of 
Standards. 

Measurements of Flow by Use of Electrical Instruments^ W. H. 

Pratt, General Electric Confpany. , 

Use of the Oscillograph for Measuring NonnElectfical Quantities^ 
D. P. Miner and W. B. Batten, Westinghquse Electric & 
Mfg. Company^ 

Study of Noises in Electrical Apparatus^ Thomas Spooner and 
• J. P. Poltz, Westinghouse Electric & Mfg. Company. 
Electrical Aids ^io Navigations R. H. Marriott, Consulting 
Engineer- 

Commenting on Mr. Sanford’s paper, B. M. Smith mentioned 
a furtlier uwful application of magn^ic analysis; namely, the 
determiivition of the chemical composition of magnetic materials. 
A. db Forest stated tljat he believed magnetic tests are more 
funditmuntal than mechanical tests. 

In connection with the paper by Messrs. Miner and Batten, 
M. A. RushSr mentioned several additional mechanical measure¬ 
ments wbioli can be made by means of the oscillograph, such as 
displacement, rotational speed, vibration, timing, sound-record¬ 
ing, etc. A. V. de Forest stated that a carbon pile has been 
developed which is very useful in measuring pressures and move¬ 
ments in connection an oscillograph. W. B. Kouwenhoven 
told of several medical uses of electrical measurements. T. B. 

• ‘Floyd and Perry Borden both told of the use of one oscillograph 
element* in measuring more than one quantity. Mr. Borden 
citing a case when time, rotational speed and current were 
recorded in one curve. Cf. A. Mead outlined the use of the 
oscillograph fb piano tuning. P. G. Graph mentioned its use in 
detennining the extent of oil pools. E. S. Lee described the 
use of electrical measurements in determing the shaft horsepower 
on very largo electrically driven ships. 

Sesbion on Instruments and Measurements 
Telemcierings C. H. Linder, H. B. Rex, C. E. Stewart and A. S. 
Fitzg6u*aVl, General Electric Co. 

TolaRzing of Electric System Loads, P. JVE. Lincoln, Cornell 
University. 

A New Tligh-^Accuracy Current Transformer, M. S. Wilson, 
• General Electric Company.^ 

132'-Kv. Shielded Potentiometer for Determining the Accuracy of 
Potential Transformers, C. T. Weller, General Electric 

Company. * • 

A Precision Regulator fdn Alternating Voltage, H. M. StoUer a«id 
J. R. Power, BeU Telephone Laboratories. 

In discussing the first paper, S. C. Jacobi described the tele¬ 
metering system of the Montaup Electric Company and outlined 
several advantages the system. • 


In connection with Dr. Lincoln’s paper, H, B. Brooks pointed 
out that where graphic records are not required other t3q)es of 
instrume^s than the potentiometer are satisfactory for indicating 
the voltages produced by the*thermal converters. P. L. Lawton, * 
D. A. McKenzie and A. R. Welds stated that the scheme V>f 
totalizing has been used extensively on their company’s system 
with advantageous results. Bela Gati suggested the use of 
of barretter wires (having very sm^ll diameter) in the totalizing 
meter. He said this would reduce the time of response to about 

O. 0001 second. In answer to a question. Dr. Lincoln stated that 
there is no error in indication when the meter is operated at 
half voltage and double current. ^ 

J. B. Gibbs and A. M. Wiggins in discussing Mr. Wilson’s 
paper stated that smaller transformers with hypernik cores and 
without special compensation will give about the same perform¬ 
ance as the silicon steel transformers with the compensation^ 
described in the paper. ^ 

In discussing the paper by C. T. Weller, W. B. Kouwenhoven 
described a voltage* divider which he* had made in which the 
resistance was furnished by a tube of ‘‘manganin solution.” 
This solution he said has a constant resistance .and a tube one 
meter long and 1.08 mm. in diameter has a resislance of 
24,000,000 ohms. He also described wire-wound resistances , 
wMch he had used. R. L. Benbroeek described the method used 
in calibrating the 132-kv. potentiometer for phase angle. G. 
Thomas brought out the large volume of apparatus necessary 
in employing the resistance train method of measurement at 
high voltage and suggested that the capacitance train which 
involves much smaller equipment might be used with good 
results. Mr. Weller replied that he had considered the latter 
method but had not adopted it because capacity measurements 
are not as accurate as resistance measurements and capacitors 
tend to amplify harmonic voltages. 

Commenting on the paper by Messrs. StoUer and Power, 

P. A. Byles claimed that a vibrating contact regu]|btor speciaUy 
constructed when used with saturated-core transformers will 
give very close regulation, that is 5 per cent above and below, 
normal voltage. 


To Members Going Abroad . 

Members of the Institute who contemplate visiting foreign i 
countries are reminded that since 1912 the Institute has l^d 
reciprocal arrangements with a nufaber«of foreign engineeriug 
societies for the exchange of visiting member privileges, wtich 
entitle members of the Institute while abroad to membership 
privileges in these societies for a period of three months aqd 
members of foreign societies visiting the United States to the* 
privileges of Institute membership for a like period of time, upon 
presentation of proper credentials. A form of certificate which 
serves as credentials from the Institute to the foreign societies 
for the use of Institute members desiring to avail themselves 
of these exchange privileges may be obtained upon arolication 
to Institute headquarters, New York. 

The societies with which these reciprocal arrangements have 
been established and are still in effect are: Institution of Electrical 
'Engineers (Great Britain), Societe Prancaise des Electriciens 
(Prance), Association Suisse des Electriciens (Switzerland), Asso- 
ciazione Elettrotecnioa Italiana (Italy), BR>ninMijk Instituut van 
Ingenieurs (Holland), Verband Deutscher Elektrotechniker E. V. 
(Germany), Denk^ Gakkwai (Japan), Norsk Elektroteknisk 
Porening (Norway), Elektrotechnicli^ Svaz Ceskoslovensky 
(Czechoslovakia), and The Institution of Engineers, Australia 
(Australia). 

The 1929 Yeat Book Ready 

•The 1929*issue of the Institute’s Year Book is ready for dis¬ 
tribution and may be obtained upon application at head¬ 
quarters. The book contains both alphabetical and geographical 
cataloging of Institute membei;p, revised to January 1, 1929, 
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jQjiroal A. 1. E. E.' 


together -with copy of By-Laws, Constitution, list of officers, 
list^of committees, and other information pertinent fo Institute 
aotivities. 


I* AMERICAN ENGINEERING COUNCIL I 

siiiiiiiiiiiiiiiiiiiMiiiiiiiiiiiiiiii • i 

BBTORT ON STBE^SIflNS. SIGNALS. AND HARKINOr''"”’ 
The TOport of the*CounciI’s Committee on Street Traffic 
Si^s, Signals, and Markings is now off the press and is causing 
widespread interest and favorable comment. Many requests for 
wpies are being reeeived^y L. W. WaJlaee, Executive Secretary. 
It IS the ambition of the committee to have its recommendations 
car^Ily eoiwidered and adopted as a part of aU national munici¬ 
palities and in order to accomplish this the suggestions are made 
^ (a) that in each locality where there is a local engineering section, 
^ the president be supplied with a copy of the report with aa»ecom- 
mendation that he in turn, through a local committee of his own, 
disseminate.the information contained in*the rpport; in com- 
mumties where there is no local society, the local section of the 
national society would exercise this same method of information; 
m municipalities where there is neither local society nor local 
. that there be an endeavor to organize a local section 

though some local engineer or civic organization. The CoiAcil 
offers to supply such local committee with a necessary number of 
reports and such other guidance as is required. It would appear 
that now, when traffic matters are so ultra important every 
cgnmunity would benefit greatly by organizing to avail itself 
of this offer of the Council. 


This is the third edition of this steam plant manual, which 
has been brought up to date and inoludes new matter which 
m^es it nearly double the size of'the earlier editions.' It com¬ 
prises a reference book on. steam plant which has been compiled 
from papms read before engineering societies, books, technical, 
periodicals^ etc., arranged in convenient tona fbr managers and 
operators inte^ted in boiler room efficiency. Five sections 
cover the subjects of fuels, combustion, heat absorption, boiler 
effimency, and testing. The final section uiscusses he(^ balanc¬ 
ing, water conditioning &id protection from scalk^ and corrosion. 
Mbceanicb pob Enoinisiibs, by Julian<C. Smallwood and Frank 
W. Elouwenhoven. New York, D. Van Nostrand Co., Inc., 
186 pages,i8 by 9 in., cloth, illustrated, 1988. Price $2.50. 

This book has been specially arranged for the use of engineering 
stuelents by including ^limited treatment of statics and kine- 
matios and omitting such subjects as do not apply directly to 
an engineering course. As the average student cannot assimilate 
a oomprehe^ve ooui^ in nfebhanics in the limited time usually 
allotted to it the engineering curricula, only the most MSAn t.i«.i ' 
mb jects have been included. Emphasis is placed on the physical 
interpretation of the equation^ and laws presented. Inter- 
sperced throughout the book are problems on the various subjects, 
the first one being in each case worked out, followed by others 
for the student to solve. Answers to all the problems are given. 
For .courses involvi^ a time tojp limited to cover the entire text, 
certain articles des^nated by italic numbers are recommended 
for omission. 


BOOK REVIEWS 

DisTmamnoN op Elbctrioitt by Overhead Lines. By 
■ William T. Taylor. London, Charles Griffin & Co., Ltd, 

266 pages., 6 by 9 in., cloth, illustrated, 1928. Price $6.60. 
The bool^is intended for engineers engaged in planning 
conslracting and operating ovwhead distribution lines, and the 
. praetiMs presented are of general application and are not 
• i^ecially to English usage. Many references to AmAri A R n 
Standards are given. It is divided into seven chapters, the 
first two of which cover the history, study of the location, and 
^ genmal pmciples of design of a-c. distribution lines. The author 
oonaders the three-phase four-wire system the ultimate method 
of dMtnbutaon. A v^ complete chapter on the calculations 
fop. the design of lines is given, followed by a chapter on the 
v^ous mechanical details of design. The book concludes with a 
chapter on distribution maintAnitnAfl 

^ Storage Batteries. By Morton Arendt. New York D. 
Van Nostrand Company, Lie., 285 pages, 6 by 9 in., cloth! 
illustrated, 1928. Price $4.60. 

The author’s lectures to engineering students at Columbia 
CoU^e and to officers at the U. S. Submarine School over a 
number .of years is the material from which the book has been 
developed. It is essentially a book for the practical man who is 
Interested in the application, maintenance and operation of 
storage batteries. The complicated chemistry of the storage 
batt^ has only been included sufficiently to explain the char-* 
Mt^tics ^d reactions of the cells. A brief introduction and 
totory of the storage battery is fohowed by a chapter on general 
ttTOry which is very simply eiqilamed. The method of manu- 
factm and forming lead plates and the sulphuric acid electrolyte 
are desonbed, and the factors influendng capacity and efficiency 

are disou^ -A-chapter on the details of construction of the 

lead <»U IS foUowed by a very practical chapter on installation 
op^tion, and maintenance. Other subjects toeated are the 

J^attery testing and numerous 

ULdustnal appUcatiozis. 

FiNDma AND Stopping Waste in Modern BoanR Room, 
^ted by George H. Gibson. Philadelphia, Pa., Cochrane 


Radio, by Bllhef E. Bums. New York, D? Van Nostrand Co., 
Ine. 265 pages, 5)4 by 8 in., oloth, illCstrated, 1928. Price 
$ 2 . 00 . 

This is essentially a book of first principles and is adopted "to ' 
the requirements of students and experimenters in radio. The 
work is arranged to give first the fundamental electrical theory 
of radio and then a study of the different parts and their applica¬ 
tion to radio circuits. The mathematics employed are very . 
simple and the book is written so as to be easily understood by the 
non-technical reader. The book starts with an explanation of 
ample receivi^ circuits, followed by chapters on electric bat¬ 
teries, magnetic action of electric currents, and el^trio circuits 
and Ohms law. This is followed by alternating-current phe¬ 
nomena and laws, and descriptions of the component parts and 
their functions in receiving circuits. The last chapter is on radio 
measurements. The book is prefaced by a “suggested course of 
study which will bo helpful to the student. 

Laws ov Management Applied to Manttpacturinq, by L. P. 

Alford. New York, The Ronald Press Co. 266 pages- 
X 8in., oloth, illustrated, 1928. Price #4.00. 

The basis of this book is a paper by the author presented in 
1926 to the American Society of Meohanioal Engineers^ The 
author has formulated about 60 laws which have b^en developed 
during many years of experience in manufacturing processes. 
Each of these fundamental laws or fundamental principles in 
manufaoturmg organizations is discussed fuUy and examples are 
cited showing the appUcability of the law to specific instanees.of 
m^iffacturing, and the gains and improvements secured thereby. 
The book opens -^th a chapter on progress in manufacturing' 
which calls attention to the developments of ma-Js production 
merging of large cofJ)orate units, discovery and application of 
new products, and the v^ common use of articles which a short 
while ago were considered luxuries. Progress in management Is 
shown to have occurred as the result of the appHcation of funda¬ 
ment^ laws, which are discussed in the remaining chapters. 

The book is wntten in popular style and should be of interest to 
all factory executives. 

Practical Television, by E. T. Lamer. New York, D. Van 

^sfimd Co., Ino. 5)4 by 8)4 oloth, aiustrated, 1928. 

xTice #0.76. 

ThM work presents a very interesting ctory of the gen^ 
principles on which television is founded and fawts the subject 


A 

A 






1 


April 1929 • 


INSTITUTE AND RELATED ACTIVITIES 


in a manner which can be readily understood by the non-tecbnical 
reader. The book distinguishes clearly between television, or 
the instantaneous transmission of images, and telephotography, 
or the transmission of photographs by wire dr radio—two related 
^ subjects which are frequently confusSd. A brief summary of the 
early attempts rin television and the historical aspects of the 
subject is given, and the selenium cell, which is the basis of all the 
early experiments in this field, .is described. The photoelectric 
cell is the next develbpment treated and one chapter is devoted 
to ConSnental and American researches in television. The 
subjects of optics, television technique, and recent developments 
conclude the book. The subject is probably one of the most 
fruitful in prospects for the research worker. 

Graphical ANi^tYsis op Altbrnatino-Current Circuits, by 
Frederick W. Lee. Baltimore, Md, F. W. Medaugh, 
Civil Engineering Dept., The Johhs Hopkins University. 
76 pages, 6 x 9Ji in., cloth, illustrated. 

It is of great advantage to the Student and Engineer to be able 
• to visualize equations by means of ^aphs and this book develops 
a graphical method of solving alternating-current problems which 
is based on the analytical method as a foundation. It is divided 
into seven chapters, the first two of which are devoted to the 
principles of vector analysis and loci diagrams. The remaining 
chapters show graphical solutions of the fundamental equations 
of alternating current circuits. The book will be found very 
useful *to the student by enabling him to visualize the ful] possi¬ 
bilities of a circuit without recourse to tedious solutions of long 
equations. « # • 

... mm,mum . . ............ 

, 1 . PERSONAL MENTION 

..... 

Edward T. Newton has resigned his position as Assistant 
Electrical Eimineer of the American Brass Company at Water- 
• bury, Connect^icut, to accept an appointment as Junior Examiner 
in theUjilted States Patent Office at Washington, D. C. 

W. Jj. Bird has just been appointed Vice-President of the 
Kaminitiquia Power Company of Canada. Mr. Bird is a Fellow 
of the Institute, Past-President of the Canada Electrical Associa¬ 
tion, and a member of the Hydraulic Committee of the National 
Electric Light Association, 

K. W. JoHANSSONr Switchboopd Engineering Department, 
Westinghouse Electric International Company, sailed yesterday 
on the North Germon-Lloyd liner Meunchen for Cherbourg, 
whence he will proceed to Barcelona to supervise the installation 
of the electrical equipment which is one of the features of the 
* International Exposition at Barcelona this summer. 

Hamilton McRarV Jones, manager of the Department 
of the Americas of the Westinghouse Electric International 
Company, hg.s recently resigned from that organization to 
accept a position as General Manager of the Intermtio^ 
Power Company and Vice-President of the Montreal Engineering 
Company in Montreal, Canada. 

H. Hobart Porter, President of the American Water Works 
and Electric Company, and of the Brooklyn City Railroad 
Company, has been elected to succeed L. B. Stillwell as 
Chairman of» Engineering Foundation. Mr. Porter is also 
chairman of the Board of the West Penn Electric Company and 
Vice-President of the Queensboro Gas and Electric Company. 
He is also a member of the Divisiofl of Engineering of the 
Executive Board of the National Research Council and a Trustee 

of Columbia University. . , „ . 

R. J.‘S. PiGOTT who for three years was Mechanical EngmeOT 
with Stevens & Wood, Incorporated find later Consulting Bi^- 
neer with Public Service* Corporation of New Jersey Productien 
Company and Smoot Engineering Corporation has returned to 
the Stevens & Wood organization as Consulting^ Mechanical 
Engineer. For several years Mr. Pigott was Chairman of the 
A. S. M. E. Main Research Committee and has had wide experi¬ 


ence with industrial and power plants. In his new assignment 
he will devote his time mainly to solving the problems of indus¬ 
trial companies both in matters of power and production. • 

•• _»_ i 

Obituary 

Charles Schenck Bradley, whose biographical sketch was 
published in the May and July 1928 issues of the Institute 
Journal, under the heading of “Some Leaders of the A. I. E. E., 
died Sunday, March 3, at St. Luke’s Hospital, New York,N. Y. 

He was recently made an Institute Member for Life. 

Cecil P. Wilson, Engineer of the New York Telephone Com¬ 
pany and an Associate of the Institule since 1918, died in St. 
Luke’s Hospital of pneumonia, January 22,1929. 

Born February 11, 1889 at Roseville, Ohio, Mr. Wilson was 
graduated from the Ohio State University in 1911 with a degree of 
M. E. in Electrical Engineering, and was elected a member of the ^ 
Sigma *Xi Society. During the summer of 1910 he was made » 
switchboard operator of the PittsburgJji Platj Glass Company, 
Crystal City, Missouri, where he also had experience in general 
power electrical repair work. After graduation he joined the 
New York Telephone Company’s office at Newark, New Jersey, 
as Telephdne Engineer of the New Jersey Division, and in 1917^ 
he was appointed Division Equipment Engineer. After a 
yei’s service there he was transferred to the New York pffice 
as Engineer in the Engineering Department at 195 Broadway and 
remained there the rest of his period of servibe with the Company. 

Harold P. Thomas, Foreman of the Test Department of the 
Lincoln Electric Company of Cleveland, Ohio, died February V, 
1929 at bis home, East Cleveland, Ohio. 

Mr. Thomas was born at Pittston, Pa., December 18, 1885. 
After passing through the grade schools, high school and pre¬ 
paratory school of his home town, he spent three years in the 
Medical School at the University of Pennsylvania. From 1902 to 
1906, he was successively electrician’s helper, colliery electrician 
and division electrician for the Lehigh Valley Co^l Company, 
at Wilkes-Barre and for the next three years during the summer 
months continued this work with it. From 1910 to 1914 he was , 
engaged in electrical repair wor^i following this with an appoint-* 
ment as Foreman of Winding, Assemblmg and Testing depart¬ 
mental work for the Dyneto Electric Company of S^acuse, New 
York. In 1917 he became Maintenance Electrician for the 
Willard Storage Battery Company, of Cleveland, Ohio; in 1918, 
neer for the American Ever Ready Company, Cleveland, Ohio 
and in 1921, the year in which he became an Associate of the 
Institute, he was appointed to the position of Test Inspector for 
for the Ldnooln Electric Company. ^ 

Tester and final inspector of all motors manufactoed by the ^ 
Van Dorn Electric Tool Company, Cleveland, Ohio; in 1920, 
Foreman of the Assembly of Electric Fans and Small Motors for 
Adams Bagnall Electric Company; in 1920,. Powerhouse Engi- 

FERDINAND FOCH, Marechal de France—at 138 rue de 
OreneUe, Paris. March Twentieth, Nineteen Hundred 
and Twenty-Nine. 

• ■ ■ ' ' " 

Elected an Honorary Member of the Institute and other 

Founder Societies 1921. ‘ x. n 

It will be remembered by Institute members that Marshall 
Fooh visited the Engineering Societies Building, New York, 
March 13, 1921, tite date under which a medallion of com¬ 
memoration was mounted on the West wall of the Main Foyer, 
just to the right of the case containing the regimental colors of 
the Twenty-Fourth Engineers, Service of Supplies, A.E.F.,and 
the Twenty-Seventh Engmeers* American Engineering Troops, 
Advance Section, A. E. F., who served under the Marshall at 
Marne-Aisne, Aisne-Vesle, St. Mihiel, and the Axgonne-Meuse. 

He died as he lived—^a great man. 
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GROUP ACTIVITIES PROPOSED IN NPW YORK SECTION 

A movement is now under way within the New York Section 
to mwde the section momljership into groups according to the 
field m which they are interested. At the present tinje four such 
^oups are in view, namely; the Power group, the Communicar 
non, ^ansportation and Illumination groups. It is proposed 
that these individual groins win each hold a number of meetings 
during e^h administrative year for the presentation and dis- 
oussion of papers of particular interest to them. The groups 
vnU be m arranged and divided into committees as to be able 
to handle completely their own meetings and ajffairs in 
'■ provide an opportunity for a large number 

ot STOtion members to take part in Section afifaars, and permit 
^80 for wider disoussioipparticipated in by men who ordinarily 
do not get such opportunity at the large generaf monthly meet- 
1^. The monthly meetings on subjects of general interest to 
tne entire Section membership will be continued. The Power 
V^SJup has set the date for its first meeting for April 10th and a 
program is being prepared. This group is under the chairman- 
T • Sutherland of the New York and Queens Electric 

Light and Power Company. The chairman of the other three 
^oups aro as follows: H. S. Sheppard, Communication; T. R. 
Langan, Transportation; B. B. Dorting, Ulumination. 

FUTURE SECTION MEETINGS 
Cleveland 

A Electric League Rooms, Hotel Statler. 

April 18. 

A^u^ Dimer Meeting. Speaker: R. P. Schuchardt, Presi¬ 
dent, A. I. B.^B. ElectricLeague Rooms, Hotel Statler. May 23 . 
Golumbiis 

‘ ting Ohio State University Branch. Smoker 

' and buffet luncheon. April 26. 

Power S«pp^ Railway*Signals and AutomcMc Train 

Octroi, by C. F. Krug, Jr., Westinghouse Electric & Mfg. Co. 
^temoon 8ession,'2:30 p. m., Ohio Power Co. Building, Newark 
Olua Inspeotion of Pennsylvania Railroad automatio train 
Mntool TObstetion in Newark. Evening session, 6:30 p. m., 

CMttenden Hotel, Columbus. Ladies Night. Election of 
omcers. May 24. 

^ Detroit-Ann Arbor 

XT Detroit Edison Co., and J. R. 

North, Commonwealth Power Corp. Detroit, April 16. 

Lehlfjh Valley 

NcUional Electrici Code, by A. R. Small, and 

Features of Mack Plant, by W. P. MitcheU. Ameri- 
cus Hotel, Allentown. April 19. 

Power Transmission, by A. 0. Austin. Inspeotion ot Hazleton 
Service Depot. Altamont Hotel, Hazleton. May 10 - 11 . 
Madison 

Some ^cent Research Devdopmenls of the Westinghouse Elet> 

Director of Bngg. 

fllm^^°Mry showing of Baron Shiba’s high speed 

Pittsbinrdh 

Ladies Night. Meeting and Dinner Dance. May 14. 

Pittsfield 

Demonstration of artificial lighting and hiffh-voltaB*e nhe- 

Wo,h, CMnraa KtoMoX ^ 

Bngg. Sooioty'of Western Mass. April 16 . • • 

St* Louis 

April 17. 

May 16. 


Saskatchewan, 

Annual Meeting, Election of Officers. April 26. 

. Seattle 

Joint meeting with University of Washington Branch. Pro¬ 
-am under direction Prof. George L. Hoard, UniVirsity of 
Washmgton. April 16. 

Competitive Papers. May 21. 

^ Sharon 

Youngstown,^Ohio. May 4. ^ 

Toronto 

Kflwuuw Tube Device^, by J. V. Beisky, Westinghouse Elec- 

0 & Mg. Co. Hamilton Canadian Westinghouse Company 
Auditorium. April 21. 

Ladies Night. Election o^ Officers. May 10. 

Utah 

Recent Developments in the Telephone Field, by H. W. Oddis, 
Timsimssion and Protection Eng:*., M. S. T. & T. Co. April 16. 
Jomt meeting with University of Utah Branch. May 13. 

Vancouver 

Concentrators at Trail, by H. A. Moore, Toronto. May 7. 

- Wasl£bDi^ton 

HtghrCapacity Mercury Arc Rectifiers, by F. A. Faron, General 
EleotnoCo. ;M*i.yl4. 


PAST SECTION MEETINGS 

Boston ' 

rro»Mo«o«fec T^Phmy, by Dr. J O. Petrine, .American Tel. & 
mi. Buffet supper. February 12, Attendance 150. 

by M. B. Pike, Dexter P. 
Cooper, Inc. Mar(fii5. Attendan6'e 125. 

Ghicado ^ ^ 

n'^E ^7 *4 by^Paul S; Clmp, hlanadng 

a • ■f" Eleotrlcfl leo- 

^eiety of Engmeers. Dinner to the speaker 
md Executive Committee. January 21 , Attendance 30a 
Boulder Dam Project. R. F. Sohnohardt, President, A. I. E. E. 

speaker, I^f. Daniel W. Mead, Consulttog 
Ei^meer md one of the three eng^ews appointed bv 
report on the eoonomio and enginoer- 
^n^^i®®o ®+- *^“ 8 Jro 3 eot. Slides. Joint meeting- with 
i-nr Section, Western Society of Engineers, preceded 

Cincinnatd , 

Htgh-VoUag^ High-Frequency Phenomena, by P. W. Peek Jr 

nw TP meeting with Engineers’ Club 
-Uayton, Ohio. February 12. Attendanoe 200. 

GlevAlAngl 



February 21, Attendance ( 

I'Vklirvn K* VO 


preceded the meeting. 



« Jyxrg. UO, Illustrated 
Circuit Breaker was read* 
E^OTtt, Dept, of Eleoftical Engtaee^ 
Ohio State Umversity. February 8. Attendant 46/^ 

Connecticut 

Interconnections, by C. W. Mavott 
. Exohiiige. The 

• hdd at Norwich, was preceded bv three reels nf 

Teleplmm^uite/’ 

and Gathemg of I®ng Leaf Pine Poles,” and “Apparatus 
for Transmission of Piotures.” JamUlryie. iSteffl^^ 

Bl^neal Devdop^ in tte Prprince M Ontario, by P. A. Borden 

• Development Bngr., The Bristol Companyl and 
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Electrolytic ConSenaerSt by F. W. Godsey, Jr., Yale University. 
Meeting held at Waterbury, February 26. Attendance 36. 

Dallas • 

Telioox/hy J. L, McCoy, "W^estinghouse Electric & Mfg. Co. 
February 4. Attendance 101. ^ 

• Electric Welding of Steel Buildirwa and Bridges^ by F. P. 

McKibben,Consulting Engr., General Electric €Jo. Slides. 
Brief reports concerning pro^m of Regional Meeting to be 
held in Dallas.* Local Sections of four other national so¬ 
cieties invited. JFebruary SO. Attendance 179. 

• Denver ,.s 

Recent Laboratory Develo'pments in the Communication Art, by 
R. B. Bonney, Educational Director, The Mountain States 
Telephone and Telegraph Co. Slides and educational sound 
pictures dem^strating carrier telephony, j^eports of the 
Membershijs and Program Committees. Dinner. Febru¬ 
ary 15. Attendance 60. 

Detroit-Ann Arfcor 

Light Sources in General, by Prank Benford, Research Labora¬ 
tory, General Electric Co^ Business session. President 
R. F. Schuchardt’s message in the January 1929 issue of the 

* Journal was read and discussed. Joint meeting with 
Michigan Section, Illuminating Engineering Society, pre¬ 
ceded by a dinner. February 19. Attendance 100. 

iSrie 

Aviation As a Commercial Proposition, by G. G. Jury, Cleveland 
Traffic Representative of Stout Air Service. February 19. 
Attendance 100. 

Port Wayne 

Railroad Electrification, by J. V. B. Duer, Elec. Engr., Pennsyl¬ 
vania Railroad. Motion pictures were shown before and 
refreshments sd^ved after the meeting. Ptbwiary 28. At¬ 
tendance 55. ^ 

Houston 

Televox, by J. L. McCoy, Westinghouse Electric & Mfg. Co. 
Demonstrating !gebruary 7. Attendance 180. 

Electric Welding of Steel Bridges and Buildings, by P. P. 
McEiibben, Consulting Engr., General Electric Co. lUus- 
strated. ^ Joint me§ting with Houston Engineers Club and 
« Sections of seven national societies. Meeting preceded by a 
dinner. February 21. Attendance 160. 

^ ^ Indiaiiapolis-Lafayette 

Aircraft ^Development, by Major J. E. Pibkel, Wright Field, Day- 
ton, Ohio., and 

Present Status df Electric Welding of Structural Work, by A. M. 
Candy, Weldii]^ Engr., Westiiihouse Elecixic & Mfg. Co. 
Motion pictures of aircraft development. Joint meeting with 
IndianaISugineering Society. February 7. Attendance 56. 

A New Hot Cathode Bay Oscillograph and Its Applicaiion to Light¬ 
ning and Switching Surcps, by R. H. Geor^, Rese^ch 
Associate, Engineering Experiment Station, Purdue Um- 
versity. Demonstration. March 1. Attendance 105. 

' • , • , Ithaca 

“ Frequency Measurement and Control, by Dr, Leo Behr, Leeds & 
Northrup Co. Demonstration of recording frequency 
meter. February 15. •Attendance 160. 

* Kansas Giy 

Some Problems of the Gas Industry Maj. T. J. Strickler, Vice- 
President and General Mgr., Kansas City Gas Co., and 

Radio Transmiasion, by R. Q. MoOurdy, Mct., Radio Dept., 
OrairTwiT TiilfMitrio Co.. Eausas City. Coffee and sand- 


Lehl^ Valley 

WeUiim—WoMB — Welders, by Chae. Sobenok, Prof. C. D. 
J^en and H. J. Bowles. Slides. JDinmer was served, 
during which Prof. Morland Ljirfayette CoU^, spoke 
on the Winter Convention. Pro& S. S. Seyfer^ Lehigh 
^ University, gave a description of the Packard Electrical 
and Mechamcal Building. .Joint meeting with Engineers 
Club pf the Lehigh Vahey and Lehigh University Student 
Braiich at Lehigh University. February 23. Attendance 
163. * • * 

Los Angeles • 

Telephone Communication over Deep Sed St^marine Cables, b^ 
M. W. Hitdhcocfe Gffiief Engineer, Southern Cahfomia 
Telephone Co. Receded by a dinner. February 6. 
Attendance 90. • 


Inspecuon trip to the Mutual Office, Southern California Tele¬ 
phone Co. February 9. Attendance 47. 

Annual joint meeting with Student Branches of California Insti¬ 
tute qf Technology and Jhe University of Southern CaUfor- . 
nia. (See complete report in Student Activities department. 
March 6. Attendance 240. • 

Louisville 

Network Broadcasting, prepared by G.*A. Duncan, Long Lines 
Dept., A. T. & T. Co« and presented by M. W. Keyser, Dis¬ 
trict Transportation Engr. Dean ^ M. Brigman,* Univer¬ 
sity of Louisville, described the A. I. E. E.’National and 
R^onal Prizes. J. Emmett Graft, Chief Operator, Station 
WHAS, and Milo Utterbaok, Assistant Operator, described 
in detail the operation of the station. January 31. At¬ 
tendance 40. 

Inspection trip to Corhart Refractories Company Plant. S. W. 
Sohroeder, Chief Chemist, conducted a tour of the Plant. 
After the inspection trip the meeting adjourned to the office 
where Mr. Schroeder answered questions regarding material •• 
produced and its applications. Guests of A. S. M. E. ^ 
P^ruary 21. Attendance 21, 

• Lynn • • . . 

Present Day Aeronautics, by Lieut. A. F. Hegenberger. Lantern 
slides and moving pictures. February 20. Atteudance 325. 

Inspection trip to Everett Water Gas Plant of Boston Consoli¬ 
dated’Gas Co. D. C. Reynolds, Chief Engr., conducted. 

• party through the plant. March 2. Attendance 30. • 

USnufacture of City Gas, by Edwin R. Clarke, Asst. Supt., Lynn 
Gas & Electric Co.; 

Gas, the Better Fuel, by W. A. Oates, Heating Engr., Lynn Gas 
Gas & Elec. Co.; 

Radio Frequency Standardization, by R. S. Davidson, Thomson 
Research Laboratory, General Electric Co., and 

Quiet Induction Motors, by L. E. Hildebrand, Motor Engg. Dept., 
General Electric Co. Local convention night. March 6. 
Attendance 70 

Madison 

The Photoelectric Cell and Its Uses in Communication, by Dr. J. O, 
Perrine, American Tel. & Tel. Co. Demonstrations. 
Meeting preceded by a dinner in honor of thq^Bell System 
representatives. February 19. Attendance 360. 

Minnesota 

Banquet meeting of the Third Annual Engineering Conference of. 
the North Central Electric kssooiation. Members of Minne¬ 
sota Section, A. I. E. E. invited. Talk by L. W. W. Morrow, 
Editor, Electrical World. January 21. Attendance 203. • 

Nebraska 

Delayed Speech and Other Recent Discoveries and Inventions of the 
BeU Telephone Laboratories, by S. P. Grace, Assistant Vioq- 
President, BeU Telephone Laboratories, Inc. Demonstra¬ 
tions. February 19. Attendance 1800. 

Oklahoma 

Commercial Applications of Carrier Currents to ^ansmisaiA 
Lines, by C. E. Bathe, Oklahoma Gas and Electric Co. 
B. D. Hull, Vice-President, gave an outline of the many 
features of the Regional Meeting to be held in D^las May 
7-9, and urged that as many as possible attend. Chairman 
instructed to appoint a committee of judges to determine 
the best and second best student papers presented for prizes 
at the 1929 joint meetingpf the Section and the two Student 
Branches in Oklahoina. February 27. Attendance 23. 

Philadelphia 

Railroad Ehctnfication in the PhUadelphia Area, by J.V. B. Duw, 
Elec. Engr., Pennsylvania Railroad, and N. E. Funk, Ass t. 
GeneralMgr., Philadelphia Electric Co. Dinner preceded 
the meeting. February 11. Attendance 276. 

Pittehurih 

The Extinction of an Alternating-Current Arc, by Dr. Joseph 
Slepian, Consuftiag Researeh Engr., Westinghouse Electric 
& Mfg. Co. The paper was foUowed. by a demonstration of 
the Deion Ckouit Breaker at the High Power Laboratory. 
Guests of Westinghouse Electric & Mig. Co. at dinner. 
Joint meeting with Electrical Section, Engineers Society of 
Western Pennsylvania. February 12. Attendance 570. 

^ , PittsUeld , 

My Life with the Foreign Legion, by Bennett J* Doty. The 
speaker was entertained at dinner prior to the meeting. 
S^bruary 5. Attendance 800. 
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Conowvngo and ^Interconiiection DevelopmetUs, bj^R. A. 

Hentz, Engr., Philadelphia Bleotrio Co. February 19. 
Attendance 80. 

^ '^ha^s Coming in Aviation, by. W. B. Stout, President, Stout 
Metal Airplane Co. (Division Ford Motor Co.). March 5. 
# Attendance 500. 

Portland 

Economics of Interconnection of Power Systems, by 0. L. LeFever 
General Supt., NorUi-w^stem Electric Co. Film of the 
Great Northern ♦Tunnel Construction. Refreshments. 
February 26. Attendance 70. 

Providence 

The Narragansett Electric Jfompanfs System, by J. W. Young 
Elec. Engr., Narragansett Electric Co. Refreshments! 
March 5. Attendance 130. 

St« Louis 

^Annual ^ajce. Attendance prizes awarded to Gordon W. 

Gerell, C. J, Embree and Raymond C. Hase. February 20. 
,, Attendance 108. 

• 

^ San Francisco 

EheclHc 'Welding of Steel Bridges and B\iildings, bj^ F. P. 
McKibben Consulting Engr., Black Gap, Pa., and Schenec- 
A meeting with Sections of A. S. C. E., 

A* E-'i American Welding Society and American Insti- 
, tute of Architects. Dinner in honor of Mr. McKibben. 
^ January 25. Attendance 482. 

Seattle ^ 

Welding ^ Steel Buildings, Bridges and Other Structures, by F. P 
McKijW)6n, ConsEltmg Engr., Black Gap, Pa., and Sehenec- 
N. Y. A resolution was passed pliusing the Section on 
' propped En^gineers License Law for 

jne b^te or Washington. All local engineering organiza¬ 
tions mvited. A comedy feature “A Night on Test*' was 
presented by Ex-G. E. Test Men. February 12. At¬ 
tendance 220. 

Sharon 

The Breaker , by B. P. Baker, Westinghouse Electric 

& Mfg. Co. Moving pictures of China.. February 5. 
Attendance 136. 

The Rol^of ^ky^cs in Industry, by Dr. L. 0. Grondahl, Director 
Switch & Signal Co. Moving picture— 

- Driving the Longest Railroad Tunnel in the Western Hemi- 
' sphere. March 5. Attendance 80. 

Spokane 

Power FacUrr from, a Central Station Viewpoint, by W. S. Hill 
General ^pt., Gray's Harbor Railway & Light Co. Mr! 
Baughn, Chairman of the Meetings and Papers Committee. 


Baughn, Chairman of the Meetings and Papers Committee, 
reported tlmt the April.meeting will be held in Moscow as a 
• ^ 3 omt meeting of Idie Section and Student Branches of the 


University of Idaho and Washington State'^College. Feb¬ 
ruary 21. Attendance 16. 

Springfield 

Making Sound Visible and Light Audible, by J. B. Taylor, Con¬ 
sulting Engr., General Elec. Co. Slides and demonstrations. 
J anuary 14. Attendance 117. 

The Experiences of an Electrical Engineer in Central and South 
America, by S. Q. Hayes, General Engr., Westinghouse 
Electric & Alfg. Co. Delineascope pictures. February 18. 
Attendance 70. 

Syracuse ^ 

Airport Lighting, by A.'^H. Clarke, Illumination Engr., Crouse 
Hinds Co. Miniature air port was displayed. February 25. 
Attendance 135. 

Toledo 

TdevM, by J. L. MeCoy, Westii^ouse Electrfo & Mfg. Co. 
Demonstrations. Chairman Featherstone read a descrip¬ 
tion of Baron Shib^'s camera, illustrating it with lantern 
slides. The following motion pictures Aown: ‘‘Driving 
the Longest Railroad Tunnel in the Western Hemisphere;" 
Baron Shiba's film on airplame research. Meeting preceded 
by a dinner at which Vice-President J. L. Beaver gave a short 
talk. Joint with A. S. M. E. Ladies invited. March 7. 
Attendance 500. 

Toroi^to 

Deiori Circuit Breaker, by H. M. Wilcox, Westinghouse Electric 
& Mfg. Co. Slides. February 8. Attendance 95.. 

Gatineau-Toi'onto Power Line, by A. E. Davison, Engg. Dept., 
Hydro-Elec. Power Commission. February 22. Atten¬ 
dance 105. 

Urbana 

Ardrw Phenomena at the Contact of a Switch, hy R. E. Tarpley, 
Research Graduate Assistant, Dept, of Elec. Engg., Uni¬ 
versity of Illinois. Slides. February d.3. Attendance 25. 
The PhoJ^ electric Cell and Its Uses in Communication, by Dr. 
J. 0. Perrine, American Tel. & Tel. Co. February 21. 
Attendance 365. 

Utah 

The Photo electric Cell audits Applications, by Dr. H. T. Plumb, 
Engr., General Electric Co., Salt Laxe City. ^Demonstra¬ 
tions. February 18. Attendance 100. 

Vancouver^ 

Annual student meeting. (See complete report in Btudent 
Activities dept.). March 5. Attendance 36. 

Washington * 

Automatic Train Control, by W. H. Reichard, Consulting Elec. 
Engr., G^^al R^way Signal Co. Slides. Refreshments 
served. Dinner in honor of the speaker. February 12. 
Attendance 173. 
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STUDENT BRANCH CONVENTION AND NEW YORK 
SECTION MEETING 

On April 26th the New York Section of the Institute will hold 
its annual Student Branch Convention and regular monthly 
Section meeting. The students from the eight colleges in the 
New York District will present papers in competition for the 
$25.00 prize offered yearly by the Section. The presentation* 
of the student papers will take place during an afternoon session 
held in the Engineerin^Building, 33 West 39th Street, New York. 
A committee of judges, appointed by the Executive Committee 
will make the award. The morning of the 26th will be devoted 
to inspection trips arranged by and for the students.; Im¬ 
mediately following the afternoon session there will be A student 
dinner at which it is hoped to have as a speaker some very 
prominent engineer. At previous conventions some 500 students 
have participated. 

In the even^ the New York Section wiU hold its regul^ 
meeting at which Hugh Cooper, well known consulting engineer 
will deliver an interesting talk on hydroelectric developments 
abroad. Complete details relative to the student meeting an;J 


........I,.. 


• as to the evening session will be available later. The ffegular 
meeting will take place in the Engineering Auditorium at 8.16 


STUDENT CONVENTION HELD IN PHILADELPHIA 

The Fifth Annual Student Convention of the Eastern parfof 
District No. 2 was held at the Moore School of Electrical Engi¬ 
neering, University of Pennsylvania, Philadelphia,^n Mar«h 11. 
1929. Beginning at'''11:00 a. m., the following program was 
presented: ^ 

Address of Welcome, Dr. Harold Pender, Dean, Moore School 
of Electrical Engineering. ^ 

The Klydonograph, H. G. Wiest, '29, Lehigh University. 

Mercury Arc Reefers, D. B. Spangler, '29, Chairman, Swarth- 
m^re College Brancm. 

Cathode Ray Oscillograph, Otto Meier, Jr., '29, University of 
Pennsylvania. 

Some Developments in Power Plant Frequency Control, D. D. 
Lewis, '29, Haverford College. 


t 
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At a lunchefti‘meeting held in the Christian Association 
building, a talk was given by Mr. Sidney K. Wolf, Acoustic 
Engineer, Electrical Research Products, Inc., on the subject 
Movietone Recording and Reproducing Equipment 
The entire party then attended^the afternoon show at the 
Pox-Locust Theatre and, after the close of the program, inspected 
the movietone Apparatus, under the direction of Mr? S. K. Wolf 
and the operators. 

After the return to the Moore School building, a talk on 
Psycholggy of Switchboard Arrangement was given by William W. 
Braunwarth, *29, University of Pennsylvania, and this was 
followed by an inspection of the electrical engineering 
laboratories. ^ 

The dinner an^ evening program were held^ the Christian 
Association building, and the following two addresses were given: 

Student Branch Activities^ H. H. Henliqe, Assistant National 
Secretary. 

Address, Dr. George W. McClelland, Vice-Provost, University 
of Pennsylvania. * 

The orchestra of the Engineers Club of Philadelphia furnished 
music during the evening and, after the above addresses, skits 
were given by students of University of Pennsylvania, Lehigh 
University, and Drexel Institfite. At the opening of the morn¬ 
ing session, the following judges were appointed to award the 
prizes for the technical papers: D. M. Way, Chairman, Drexel 
Institute Branch; W. V. G. Eakins, Chairman, Princeton Uni¬ 
versity Branch, and Mr. Clay of Lafayette College. During the 
evening program the decisions of the judges were announced, 
and T. E. Manning, Chairman, University^ o{ Pennsylvania 
Branch, presented j^es as follows: $10.00 each to H. G. Wiest 
and Otto Meier; each to D. B. Spangler and D. D. Lewis. 

• The Convention was sponsored by the Philadelphia and 
Lehigh Valley Sections, and the following schools participated; 
Delaware, Drexel, Haverford, Lafayette, Lehigh, Pennsylvania, 
Princeton, and Swarthmore. 

The attendance at* the various events varied from about 
166 to 1^. 

VANCOtJVER SECTION HOLDS ANNUAL STUDENT MEETING 

The annual student meeting of the Vancouver Section was held 
at the University of British Columbia on the evening of March 6, 
1929. After a talk by C. W. Colvin, Chairman of the Section, on 
the advantages of Student enrolment in the Institute, the follow¬ 
ing program was presented by seniors: 

Some Applications of Thermionic Vacuum Tubes, Mr. Blackett. 

Diesel Engines, Mr. Jagger. 

Power Rectifiers, Mr. Morrison. 

Modem Heavier-^Than^Air Craft, Mr. Bishop. 

Electrical Measuring Instruments, Induction Type, Mr. Dhami. 

The papers were well presented, and the 36 persons present 
werelplease<l with the program. 


ANNUAL JOINT MEETING OP LOS ANGELES SECTION WITH 
STUDENT BRANCHES 

•* Continuing their plan of holding an annual joint meeting with 
a program supplied by students, the Los Angeles Section and 
California I^titute of Technology and University of Southern 
California Branches met at the California Jjastitute of Technology 
on the evening of March 6, 1929. During the early part of the 
evening, music was furnished by mfembers of the Branches. 
After a dinner, the following program was presented: 

Output and Power Factor of a Constant-Current Transformer, 
D. R. Stanfield, University of Southern California. 

Effect of Frequency upon the Operhtion ofethe Electro-Magnetic 
Oscillograph, D, M. Wright and John Gilroy, Universitjfc of 
Southern California. 

Hoover, an Engineer President, Robert Good, University of 
Southern California. 


Control Features of the Wind Tunnel, William Lewis, California 
Institute of 'technology. 

Following the presentation of the papers, high-voltage demon¬ 
strations yere given in the^million-volt laboratory, and there ^ 
was a tour of inspection through the Aeronautics Building where 
the wind tunnel equipment was demonstrated. The attendanbe 
was 240. 


MONTANA STATE COLLEGE BRANCH* HWkS RHODES SCHOLAR 

Matt Pakkala, senior in electrical engineering at Montana 
State College, has been awarded the Rhodes Scfiolarship to 
Oxford University, England. He wag selected from a group of 
ten candidates from the colleges in the state of Montana, and 
wiH begin his work at Oxford next October to read for a degree 
in mathematics which he expects to receive after three years’ 
study. Mr. Pakkala is the first student of Montana State 
College to receive the Rhodes Scholarship, and is considered to 
be th6 most brilliant mathematician who ever attended that* 
school. The authopties at Oxford have gpranted him senior 
standing without examination. 


STUDENT BRANCH ACTIVITIES 

Thos. C. McFarland . • 

Ooiinseloi: University of Oalifornla Brandi, and Chairman Oommlttee 
on Student Activities, Pacific District • 

It is generally recognized that the great problem in the conduct 
of A. I. E. E. Student Branches is to secure a larger participation 
in the Branch affairs by the student members. The real solu¬ 
tion is, doubtless, to make the meetings of sufficient interest to 
all the members that they will voluntarily be active. But how 
can the interest of the individual student be increased? How 
can meetings be conducted so that the members will derive the 
maximum benefit? 

There is an old saying to the effect that he who puts the most 
into the project gets the most in return. There may be excep¬ 
tions but when the project happens to be an orgShization such 
as the American Institute of Electrical Engineers there is no 
denying the validity of that observation. In the Branches those 
taking the greatest interest arfef chiefly the ones having responsi¬ 
bilities. The officers and committee chairmen take the greatet 
interest and, consequently, derive the most good. If the mem¬ 
bership is very small the work of the Branch can possibly be ^ 
distributed so that all will feel they^ are contributing somettog. 
With the larger Branches, however,‘only a relatively small lijun- 
ber can serve in this way. What shall we do to interest the 
majority? 

In the University of California Branch the problem of main¬ 
taining interest is a very real one for the membership is quite* 
large. In an attempt to solve this the following plan has been 
adopted. At the time of the initiation an expression of opinion 
is obtained from each of the members a^ to the topics that 
interest him most. This is done through the medium of a ques¬ 
tionnaire in which four questions are asked. These‘questions 
are: 

1. In which of the following activities are you most inter¬ 
ested? (A tabulation of activities about as indicated by the list 
of Institute Technical Committees followed). 

2. Upon which of the above topics ^or some phase thereof) 
are you wffiing to prepare a paper for a Branch meeting? 

3. What type of industry or what specific plants would you 
like to visit during«the year? 

4. On which of the following committees would you prefer 
serving? (A list of the Branch committees follows). 

The answers to the fourth question make possible the appoint¬ 
ment, by the Chairman, of committees that may be expected to 
function. From the first and* second questions material is ob¬ 
tained thaU enables the Program Committee to Snow what Ijype 
of meetings are most likely to be successful and also to defimtely 
plan a program for the whole semester. The interests as 
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pressed in the answers to these questions can he gAuped 
into a small number of general headings thus permitting the 
comujittee to schedule a program in which each group will be 
^ represented. It is recommended that not only should the 
spiers for the meetings be assigned but also that at least two 
men be designated to contribute oral discussion on each paper. 
Biirthermore, the choice o{ outside speakers and of motion pic- 
q^tiSs”* ^ influmced by the answers given to these 

*1® ^®^ ^ considerable 

J questionnaire has been fuUy demon- 

stoted. There has been ajarge amount of material from which 
to chooTO. thus m^ng it easier for the officers and committees 
members wiU sincerely cooperate and 
anwer all the qiiestions the plan is doomed to an early faflure). 
Unfortuim^, the plan has not been strictly adhered to in the 
TOnduct of meetangs ^d there has not been the improvement 
^t was hoped for. Too few of the members have been 
to @ve papCTs and tp contribute discussion, with the result that 
‘ mtent of the plan has been larg&y defeated. It is 

hoped that in another semester this difficulty can bo ironed out. 

w • 

' ' PAST branch meetings 

. Municipal University of Akron * 

'‘laf A&ssio' 

uri* j Ai T, ^***»®“« Polytechnic Institute 

Expect on EnUHng a PMie 

' Co. %eb?uSy®i6^®\tt^£fcf Electric 

Mexicot by A. Nieto, student; 

Teela Coils, by D. 0. Baird, student, and 

^''^‘^^^^sAutomobilea, by B. 8. Burton 
student. February 21. Attendance 39. jaurion, 

(^utdoor Meter^ by W. L. Cochran, student, and 

tfia ifa^road. by W. p. Smith, student. C T 
gig^U, president of Eta Eappa Nu ciapter nrofimtn/i 

^it was accepted as read. March?. Att^^<^^ ® 

. Unl'irerstty of Arizona 

by J,b* Hoyp„, 

dfywchfwfeed Produclion of Sound and Scene, by Gene Magee 
Student. January 16. Attendance 10. -^vj-agee. 


INSTITUTE AND RELATED ACTIVITIES 


Journ§il A. I. E. E. 


■ resi^tivoly “Induction R^ator,’ 

^BukHmderson, student. The following 

StendS[9.’ ®^Henderson.^ February^i! 

George Weefingkouse, by Carl Gieringer, student; 

Samuel Morte, by Rickdtdo Manzo, student, and 

aS&^I?!®’ ^ ^®bruary 20. 

of Mal^matics, by Fred Denny, stude&t; 
w -SfreoOTs, by Roy Goar, student, and 

mS&iI McEinley, student. February 27. 

Marche. 

University of Arkansas * • 

AppI^^ <,/ EngineeHM, by W. M. Roberto, Asst. 
«of. of Physios. February 16. Attendance 13. 


r 

mj. Institute of Technoro£r 

ond tte Photoelectric Cdl, by L. 8. O’Roark 
Telephone Laboratories, Ine! 

Co. February 25. 

Brooklyn Polytechnic Institute 
Derivation of Rates, by G. W. Trapani, student, and 

Elec^n^ Measuring Instmments, by Mr. Corby, Weston Eleo- 

AtSd^^e^^r"* .R^-bmento.^’FX,5,''li: 

Bucknell University r 

iWt ^ toJk On the develop- 

«<> Bucknell and the insttfl- 

mJvo ^ Branclu 'The purpose of the meeting was to 

^ students better acquainted 

ru^ ir Atto^“ ®lS ^®^ 

Appi^tion 0 / m^ridty tothe Iron and Steel Industry, by F. O. 

Superintendent, b^oVs 

California Institute of Technololiy 
BusmeSs Meeting. MatobS. Attendance 23. 

University of California 

Dam by A. P DaviS. Initiation Banquet. Dean 
„ 1 '-^py. acted as toastmaster. Prof. T. crMcFarland 

fnnSim?^^® 4 “fr and explained the purposes and 

r.*^? organization. G. A.'-Andwson gave a 
JS.+U^- Eh^eOTing Unity. Prof«F. H. Cher^rar^ 
® ^tod pins to the twenty-two new members. Sfomeal 
entertaiument. February 28. Attendance 7a 

Cametfle Institute of Technoloiy 

Power, Plant to Consumer, by M. d ZilbSrman, student,- 

Curr^t and Fottoge JMatr^ion in Transmitting Aplennas, by 

and smoker after program. February 20. AttendRneSb28. 

. Case School of AppUed Science 

toe following officers for >oar 

Clemson Aiirlcultural College 
muderU Activilies, by W. C. Snyder, student; 

Engineer^ Achievements of mS, by J. B. BeviU, student- 
<^rrent Eoents, by 8. B. Harper, student, and 

,P^^^’Opment in South Carolina, by Prof 8 R - 
Rhodes, Counselor. February 21.' A^tek^efr?: 

Cooper Unlqn 

Phenom^; by C. H. Coles, Sth-year Migl 
^^oeia'^®^** ^®*“®“®trations. February^ 20. ii 

Eidge.” A representative of the Okonite 
Steffioe^. ®'®® ^ questions. March a 

• AtesSffi^3®^®* * T. Co. Msrch ID.' 

University of Detroit 

meetmg. February 6. Attendance 70. P«eeaea 

ObobmAot. 

sSniarai* ^ 


:ht 
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Duke University 

Ship Electrification^ by R. A. Cassidy, student, and 
Power Involved in Voice Reception, by Prof. W. J. Neeley, Coun- 
•selof. Moving picture, ‘ ‘Electrical Measuring Instruments’ * 
Business session. March 1. Attendance 22. 

, University o£ Florida 

Building a Rad^ Statidn, based upon problems encountered in 
erecting the University station WRUP, by Dr. J. R. Benton, 
Dean or the Engineering College. March 11. Attendance 27. 

Georitia School of Technology 
Business^Meeting. Prof. T. W. Fitzgerald, Head of the Electri¬ 
cal Engineering Dept., nominated for appointment as 
Counselor to succeed Prof. JIannaford, who resigned from 
the faculty. February 19. Attendance 27. 

Outstanding Developments in the Electrical Indmetry in 1928, by 
John Liston^ Ueneral Electric Co. Slides. February 27. 
Attendance 48. 

State University of Towa 

Carrier Current Telephony, by Mr. Baumgartner, student, and 
Street Railways, by Mr. Fineh, student. November 28. 
Attendance 36. • 

Oil-Electric Locomotives, by Mr. Hemphill, student, and 

Boulder Dam, by Mr. Hatch, student. December 5. Atten¬ 
dance 33. ^ 

High-Voltage D-C. Generators, by Mr. Hicldin, student, and 
Sound Moving Pictures, by Mr. Holmes, student. January 16. 
Attendance 29. 

Business Meeting. January 30. Attendance 28. 

Reconstruction of Two 17,000 ITv-Ampere Generators, by Mr. 
Johnston, student, and 

PhUlipine Islands, by Mr. Mariano, student.^ February 13. 
Attendance 31. ^ ^ 

Flashing of Synchronoifs Converters, by Mr. Mathis, student, and 
Niagara Power Plant, by Mr. Martinez, student. February 27. 
« Attendance 32. 

• University of Kansas 

What Makes a Successful Engineer, by R. 0. Shepp, student, and 
Photoelectric Cells, by Norvel Douglas, student. Business 
session. February 21. Attendance* 27. 

^ , University of Kentucky 

Prof. Freeman, Counselor, explained the motion picture 

filnss^ “Gas-Electric Buses” and “Largest Singfe-Unit 
Electric Locomotive.” February 19. Attendance 40. 

• . Lehi|(h University 

Welding, by Charles Schneok, Production Engineer, Bethlehem 
Steel Co.; 

Welding Research Work at Lehigh, by Prof. C. D. Jensen, and 
Training and Testing Welders, by H. J. Bowles, Welding Super¬ 
visor of Saucon Division, Bethlehem Steel Co. Joint 
meeting with Lehigh Valley Section and Engineers Club of 
Lehigh Valley, preceded by a dinner. Number of after- 
, dinner speeches by prominent engineers and professors. 
February 23. ’ Attendance 175. 

* Lewis Institute 

Joint meeting with Armour Institute of Technology Branch. 
(Se^ report under Armour Institute). February 14. At¬ 
tendance 6S. 

University of Louisville 

Neon Sigrus, by G. M. MiUer, Supt, of Distribution, Louisville 
Gas and Blectric Co. Two-reel film “The Edison Storage 
Battery” sho^m by N. C. Pearcy, Louisville GrSbs & Elec. Co,, 
ISecy., Louisville Section, A. I. E. E. Chairman Evans 
urged that a number of Branch members submit papers. 
Refreshments were served. February 15. Attendance 20. 

• ^ University of Maine 

A Summer with General Electric Co,, by E. F. Cooper, *29, Films 
—“Power Transformers” and “Beygnd the Microscope.** 
March 7. Attendance 15. 

Marquette University 

The Transmission of Radio Currents on Telephone Cables, by 
John * Gibbons, Wisconsin Telephone Co. Slides and 
instruments. Business session. •Novep^ber 1. Atten¬ 
dance 33. . ^ 

Hardships Endured in the Building of the First Transcontinental 
Railroad, by T. 0. Hatten, Chief Engr,, Metropolitan 
Sewage Commission. A mock trial was held in wmch A. 
Jackson, J. Higgins, W. Clancy, G. Morrison and E. Eiff 
took part. December 13. Attendance 65. 


Correction of* Radio Interference Caused by Electric Company 
Equipment, by T. Bailey. Business session. January 17. 
Attendance 22. • 

« Michigan* State Gollede 

Business Meeting. November 12. * 

Business Meeting. January 24. 

University of Mickidan 

Talking Movies, by Dr. J. 0. Perrin^, A^®rican Tel. & Tel. Co. 
Illustrated. Two reels of talldng moiries shown. February 
27. A-ttendanee 450. 

University of Minnesota 

Legal Problems Arising in Engineering, hy A. W. Groth, Minne¬ 
apolis Attorney. February 14. Attendance 150. 

University of Missouri 

Scientific Curiosity, by A. K. Bushman, General Electric Co. 
Fums—^‘Beyond the Microscope” and “Thomas A. Edison.** 
February 19. Attendance 41. 

• Montana State Gollede 

Counting Atoms and Electrons, by Dr. L. F. Curtiss, from Scien¬ 
tific Monthly for November 1928.* Re^er, F. Johnson, 
student; ' 

Magnet Defies Gravitation, from Science cfc Invention, March. 

Reader, Eitaro Etow, student, and 
Insulation. The Opportunity for Research, by J. B. Whitehead, • 
from A. I. E. E. Journal, January 1929. Reader, R. H. 
•Crumley, student. February 14. Attendance 75. , 

Forces on Magnetically Shielded Conductors, by J. H. Morecroft, 
and Alva Turner, from A. I. E. E., Jotonal, January 1929. 
Reader, Homer A. Morton, student; 

The Milwaukee Electric Passenger Locomotives, by Lowell Kurt^ 
student, and 

Electrical Timing on Race Tracks, from January Motor World. 

Reader, Bruce Mull, student. February 21. Attendance 
Graphic Instruments Search Out Power Faults, by R. S. Werth- 
heim and W. D. Riggs, from Power Magazine, February 16, 
1929. Reader, A. W. Greiner, student; 

Uses of Radio as an Aid to Air Navigation, by J. H. Dellinger, 
from A. I. E. E. Journal, February 1929. Reader, E. F. 
Sauke, student, and 

**Shotgun” Fuse Solves High-Tension Problems, by J. P. Medlin, 
from Electrical World, February 23, 1929. Reader, Fred 
Sugiura, Student. February 28. Attendance 79. 

University of Nebraska 

Inverted Speech, Delayed Speech, Mechanical Larynx and J^n-* 
theiic Lung, by S. P. Grace, Asst, Vice-President, Bell 
Telephone Laboratories, Inc. February 14. Attendance 35. 
Temperature Measuring Devices, by. Dan McQuaid, Taylor 
Instrument Co. Joint meeting with A. S. C. E. Chapter^ 
and A. S. M. E. Branch. February 27. Attendance 100. 
Bakelite—A Research of Synthesis, by R. C. Shney, Research 
Engr., Bakelite Corp. Illustrated. Banquet, sponsored; 
by Lincoln Engineers Club. March 6. Attendance 65. 

Newark GoUede of £n jineerind 

The Interconnection of Power Systems, by C. S. Gray, student, and 
The Clark Thread Company's Power Plant, by L. M. Klenk, 
student. February 25. Attendance 24. 

Telephone Central Office Power Plant Equipment, by E. J* Lott, 
student, and 

Interconnections of Power Systems, by C. M. Stuehler, student. 
Business session. Inspection trips were discussed and the 
treasurer’s report was read and accepted. Pictures of the 
* ship California were shown. March 4. Attendance 24^ 

University of New Hampshire 

The MagneHo Blow-Out, by J. W. Theall, student, and 
Measurement of High-Voltage Disturbances, by J. F. Tinker, 
student. February 9. Attendance 30. 

The Electric Phonograph, by J. C. Terry, student; 

Radio as an Aid to Air Navigation, by A. K. Whitcomb, student, 
and 

Thermal Overload Protection for A. C. Motors, by G. W. Withing- 
ton, student. February 23. ^Attendance 27. 

My Summer's Work—and the Apprentice System of the N, Y., 
W H. dt IF. R. R,, by W. R. Wood, student; 

The Shaded Magnetic Field, by K. E. Wheeler, student, and 
Caibses of Irregular Wave Form in an Alternator, by R. W. Adams, 
student. March 2. Attendance 30. 


t 
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INSTITUTE AND RELATED ACTIVITIES 


Journal A. I. E. E. 


College of the City of New York * 

Businesa meeting. February 21. Attendance 18. 

The*Me^od of Standardieing Gasoline for AutomobUes ioith Telror 
Ethyl Lead, by Dr. Graham Bdgar, Ethyl Gasoidne Corn. 
• t??* meetang mth A. 8. M. E. and A. I. Ch. E. Branch^. 
February 28. Attendance 70. 

InapTOtion trip to Lehn (fc^Fink, Ino., Bloomfield, N. J. March 8. 
Attendance 27. 

Neiv*Y<ftpk University 

The Gas-Eleciric Btis, by George Berggren, student, and 
The Effects^ of Electrolysis on Gas and Water Mains, by Frank 
Goss, student. December 10. Attendance 23. 

The Arc Lights by Harold €?orgersen, student, and 

and Application, by C. Isennan, student. 
January 10. Attendance 18. 

The Gyrocompass, by Mr. Streioher, student; 

The Evils of a Low^Fower Factor, by Mr. Schmidt, student, and 
^ by Mr. Meagher, student. February 

^^^^eniaUFnriqiiples of Television, by Mario Banfi, 

The Methods Used to Safeguard the Millions of Passengers on the 
Byroads of the United States, by Kenneth Estler, student, 

"An Economic Consi(^ation of the Use of EUctricity for Cooking 
Purposes, hy W. Conron, student. February 27. Iau 
^nciance 21. 

University of North Carolina 
IVorA mih Duke Po\^ Company, by W. B. White, student, and 
«Ae ridcwoier Pouw Company and the TesUng of House 
Me^^ by E. B. Davis, student. The following ofBoers 

Vice-President, H L 
Hmes, Jr.; ^retary, B. T. Gross, Jr.; Treasurer W. B. 
Massenburg (re-elected). February 14. Attendance 18. 

The W. J^lin, Personnel Director, Mane- 

field Plant, Westmghouse Electric & Mfg. Co., and 

Siudmt Engines ioith General Electric Co., by H. J. Wheeler 
February 28. Attendance 30. *vneeier, 

# University of North Dakota 

Modem Electrical Railways, by Burke Bair, student and 

Stm-fllrn “Air Port lighting.” •pebruary 7. Attendance 20. 
TalUng Movies, by Charles Brietweisar, student, and 
Magne^ly ShiS^d Condwtors, by Charles PoweU, student. 

• AttSce^. ^ S’ebmary 14. 

CgnstwHon ^oh^r, W C. H. Van Petten, Construction Bngr., 
Demers Bridge. February 20. Attendance 51. 
Northeastern University 

inspection trip to Simplex Wire and Cable Company. Following 
several Wh-tension tests were eSubited in the 
eieemcai research laboratory. February 16. Attendance 62 . 
Ohio Northern University 

High-Speed Circmi Breakers, by B. F. Rice, President. Plans 
At^^n^e 18 Bngmeers Week. February 

Ohio State University 
<SpeoWny to the Engineer, by R. E. TTnnv student, 

Bfectnc ^iltoays, by E. S. Gunn, General Electric Co. Ulus- 
trated. Pebruary 7. Attendance 46. • 

Cosmic Rays, by H. F. Blake, student. Prof. F. C. Caldwell 
was presmted jvth a cup as a token of appreciation of the 
?^SS “ C? 3 “^or_of the ^nch. Motion 


Oklahoma A. & M. College 

Unlverslty.of Oklahoma 
State Line Power Plant, by R. W. Coursey, student; 
Western Eleeirie Plant, by LeRoy Moffett, student; 

Radio Station WENR, by E. P. Shultz, student; 

Chicago Municipal Air Port, by Bill Woods, student, and 


Keokuk Power Plmt, by Charles Ittnor, student? February 14. 
Attendance 27. 

Business meet^. March 7. Attendance 20. 

Oregon State'Collede 

Present Day Vitaphone and Movietone Equipment, by A. L. Albert, 
Instructor m Elec. Engg. February 11. Attendance 66. 
Inspection of Vitaphone and Movietone Equipmeiit at the White- 
side Theatre. February 13. Attendance 63. 

Film Transformers.” Explanatory ‘ comments were 

made to E. C. Starr, Instructor in Eteo. Engg. February 
18. Attendance 62,.. ^ r 

Safety Enginemng, by John B. Fisken, Consulting Engr., Wash- 

9'- E-'^Quinan, Vice-President, 
District No. 9, spoke on the Institute and^related activities. 
February Ip. Attendance 38. 

Pennsylvania State ColleiEe'^ 

Two^inmersinAla9ka,,hy B. L. Robertson, Elec. Engg. Dept, 
u 1 J • ‘ Dog^ett (fiscussed the l^gional Convention to 

be held in Cmcmnati, March 20-23. Pebruary 13. At¬ 
tendance 75. ' 

University" of Pennsylvania 

Opportunities the Engineer in Industry, by H. D. James, Con- 
^Itmg Control Engr., Westinghouse Blectrio & Mfg. 

remarlm were ^so made by A. M. Dudley, 

FifthAmi^J^quet. Talks were given by the following: 
• w w Dusjtor of Research, General Electric Co.; 

w • iV®V Director of the Baartol Laboratory of 

Har^d Pender, Dean of the'I^ore 
School of Electncsl Engg. February 20. Attendance 100. 

r Purdue University '' 

The Photoelectric CM in CommuniccMon,Aiy Dr. J. 0. Perrine, 

^th sHdes ana 

talking pictures. Pebruary 25. Attendance 450. 

Rhode Island State f^lleite 

Electric Tug Boats, by Harold Gerlack, student, and 

Disano, student. February 15. 

Smoker. Prof. William Anderson and Dean R. W. Wales spoke 

h T w PMtioipation in the aotiviaes 'of the 

A. I. E. E. February 20. Attendance 19. 

Troins, byJNieholas Abbenante' student, 

Tetev^^ ^by Edward Aoeton, student. Mtfroh 1. Atten- 

R®se Polytechnic Institute 
Light and Vision, by W. E. Dodson, student, and 

^ l)y F. O. Andrews, 

student. Shdes. Pebruary 21. Attendance 37. 

Heain^Ms MM^ of Mathematical Analysis, by Prof. H. R. 
Mason. March 7. Attendance 37. 

Rutgers Universi^ * 

Surge ImpuUe Breakdown of Air, by W. Dalton, *29, and 

5- « Atten- 

High^MCircuit Breakers in Electric RaUwaya, by W. Breazeale, 
Wen B. C.ta^^ by Mr. 

Deion Circuit Breakers, by Mr. Sherbo, ’29, and 

Xr M'- W,,llon,’'29. 

South J>akota State School of Mtoes 

Ir ork 0 / the Telephone Laboratories, by Q. B. Bioklev Division 

N. W.’b5i Tel. 

University ol South Dakota 

'^”* 1 ^ 12 !"''"®^^*'’ Bendfeen. Pebruary 11. Atten- 

.oncers were elected; Chaar- 
man, .Bfnar Johnson; Vice-Chairiiian, H. Scholes* 

I^vejoy; Safety Council Chairman, P. Miller Com- 
mttees were also ^ apnointed, as foU^sf 

Mr. Crosby, andBmtot^- 
ment—Mr. Johnson. Pebruary 26.. At^danoe 14 
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INSTITUTE AND RELATED) ACTIVITIES 


^ , .. m . ’ University * . Washlniton State Coll ie 

by Mr. Owens, Genwal Electric Co. Westinghouse East Pittsburgh Works, by Prof. H. P. Lickey. 

®f23^ of San Prog3ram and Membership Committees appointed. Peb- 

.BTanoiseom^bit^some-shdMshowmgtheweidingproblems ruaryJS. Attendances. . 

encountered m a 30b shop. Joint meeting with A. S. M. E. ^ 

February 7. Attendance 45. • University of Washington , 

• Telephotof by L**A. Gpiry, Pacific Telephone & T6l^graph Co. Sidelights on Einstein's Theory of Relativity, by J. E. Maynard. 

Illustrated.* student. February 1. Attendance 19. 

Broadcasting Equi/pment, by C.* S. Smith, Jr., of the same Com- A Few More Waves, by L. A. Meach^m^ student. Illustrated by 
pany. Illustrated. February 27. Attendance 100. means of a violin string. February $. Attendance 18. 

Insp^tion of the teftphoto and broadcasting eq^uipment in the Bife of Michael Faraday, by J. A. Renhard, student. Feb- 

Graht Avenue Exchange of the Telephone Company in San ruary 16. Attendance 13. 

rancisco. March 2. Attendance 23. Business Meeting. Discussion of plans for joint meeting with the 

Stevens Institute of Technoloiiy Seattle Section. March 8. Attendance 12. 

Nui^n^" wer^ven by H. N. West Virginia University 

Davis, I^si<fent, Stevens Institute, Dr. T>arlu^ton and . ,, „ „ ^ t. \ ^ ^ 

Samuel Prontz. Demonstration of photograpMc appa- Making the Small Turbine Safe, by C. A. Bowers, student; 
ratus, electrically operated. Filjn—5“Promotion of the Electrification of French Railways, by G. D. Burner, student; 

Engineering Congress at Toldo,* Japan.** Joint with Aui^m^ic Brake Control for Super-Synchronous Motors, by *• 

A. S. M. E. March 6. Attendance 70. Hollis, student; Radio Aid to Air Navigation, by W. S. 

* Texas A. Collede BOs^y, student; Frequency Control for Broadcasting, by 

o/ T T ^ +T A .J 4 . mi, C. B. Soibort, studout, und Sta^^dxirdisffiion of Electrical 

, Reproduction of Sound and S<^, hy J,L, student. The Measuring Instruments, by J. R. Nottingham, studeift. 

following pictures were shown: Magic of Communication.** February 18. Attendance 18. ^ 

student; Electnc Trolley in . 
Fourtd^ry, by G. C. Barnes, student; Shotgun Fusefbr High- 
lance of C. S, Robumon, students, demonstrated the effect of Tension Service, by S. N. Gidding, student; Influence of* 

Conditions on Higf^Tension insu&ors, ty • 

February 22. Attendance 86. • E. M. Hansford, student, and Electric Marine Equipineni, 

University of Texas by J. Kayuha, student. February 25. Attendance 20. 

Film~“Power Transformers.** •Plans were discussed foif an The Influence of Glaze on Insulator Strength, by R. H. Pell, stu- 
inspection trip to the power plant of the Texas Power and dent; The Tendency in the Design of Portable Instruments,})^ 

Light Co.. February 14. Attendance 23. W. H. Ross, student; The Great Northern Railway Electrifica- 

Electrolysis in Power* Distribution Systems, by Pvofessor Ramsey. across the Cascade Mountains, by W. C. Warmah, 

Plans for the Remonal Meeting to be held in Dallas, May student; Radio Telephone Used on Railways, by Frank , 

7-9, discussed. February 28. Attendance 18. Watson, student, and Parasites of the Electric Contracting 

• University of Utah Industry, by V. 0. Whitman, student. March 4. Atten- 

* Movietone, by Lorin Moore, student. February 12. Atten- dance 19. 

dance 14. • • Worcester Polytechnic Institute 

The Conowingo DwS^Sl^y^D^s!'cl^berlam, ’29. Feb- ^ 

ruary 12., Attendance 16. . iS^oello * ^ lU^istrated. February 13. 

Opportunities for Employment in The BdlSyetem.hyG.E.Bio-wn, who >oe 

’28.„'’A combined report on “Theory, Operation, an^ West%ng^useProdwHon Me^^,hyB.C.B&ieB. 29-, 

Testing of the Deion •Circuit Breaker’* was given by A. B, Laying Out Power Lines, by A. C. Halt, *29, and 

Mbrtill, *30, R. A. Dailey, *30, and P. E. Beekley, *30. Experiences with N- Y. Edison Company, by C. L. Robinson, *29. * 

February 27. Attendance 18. Election of officers. March 5. Attendance 36. 

Engineeriiig Societies Library . •] 

liiiiiHMiiiiiHiiiiiHiiniiiiiiiiiraMiiim.................in.........MiiiMiiiiiiiiiiiHiiiiiHiniiHiniMiiiiiiiiiiiiniiiiMiiiiNil 

The Library is a cooperative activity of the American Institute of Electrical Engineers, the American Society of 
Civil Engineers, the American Institute of Mining and Metallurgical Engineers and the American Society of Meehan- ^ 

• icdl Engineers* It is administered for these Pounder Societies by the United Engineering Society, as a public reference 

library of ef^nedHng and allied sciences* It contains 160,000 volumes and pamphlets and receives currently 
most of the important periodicals in its field* It is housed in the Engineering Societies Building, ^9 West Thirty- 
ninth St, New York- . . 

« In order to place the resources of the Library at the disposal of those unable to visit it in person, the Library is 
prepared to furnish lists of references to engineering subjects, copies or translations of articles, and similar assistance* 

Charges sufficient to cover the cost of this work are made* • 

The Library maintains a collection of modern technical books which may be rented by mernbers residing in North 
America* A rental of five cents a day, plus transportation, is charged. 

The Director of the Library will gladly give information concerning charges for the various kinds of service to 

• those interested. In asking for information, letters should be made as definite as possible, so that the investigator may 
* understand clearly^ what is desired* 

The library is open from 9 a. m. to 10 p* m* on all week days except holidays throughout the year except during 
July gnd August when the hours are 9 a* m* to 6 p*m* ^ 

^ BOOK NOTICES, Feb. 1-29, 1929 many disputed points, and his little essay will interest every one 

Unless otherwise specified, hooks in this list have been pre- <5oimected with aviation, 
sensed by the publishers. The Society does not assume respon- Aeroplanes, Seapl^bs, and Aero Engines. 
sibility for any statement made; these are taken from the preface By Capt. P. H. Sumner. Lond., Crosby Lockwood & Son, 
or the text of the book. 1929. (Science of Pfight, v. 2). 292 pp., illus., 9x6 in., cloth. 

All books listed may be conBu^ted in«the'Ezi^eeiing Societies 258. 

Library. / After a historical introduction^ this book discusses the prinoi- 

Aeoltjs: or. The Future op the Flying Machine. ^ aerodynamics, the airscrew, types of engmes, the genersl 

N^Y.,E.P.D,.to.4 0o.,im M 

pp., o X 4 m., cloth. iil.OO. book is descriptive rather than theoretical, but contains a large 

A brief discussion «of the future of civil and military flying amount of imormation on current craft, and is profusely 
machines and of^e airship. The author has decided views 6n illustrated. • 




. BOOK NOTICES, Feb. 1-29, 1929 
Unless otherwise specifled, hooks in list have been pre¬ 
sented by the publishers. The Society does not assume respon¬ 
sibility for any statement made; these are taken from the preface 
or the text of the book. 

All books listed may be conauj^ted in«the'Ezi^eering Societies 
Library. 

Aeolus; or. The Future op the Flying Machine. 

By Oliver Stewart. N. Y., E. P. Dutton & Co., 1928. 91 
pp., 6 X 4 in., cloth. $1.00.* 

A brief discussion •of the future of civil and military flying 
machines and of^e airship. The author has decided views 6n 
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INSTITUTE 4ND BELATED ACTIVITIES 


Baublbmbntb dbr Fbinmbchanik. • 

By^ 0. Richter. Berlin, V. D. I. Verlag, 1929. 676 pp., 
^ ^ illus., tables, 10 x 7 in., bound. 29.-r. m. 

This volume is a first attempt to provide the instrument malcer 
with a systematic presentation of the elements of instruments, 
Mnular to the well-known books on the elements of machines. 
R treats successively of the materials used, connections, bearings, 
drivmg mechanisms and regulating devices, giving descriptions 
of a great variety of practicdH methods, with the necessary data 
for the designer. 

The book will be valuable to manufacturers and designers 
of typewriters, sewing machines, phonographs, meters, optical 
instruments and similar apj)aratus. 

Bibliography of Metallic Corrosion comprising references 
to papers on ferrous and non-ferrous corrosion (including 
methods of protection) published up to the end of 1927. 
Greatly enlarged from a bibliography prepared for the 
British Non-ferrous Metals Research Association and 
privately issued to its members. 

By W. H. J. Veijpon. JLond., Edward Arnold & Co., [N. Y., 
Longmans Green <& Co.] 1928. 341 pp., 9x6 in., cloth. $8.40. 
This biWio^aphy is the work of a skilled investigator of cor- 
. rosion, who has brought to its compilation and annotation 
unusual qu^fieations for the task. The result is a work that 
' indispensable to practically every one in the metal 

interested in the preservation of metal structures 
The bibhography is arranged chronologically under four topics: 
the types of corrosion and the factors influencing it, the corroding 
medium, the metal or.artiele corroded, and protective methods. 
Numerous annotations and introductory notes are given, and 
inlhide^^ sufficient cross references. Over 3800 entries are 

Bridge and Structural Engineers* Handbook. 

By Adam Hunter. 2nd edition. Lond., E. & F. N. Spon* 
N. T., Zpon & Chamberlain, 1928. 345 pp., diagrs., tables, 9 
X 5 in., cloth. 21s, 

T^s de^ reference book, popularly known as “Arrol’s hand- 
book, embodies the prectise of Sir William Arrol and Company, 
Ltd., of Glaggow. The scope of the work is indicated by the 
title. It gives the formulas and data commonly needed by the 
designer m the form most convenient for office use, and embodies 
'the results of long practical experience in construction. 

Bureau of Chemistry and Soii^. 

By Gustavus A. Weber. Balt., Johns Hopkins Press, 1928. 
(Institute for government research. Service monographs 
" no.52)218pp.,9x6m.,cloth. $1.60. 

histOTy of the Bureau of Chemistry, 
^ffie work that It dqes and of the organization of its forced 
doCTun^te descnptive and is based on official 

Comprehensive Treatise on Inorganic and Theoretical 
• Chemistry, v. 9. 

• By J. W. MeUor. Lend., & N. Y., Longmans, Green & Co., 
1929. 967 pp., diagrs., 10 x 6 in., cloth. $20.00. 

volume of Dr. Mellor*s great work is devoted to 
vanadium, Columbian, and tanta- 
stod^d of the preceding volumes are 
metal, ^e history, occurrence, extrac- 
are discussed, and its important compounds 
^ detail. No other work m English comes so 

ne^ to flUing aU the ordinary needs of the chemist, nor does any 
other contam such exhaustive bibliographies for further informa¬ 
tion. It IS mdispensable as a reference work. • 

Blhctbical ENonraEBiNa Probudms. Pt. 2: A-c. oireuits 
and Apparatus. • 

By John Q. Pertsoh, Jr. N. T., MoGraw-Hfll Book Co., 
1929. 105pp., diagrs.,9 x6in., cloth. $2.00. 

A companion to the author’s volume of problems on direct- 
oontams a classified series of prob- 
PwwMse, intended to give the stident 
practise m apphoation of the fundamentals of the subject. 

Engineering English. 

By John Hjibert Scott, n/y., John Wiley & Sons. 1928 
321pp„9x6in.,cloth. $2.76. • • 

interesting and unusual^ book. Professor Scott 
presents a course m composition, covering two semesters, which 


Journal A. L E. B. 

r 

is carefully planed to train the student to express his ideas 
accurately and correctly, in a pleasing manner. The presenta- 
i]^tenal is unusually definite and complete, due 
attentmn is given to matters, of iliechanical form, and much 
infonimtion on the correct use of English is included. 
The book will be helpful to eVery writer. 

An Etymological Dictionary of Chemistry, & Mineralogy. 

By Dorothy & Kenneth C. Bailey. Lond., Edward Arnold 
& Co.; N. Y., Longmans, Green & Co., 1929. 308 pp., 9x6 
in., cloth. $10.00. 

The reader who is curious about such things will find fiere the 
aerivation of chemical and mineralogieal names that have been 
ou^ent m the hterature of the period b^inning with the middle 

““ 

Evolutions op the Igneous Rocks. ^ 

By N. L. Bowen. Princeton, Princeton University Press, 
1928. 334 pp., diagrs., tables, 9 x 6 in., cloth. $6.00. 

is an atten^pt to interpret the ^outstanding 
oyg^Qous-rock series as the result of fractional crystalliza- 
1 A ^ collects the facts that have been determined by the 
^boratory investigations of silica melts and shows how thay can 
be m^e to ^plain the derivation of the igneous rooks. The 
bo^ IS b^ed on lectures given tc^advanced students of geology 
at Jrnnoeton, but presents an expanded view of the topic. 

Exhaust Steam Engineering. 

By Cities S. Darling. N. Y., John Wiley & Sons, 1929. 
431 pp., illus., diagrs., tables, 9^6 in., cloth.' $7.60. 

extended presentation of methods for utilizing waste heat 
by back-pressure ^gines, exhaust-steam turbines, steam accumu¬ 
lators, and di^rffiution systems. The author writes from the 
pomt ot^ew of the user rather than from that of the manufac- 
tmer. His aim is to cover the problems ^associated with th 
choice of mac^e^ and the disposition of plant in a maimer 

S Jlta •“ “ >■' “ ' 

Hibtoht of Phtsios. 

By Ploriaa Cajori. Revised and enlarged ed. N. T., Mao- 
miIlaaCo.,1929. 424 pf?., iUus., 8 x 5 inr, cloth. $3.60. 

■Traoes the developmmt of physics from the beginning of 
histoiy to the present day and presents a clear pioturc or the 
current ^ews have evolved and of the -noted 

T J? edition has been revised and 
extended to molude recent discoveries. 

Mathematical Tables & Formulas. 

By Peroey P. Smith and William Raymond Longleyi N. T. 
Joto Wiley & Sons, 1929. 66 pp., 8 x 6 in., fabriboid. $1.60. 

tables and formulas most used in solving 
^bleiM even m oofiege courses in trigonometry, 
analytic geometry, oaloulus, and meohanios. * ^ 

Modern “Divining Rods.” 

By R. J. Santoohi. 2nd editionr Glen SUyn,, HI., The* 
Author, 1928. 80 pp., illus., 9 x 6 in., paper. $2.00. 

oonecldon of notes on ijnefnl and worthless devices 
for locating ore bodies, hidden metals, etc. ^ 

Oboanombtallic Comfotinds, Pt. 1; Derivatives of the Ele- 
ments of Groups I to IV. 


w jraiia., «i, jb. Lippincctt 
Co., pp., tables, 9 x 6 m., cloth. $14.00. ' 

In this, the first portion of the final volume of this textbook w© 
j^ve an ^tensive ^count of the organometallio i^ompounds of 
groups 1 to 4 of the !^riodio classification. Apprraimately 2300 
desonoed, and detailed metho<6 for prepaid all 

Prbcts db Construction, Caloul bt Bssais dbs AvioNS ht 
Hydravions. ^ * 

•By J. Guillemm. Paris, Gautihler-Villars et oie., 1929 442 

pp., illus., tables, 10 x 7 in., paper. 100 £r. 

A handbook for designers and builders, which irives Rnnoiaai-o' 
a great amount of datem praotioal fon^ concisely 
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The author first treats of materials, desonbing their properties, 
uses and the standards of use. The forms of airplanes, their 
oonstrucMon and the construction of their parts are then treated, 
after which the design of aircraft, is treated in detail. Finally, 
methods of testing are given. 

Dbr Qubcksilbbrdampp-Glbichbichter, V. 2; Konstruktivb 
GrotndlagIjn. * ^ 

By Kurt E. Mujler-Lubeok. Berlin, Julius Springer, 1929. 
350 pp., illus., diagrs^ 9x6 in., bound, 42.-r. m. 

Hayi^ considered the theory of mercury arc rectifiers very 
fully in ms first volume, Mr. Mueller devotes the second to their 
construction. He first discusses the principles of design, giving 
chapters on voltage chafacteristics, wave miaracteristics, power 
charactenstics,^ and the short-circuit current, and following these 
with a discussion#of design itself. Following SRis he takes up 
<]^uestions of construction and of the erection of rectifier installar 
tions. The final chapter is a description of the great rectifying 
station of the Berlin railroads. *. * 

The Babio Inpxtstrt; the story of its development as told by 
leaders of the Industry. * 

Chic., & N, Y., A, W. Shaw Co.* 1928. 330 pp., iUus., 9x6 
in., cloth. $5.00. 

The eleven lectxures here collected were delivered at the Har¬ 
vard Graduate School of Busfhess Administration during 1927 
and 1928. They include a history of radio development, by 
David SarnofP, an account of radio in the World War and of the 
organization of an American owned transoceanic service, by 
General Harbord, radio telephony by Doctor Jewitt, the law of 
;^e air by Judge Davis, the eatiy history of broadcasting by 
H. P. Davis, the development of national broadcasting by*M. H. 
Aylesworth, radio merchandising, by J. L. Ray, radio advertising 
by Pierre Boucheron, and industrial applications of radio by 
H. C. Weber. ^ 

The Role op Scientific Societies in the Seventeenth 

* Century. 

By Martha Omstein# Chicago, University of Chicago Press, 
1928. 308 pp., 9x6 in., bound. $3.00. 

It was dur^ the seventeenth century that the experimental 
method of studying science was introduced, and the change was 
due, not to the universities, but rather to the work of independent 
workers® banded together, in scientific societies. The present 
book is intended to show how science advanced during that 
century, what part was played by individual scientists, and what 
was done by .societies in Italy, England, France, and Germany. 
The bednning of the scientific journals are traced, and the atti¬ 
tude of the universities toward the experimental sciences is 
discussed. 

Salts, Acids and Bases; Electrolytes; Stereochemistry. 

By Paul Walden. N. Y., McGraw-Hill Book Co., 1929, 
(George Fisher Baker Non-resident lectureship in chemistry) 
397 pp., port., tables, 9x6 in., cloth. $4.00. 

* These leotures *t7ere delivered at Cornell University in 1927-28. 
They deal with the three branches of science in which Dr. 
Walden has been especially interested; the history of chemistry, 
electrochemistry and stereochemistry. 

An introdu<Jtory lecture on the lessons that modem chemistry 
can learn from alchemy is followed by lectures on salts, acids and 
bases, on electrolytes and non-electrolytes, on the electrical con¬ 
ductivity of non-aqeous solutions and on stereochemistry and 
optical inversion. The historical development is emphasized 
in each case, in an interesting way. 

Source Book in Astronomy. 

By Harlow Shapley and Helen B. Howarth. N. Y., McGraw- 
Hill Book Co., 1929. . (Source books in tb# history of the sci¬ 
ences). 412 pp., iUu^.; ports., 9 x 6 in., cloth. $4.00. 

* # 

The contributions of great workers of the past in science are 
often inaccessible to most students, and as a result his knowledge 
of their work is based on the secondary accounts given in text¬ 
books. The present series, of which this is the first volume, is 
intended to remove the difficulty by .providing, in convenient 
form, the most significant passages from the works of the most 
important sciences during me last three or four centuries. Tlfb 
senes is endorsed by a number of the lea^ng scientific societies. 

The volume on astronomy contains excerpts from the work of 
sixty men, starting vrith Copernicus and ending with G. H. 
Darwin. All contribrntions are given in English. 
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Stage Lighting. 

By Theodore Fuchs, Bost., Little, Brown & Co., 1929. 500 
pp., illus., 10 X 7 in., cloth. $10.00. (Gift of author). * 

This wofk should give grea? satisfaction to every one interested * 
in stage lighting, whether he be a professional play producer, ov 
amateur, or an illuminating engineer. The functions of stage 
lighting and the methods of produoiqg desired ef ects are dis¬ 
cussed fully, and in addition there is detailed, sound information 
upon the electrical equipment in use and the method of control¬ 
ling it. Attention is paid to the needs df the amateur; by pro¬ 
viding directions for designing and building equipment suited to 
his resources. The subject is treated with great clearness and 
the book is unusually comprehensive in scope. 

Steam, Air, and Gas Power. * 

By William H. Severns and Howard B. Degler. N. Y., John 
Whey & Sons, 1929. 425 pp., illus., tables, 9x6 in., cloth. 
$4.00. 

An elementary text on heat engineering, for courses of limited 
duration. It aims to describe briefly and clearly typical and ^ 
representative equipment, and to explain the theory of such 
machines and device^. The mathematical calculations involved 
are of the simplest order. 

Steam Turbines. 

By James Ambrose Moyer. 6th edition. N. Y., John Wiley 
& Sons, 1929. 557 pp., illus., plates, diagrs., tables, 9x6 in.,, 
cloth. $4.50. 

In the new edition of this well-known text, special attention has 
been given to the calculations for the designing of steam turbines. 
New sections have been added upon the enlarged field of appli¬ 
cation of bleeder turbines, upon recent data on the variation of 
steam consumption with the age of turbines, upon various 
designs of packing, and upon new features in the design of l^ge 
high-pressiire tmrbines. An appendix contains the calculations 
for the design of a reaction steam turbine. 

Strength op Materials. 

By Alfred P. Poorman. 2d edition. N. Y., McGraw-Hill 
Book Co., 1929. 343 pp., diagrs., tables, 9x6 in., cloth. $3.00. 

This textbook by the Professor of Applied Mechanics at 
Purdue University is a companion to his ‘'Applied Mechanics,^* 
and is intended for use by undergraduate students-vJith a knowl¬ 
edge of physics, the calculus, and statics. 

This new edition has additional matter on suddeq. and impact • 
loads on beams, riveted joints, timber beams, and columns, and . 
on safe stresses for timber. 

Verstarkermesstbchnik; Instrumente und Methoden. 

By Manfred von Ardenne. Berlin, Julius Springer, 1929. 
235 pp., illus., diagrs., 10 x 7 in., paper. 22,50 r. m. 

Discusses methods and apparatus for the accurate measu]^ 
ment of the efficiency of amplifiers. Methods are given in del^l 
for measuring all the important characteristics, and the sources 
of possible error are pointed out. A bibliography is included. 
Vorlesungen Uber Dippehential-und Integralrbchnung, 

V. 2; Funktionen Mehrerer Veranderlicher. 

By R. Courant. Berlin, Julius Springer, 1929. 360 pp., 
9x6 in., cloth. 18,60 r. m. 

The concluding volume of Professor Courantis textbook treats 
of functions with several variables. As in the first volume, his 
aim has been to present the principles and methods clearly and 

Dbr ^armeubergang Bbim^Kondbnsibren Von Heiss Und 
Sattdampp. 

^ By M. Jacob and S. Brk; also Die Verdampfungswarme des 
'^T’assers und das Spezifische Volumen von Sattdampf ffir Tem- 
peraturen bis 210 deg. C. By M. Jakob. (Forschungsarbeiten, 
heft 310) Berlin, V. D. I. verlag, 1928. l9 pp., diagrs., tables, 

12 X 9 in., paper. 3.50 r. m. 

Although steam i§ our most important technical conveyor of 
energy, but little is yet known about some of its properties, be¬ 
cause of the difficiuty of experimental investigation of them. 
This is true, for example of the process of condensation, which is 
so incompletely understood that it has been uncertain whether 
superheated or saturated steam is most effective in this case as a 
heat carrier. The first report inlihis pamphlet describes a study 
of the compa^rative values of the two, the conclusion being that 
they are equiuly efficient, if the steam condenses. 

The second report is on a study of the heat of vaporization of 
water, and gives the results obtained between 30 deg. and 
2^ deg. cent. 
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.FourflJil A. L K- K* 


Wij \T Engi.ni:i:us Do; an Outline of Construction. 

By Waltir D. Bingcr. N. Y., W. W. Norton & Co., 1928. 
iliu:'., S X 5 in., cloth. 82.75. 

Not only boys, but also many arfults, will be interested in this 
?»ppiilar aeeoiiut of the work or the civil engineer. The author, 
a jiraetiding Migineer, tells how bridges and buildings, highways 
and railroads are built, Imw land is surveyed and mapped, how 
jloods are controlled and water utilized. An unusually good 
uttcmpl at popularization. ^ 


WiB Tbchnik Dir Im Haushalt Hilpt. 

By C. Sauberlioh. Berlin, V. D. I. Verhig, 1028. 
illus. ,8x6 in.,''paper. 4.80 r. .m. ■ 

Explains the principles cand constriietiou t)f 


111» PI)., 

Icidiiitcal 
vutilaf in^ 
11(1 iroiiiiitr 


in simple language. 


■ ‘ •' t* ' ................... 

Engineering Societies Employment Service 

... ■ .... . . ....... ... . ..... . ............- 

^ Under joint management of the national societies of CimU Mining^ Mechanical and Electrical Engineers cooperate 
inglmik (he Western Society of Engineers. The service is available only to their membership, and is maintained as a 
cooperative bureau by contributions from the societies and their individual members wKo are directly benefited. 

Offices:—SI West S$th SU, New Yorkf N. F.,— W. V. Brown, Manager. 

1216 Engineering Bldg., 205 W. Wacker Drive, Chicago, III., A. K. Kramer, Manager, 
m 57 Rost St., San Francisco, Calif., N. D. Cook, Manager. 

• MEN AVAILABLE.—Brief *annoup.cemenis will be published without charge but wiU not be repeated except upon 
requests received after an interval of one month. Names and records will remain in the active files of the bureau for n 
SVJSi mmths and are renewable upon request. Notices for this Department should be addressed to 

' SERVICE, 31 WEST 39th Street, New York City, and should be received prior to the 15th day 

of the month. • 

OPPORTUNITIES.—A Bulletin of engineering positions available is published weekly and is available to 
members of the Socieii^ concerned at a subscription df 3S per quarter, or 310 per annum, payable in advance. Posi- 

ItOnS not nllfi.n. nrntnnnfMi /vo n 1 ,. ...._9 t._^ ^ « 


^^M{fVro^tlyas a^uU M^^^^ in the Bulletin may be announced herein, as formerly. 
. YODUNTARY contributions.—M embers obtaining positions through the medium of th\ 
xnvttea to cooiperate with the Somelies m ths 'fimmM.vi.n nf ^ 


this service arc 


6tff rne^^ers, together with the finances appropnaied 

B htU to increase and extend the eervicc. 

be to announoemente publtahed herein or in the BvOetin, shovld 

lo number tMteated tn each case, a two cent stamp attached for reforwarding, and forwarded 

received by the bureau after the posUione to which they refer have been 


POSITIONS OPEN 

ELECTRICAL ENGINEER, graduate, for 
electrical engMeering department of school of 
technology beginning next September. Previous 
^ teaching experience not essential. Salary about 
^ S2700 for academic year. Advancement and 
pesronenc} . Apply by letter giving^ull personal 
and ittofessional particulars. Photograph de¬ 
sirable. Location. New York. X-7o23. 

ENGINEER, young, graduate, 
with one or two years’ experience for high-volt- 
transmission investigation. Experience with 
Cathode-Ray OsciUograpJh desirable. Apply by 
wftcr. Lotion, Pennsyh-anla. X-7504. 

ENGINEERS, who have had extensive practi- 
^ experience in precision, electrical and physical 
pi^cments. TechnicaUy trained men who 
' ^ ^ definite aptitude for laboratory and 

^elopraent work and who can develop along 
^neering or executive lines, desired. Range of 
^ only by 

^ Massachusetts. X-7o37. 

electrical ENGINEER, to design line of 
lo^-voltage motors. Must be thoroughly 
“JJkr with modem production testing and in- 
methods. Apply by letter, stating salary 
Location. Middle West. X-7376^ 

“ '»»Ten«onal elecWcal 

EXeiNEER. Graduate who 
Pow^.»f ***/““’ **»«■*“<» In designing 

ISSL 1“”*, ““ low-teneir^. 

engineer. 2S^. thor- 

to designing gmaU automatlo 
"*** training 

***“** eiperlence. *Opportnnlte 

new* engineer, eteetricai «n g.. 

•eer. wWi« expettawe for maktog 


on medium size pubUc utIUty Including deeiga. resoiirch and production i.r 
!: ^ n^ary computations parte and complete rocelvors. Dosiros t.i iusko- 

' ^ to- date with small manufactiiror, iir 

I I^c^n oonsldor Invostmont In propoHlHon huvliig 

t ijo^tton, New England. X-726e. merit. Location New York fUiv 

^ elec^f BNGIOTBR. 1927 or 1928 graduate to MBOHANIOAL AND EDKOTIIKIAI. 'i? js‘ fJ I - 

NEBR. 39. single: thorough onghUHn-lns l^nlnlnK: 

MEN AVAILARt,!! utilization-of electric energy lli hulWKtry. mlites. 

; ELEOTRIOAL SALES AND OONSTRUn '‘‘^o®^- Economist. Bxeoutlvo ability. .HpcaUs 
TION ENGINEER. 31, desires with English, German, and Vroiinh. Lo- 

' reliable company; graduate of Co t^ll tomatetlal. 0-2327. 

. coUeges ^th ten years' yarled experi^T^ji NBERm«®°n>. °®’ “^^“OTUIOAL ENfll- 
j years with largest electrical maoixifacturer* arad- ^ yoar‘8 exporioucis fi.*< 

^ uate student electrical engineering test course* Electrical BngluGorliig Dopartmqtit In 

j ^erience in turbine engineering, switchboard* onginooring coHokc-s xwiri 

district office and resident agent sales* also’ oxporience In toachlng. practK^xfct 

f specialty merchandising. 0-5618. ’ ’ administrative work, rfow In Mid West. 

, ELEOTRIOAL ENGINEERING GRAD- Position as teacher or as an educational 

UATE. 27. single, good health, desires r<vrfti/>n 52?**“ 0-5009. 

, with operating or pubUcutmUes company. Four ■*'*^*’ ISI^KO'I'itl- 

, yeara experience in electrical service and repair ®N®INEBR, deslros pwltlon wllli r.>- 

. work, and five years' business experience devoted corporation. CJ-.7»ti l, 

h^nt ®“"*^ location preferred nS° n » MBOHANIOAL KNlil- 

but not essential. 0-4828. NBBR, University graduate. Twolvo yicirs' 

EiaOTRIOAL ENGINEER, married, desires S^^**^*® technical, commordol, protlimlioii 
^tlon design, re^sarch or development engl- Profession. Spedallzotl In oll-i?lr«!uU 

practical experience In power ePParottw. Executive, Inventive ab</tty. 

station and transmission lines. In applying labora- f * ‘"“years In charge of englnoerltiK In well- 
to^ resets to practical useS'tealned to do system- ^*7” abroad. Resigning to return n» 

^TOrkand organizing:possesses sound ^^ros connection with Crogrosslve n iiui- 

toowledge In electromeohanios and electro^company, pubUc utility. Any Icxmlini! 
.Physics. Speaks German and French. Middle Wost ‘ 

^MBUSTION ENGINEER, with technlUl ENGINEER AND DE- 

P'^erlzedcoal.oll’^*8S^^*’p^te'd^^ ^!*”L ”¥*!®® ®“«to^l^conmniUw,« 
position where ability along such lines is speclflcations and losDu<®tff >»i 

'*® “®* eeles work. 8oSS^d ‘ wK 
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• • ♦ * 

with consultiug engineer or industrial plant, or position as a junior engineer. Now employed, light, power and signals on theatres, hotels, office 

B-7028. buildings, loft buildings, clubs, etc; one year with 

ELBOTRIOAL ENGINEER, 29, married. BL^OTRIOAL. ENGINEER, 40? married, electrical .contractor on large buildings; dftslres 
Graduatd B. S. in B. B. With General Electric Experienced In railway, automotive avid building permanent connection anywhere as designing * 
Company five years, including apprentice course, maintenance and repair; 14 years in mechanical engineer with architect, or estimating engineer 
Experienced as cost estimator and smes cor- department of large public utility as assistant with contractor. B-4217. * 

• respondent. Desjpes connection with manu- superintendent of shops and master mechanic. PROFESSOR OP ELECTRICAL BNGI- 

facturlng concern. C-5678. Lower New England or northern New Jersey NEEBING. Head* of Department in a state 

PLANNING ENGINEER, 33, married; 8 preferred. 0>5632. university of l^h standing would consider a 

years’ electric utility experience, including electrl- ELECTRICAL ENGINEER, graduated 1916, change of InstitSdoii Jf opportunity ^nd larger 
cal system planning, %)reparatlon reports and 35. with wide experience In construction, design Income would be available. Seven years* of 
Improveisent budgets, preparation of englnee^g and general engineering for power house, trans- practical experience as well as excellent liberal and 
contracts, supervision of engineering, coordination mission, and distribution work; past three years technical training. Good teacher and organizer, 
of activities of several depai-tments, handling of engineer in Power Ssdes department of large utility Member of honoraj*y and professiomd societies, 
work on account of municipal Improvements and corporation, specializing in steel mill applications. 0-6710. 

assistant to executive. B-9273. De^ps connection as assistant electrical engineer ELECTRICAL ENGINEER, 26, married, 

ELECTRICAL JjNGINBER, University grad- with utility corporation or large manufacturing 1925 graduate B. S. in E. E.; four years’ expe- 
uate. Eight years* experience in design and concern. 0-5079. rience public utility; power plant operating, meter 

manufacture of d-c. and a-c. motors and generators.* ELECTRICAL ENGINEER, technical grad- department high- and low-voltage testing, rate , 

At pr^nt in charge of complete electrical and uate, 43, single. General Electric Test, 7 years' schedule application; desirous of obtaining de- * 
mechanical development for midwest concern, experience in power layouts, subgtation designs, signing and construction engineering position with • 
Available upon reasonable notice. 0-4801. motor iostallatlons, wiring dlagi’ams and kindred progressive Urm. Location preferred, Atlantic 

ELECTRICAL ENGINEER desires position subjects for factory and industrial plants. Desires . Seaboard. C-5682. • • 

• doing research or development work. Thor- position along similar lines or as draftsman in ELECTRICAL ENGINEER, *34, marrle'd. 

oughly trained and competent meter engineer, charge of electrical squad. Now employed, graduate M. E., Comell University. General 
Experienced in combustion and general laboratory Available 30 days. G-6081. Electric and Westinghouse Test Courses. Five 

and power plant testing. Has been successful ELECTRICAL ENGINEER, graduate, 30, yeai's* experience in power plant construbtion and 

along development lines; also, extensive public married, wrllllng to travel. Has had two yeai's* operation. Desires connection with Industi^jal* 
utility experience. C-5258. experience on General Electric Test, 1 year sales concern having Its own power plant. Was In * 

ELECTRICAL ENGINEER, of extensive and contract service experience, three years in the charge of 4000-Kw. industrial plant for, three 
education and with wide experience In d-c. ma- electrical contracting business, and one year on years. Available on short notice. G-6721. 
chine design. A specialist in economical pro- valuation and appraisal work. Desires to enter MANAGER, experlenped in every branch of 
portioning. 0-6701. sales, inspectloa or Installation work. Will be electric public utility; engineering, construction, 

UNIVERSITY GRADUATE IN ELBOTBI- available on short notice. B-9090. sales and management. Well versed on develop- 

CAL ENGINEERING^ married, 30; two yeara’ l^^CTRIOAL ENGINEER, 31, 10 years* ment of industrial power business, production of 

general experience and four years as Instructor of experience; two years complete wiring plans, good service, satisfactory relations with customers 
electricity and drawing, desires teaching position spedflcatlons. en^eering, correspondence, for and public. Technical graduate. B-7492. 

^ .......... ... . I 

I MEMBERSHIP —Applications, Elections, Transfers, Etc. 

......"‘Ig""'. . .................................... 

* APPLICATIONS FOR TRANSFER DAWSON, OEOIL. Lecturer in Elec. Bngg., THERRELL, DANIEL M., Supervisory Dial 
The^card of Examiners, at its meeting held Auckland University College, Auddand, Service and Radio, Southern Bell Tel. & . 
March §, }929, recommended Ihe following mem- Atlanta, Ga. , 

bers of the Institute for transfer to the grades of 3DIBUERIOH, P., Supt. of Light and Water 

membership Indicated. Any objection to these Depts., City of Glendale, Glendale, Calif. APPLICATIONS FOR ELECTION 

transfers should'befUed at once with the National CtEORGE, E. E., Supt. of Elec. Operation, Ten- Applications have been received by the Sec^ 
Secretary. nessee Elec. Pr. Co., Chattanooga, Tonn. retary from the following cahdldates for election 

To Grade o£ Fellow JONES, H. RUSSELL. Asst. Supt. and Elec, to membership in the Institute. Unless otherwise * 

DTJEB, J. V. B.. Blectrloal Pwmsyl- Oubana, S. A.. Tulnucu, Indlcatad, the applicant has appUed for admfc- 

vanlaEiillroad Altoona Pft slon as an Associate. B the appUcant has appUefl 

vama jxaiiroaa, juroona, r'a. T.ATTKrTtwn a DrnxTTTT> t 4 .^ « a«-a 


Depts., City of Glendale, Glendale, Oalif. APPLICATIONS FOR ELECTION 

GEORGE, E. E., Supt. of Elec. Operation, Ten- Applications have been received by the Sec^ 
nessee Elec. Pr. Co., Chattanooga, Tonn. retary from the following cahdldates for election 
JONES, H. RUSSELL, Asst. Supt. and Elec, to membership in the Institute. Unless otherwise 
Eugr., Celulosa Oubana, S. A., Tulnucu, Indicated, the applicant has applied for admAs- 
Cuba. slon as an Assoclatb. If the applicant has applied 


WATVTTT A-TPAT?AW w LAUNDER, ARTHUR I., Dlvlsiou Traffic Engr., for direct admission to a grade higher than Asso- 

HAMILTON, GBOEGB W., Vice-President in ^ ^ -- 


charge of Hydraulic and Electrical Enginoer- 


ciate, the grade follows immediately after the 


SrMl 5 ;hTw;rmmil^Oe::^^^ the electin' 


ivyrATTT rnwAw T-otrr-vTA w Petroleum Co., Dallas, Texas. UA any VA UAcens utuiuiuabcs suuu 

^ Edison 


of any of these candidates should so inform the 


Electric Illuminating Oo., Boston. Mass. f a'J' Oo- acheneetady. 

SPALDING, SAMUEL A., Ohlef Engineer, ® ^UBBNOB A.. Telephone Syrtems u. Y. 

Glbhs Sc HIM, Pennsylvania Station. N. Y. ’ Adllngton, B. B., Georgia E^way Sc Power Oo.. 

SPOONBE, THOMAS, Asst. Manager, Beseaich Associate In Bloc. Atlanta, Qa. 

Dept., Westinghouse Elec. & Mfg. Oo.. Bi^., Johns HopMns University. Baltimore, Alford, E. L.. BeU Tel. Laboratories. New York. 

TAPSaOT^'*^LPH H., Electrlcsi Engineer, N.. OolumWa Engg. Sc Mgt. Oorp., 

The New York Edison Oo.. New York, N. Y. Oindnnatl, Ohio 

QUARLES, DONALD A., Plant Systems Engr., Axelsson, R. V., Byllesby Engineering &; Manage- 
To Grade of Member Bell Telephone Labs., New York, N. Y. meat Corp., Chicago, lU. 

ANDERSON, GORDON R., Development Engi- RIDDLE. FRANK H., Director of Research, Ballou, H. P.,’(Member), Dept, of Power & 
neer, Fairbanks Morse & Co., Indianapolis, Champion Porcelafn Co., Detroit, Michigan. Light, Sebring, Fla. 

Inc(J • BIGGS, OLIVER L., Foreman-Underground Bare, W. E, Southern* Bell Tel. & Tel. Co., 

ATHERTON, ALBERT, Engineering Assistant, # Dept., Lynn Gas & Elec. Co., Lynn, Mass. ^ Birmingham, Ala. 

Western Union Telegraph Co., New York. ROGERS, HURLEY T., Asst. Supt., Under- Behr. L., Leeds & Northrop Co., Philadelphia, Pa, 
BROWNELL, FRANK A.. High Tension DUH- ground Construction. N. Y. & Queens Blec, Blakeslee, T. M., Los Angeles Bureau of Pr. &Lt., 


Acoclc, G. W., General Electric Co., Schenectady, 
N, Y. 

AdUngton, E. R., Georgia Rahway & Power Co., 
Atlanta, Ga. 


Engg., Johns Hopldns University, Baltimore, Alford, B. L., BeU Tel. Laboratories, New York, 


BROWNELL, FRANK A.. High Tension DUH- 
$ion Chief, PubUc Service Blec. & Gas Co., 

Metuchen, N. J. « 

BULL, HEMPSTEAD S., Instructor in Elec. Central Hudson Gas & Elec, Corp,, Pough- Chicago, Ill. 

Engg.-, University of Michigan, Ann Arbor, Bowman. J. O.. PubUc Sendee Electric Sc Gas 

Mich. • CLAIR, HARRY P.. Asst, to Blec. Engr., ^ Newark N J 

CARMICHAEL, BLWOOD T., Engg. Arat., American Gas & Blec. Co., New York. *’ ^ ^ x.* -nudi j t 1.4 

PubUc Sendee Production Oo.,Nm^k,N.J. SOOTT. RALPH Ye. Supervisor of ToU and Brady. R. A.. General Electric Oo.. Philadelphia, 
COLEMAN, JAMES O’REILLY, Asst. Engr., Transmission Testing, New England Tel, 

National Electric Light Association, New & Tel. Co., Boston, Mass. Brandenburg, F. E., Western Electric Co., 

York. SBLS, HOLLIS K., Asst. Transmission and Sub- Kearny. N. J. 

CUNNINGHAM, ALLAiN*, Manufacturer Marine station Engi*., Public Service Elec. & Gas Brandt, E. S., Westinghouse Elec. & Mfg. Oo , 

Auxiliary Machinery, Seattle, Wash. Oo., Newark, N.*J. * East Pittsburgh. Pa. 


Lt. & Pr. Co., Fliishing, N. Y. 


IjOS Angeles, Calif. 


ROSEBRUGH, DAVID W., Asst. Rate Engr., Botts, M. P., Commonwealth Edison Co,, 


Chicago, Ill. 

Bowman, J. O., Public Service Electric & Gas 
Co., Newark, N. J. 


• • 
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Jom^al A. L E. E. 


Bruzlna, R., Cutler-Hamzaer Mfg. Oo., Mil¬ 
waukee, Wls. 

Buck, O, D., Texas Power Oorp., Sequin, Tex. 

. Burgan, K, B., Ohio Bell Td. Co., AkAra. Ohio 
Bush, P. p., Victor X-Ray Oorp., Los Angeles. 
^ OalUr. 

Butcher, J. H., Michigan Bell Telephone Oo., 

Detroit, Mich. « 

Oannlxzo, M., CMember), Outler-Haminer Mfg. 

Oo., Milwaukee, Wla. • ^ 

Oapodanho, R.^ T., lUluiSls Bell Telephone Oo., 
River Forest, Ill. 

01ingennan,‘R. J., Oeneral Electric Oo., Erie, Pa. 
Copeland, M. W., Luxortone Oorp., Inc., Mt. 

Vernon, N“. Y. ♦ 

Oordier, N. A., Electric Storage Battery Co., 

New York, N. Y. 

OorneUus, O. O., Kansas City Power & Light Oo., 
Kansas Olty, Mo. 

(Applicant for re-election.) 

Correia, J. L., 602 West 137th St., New York, 
N. Y. 

Ooulehan, G. W., < 5 . Allis-Ohahners Mfg. Oo., 
' Oincinnatl, Ohio • 

Cowan, F. A., (Member), American Tel. & Tel. 
Oo., New York, N. Y. 

Ooyle, H. F., New York Power & Light Oorp,, 
Albany. N. Y. 

Ourran, G. M., Electric Storage Battery Oo., 
New York, N.Y. 

D’Amato, N.. 146 E. 129th St.. New York, N. Y, 
de la Oierva, J„ General Electric Oo., Schenectady, 
N. Y. • 

Dewey, G. W., N, J. Bell Telephone Oo., Hacken- 
# sack, N. J. 

Dobson, L. O., Oommonwealth Edison Oo., 
Chicago, 111. 

Dowdell, J. R., Houston Lighting & Power Oo.. 
Houston, Tex. 

Drake, H. N., Victor X-Ray Oorp., Los Angeles, 
Calif. 

DuOhemin. N. M., General Electric Oo.. Lynn, 
Mass. 

Dumont, D.^P., Indiana General Service Oo., 
Marion, Ind. 

Baglen, E. O.. OUver Iron & Steed Oorp., Pitts¬ 
burgh, Pa. 

Edgerton, G. E., (Member), XT. S. Agmy; Fedwal 
Power Oonomisslon, Washington, D. O. 
Falkovlch. O. O., O. M. Lovsted & Oo., Inc., 
Seattle, Wash. • 

Fischer, V. O., Central Catholic High School, 
r Toledo, Ohio 

Poerster, J. A., (Membep). City of Price Albert. 

Price Albert, Sask., Can. 

Pox, W. S., Stevens & Wood, Jadkson, Mi(dx. 

Prech, A. D., United Electric Lt. & Pr. Oo., 
New York, N. Y. 

'Frederick, O. L., Telephone Laboratories, 
New York, N. Y. 

Prye, B. F., Westlnghouse Elec. & Mfg. Oo., 
Bridgeport, Conn. 

GiOlagher, P. J.. Bronx Gas Sc Elec. Oo., New 
York. N. Y. 

GottsdtmiU, O. M., Lanston Monotype Machine 
Oo., Philadelphia, Pa. 

GullJksen, P. H., Westlnghouse Elec. & Mfg. Oo„ 
Bast Pittsburgh, Pa. 

Giistavsen, B., New York Central Railroad, 
New York, N. Y. 

Haley, W. H., Westlnghouse Elec. Sc Mfg. Oo., 
East Pittsburgh, P%, 

Bart, L. 0„ (Member), Hl-Voltage Equipment 
Oo., Cleveland, Ohio 

Hazlehurst, O. M., Oonsultlng Engineer, 712« 
Plat Iron Bldg., Asheville, N. O. 

Hollis, I. H., Oonomonwealth Edison Oo., Chicago, 

m. 

Howland, E. W., Commonwealth Edison Oo., 
Chicago. Ill. ^ 

Hubbard, O. J,. Kansas City Power Sc Light Oo., 
Kansas Ol^, Mo. 

Huber, G. H., Bell Telephone Laboratories, Inc., 
New York, N. Y. 

Hunt, P. B., Nazareth Cement Co^ Nazareth, Pa. 


Ides, D., (Member), United Engineers & Con¬ 
structors, Inc., Philadelphia, Pa. 

Intrieri, N., New York Edison Oo., New York, 
N. Y 

Ives, H. E., (Fellow), Bell Tel, Laboratories, Inc., 
New York, N. Y. 

James, R. S., Interborough Rapid Transit Oo., 
New York. N. Y. ® 

Jennings, E. B., Southwestern Bell Tel. Oo., 
Oklahoma Olty, Okla. 

Johnson, W. H., Southeastern Engineering Oo., 
Birmingham, Ala. 

Jones, W. O., Toledo Edison Co., Toledo. Ohio 

Kezele, M., Union Electric Lt. & Pr. Oo., St. 
Louis, Mo. 

Knowlton. J. J., Western Electric Co., Kearney, 
N. J. 

Krayblll, V. H., Public Service Oo. of No. Ill., 
Chicago, Ill. 

Kyser, M. W., (Member), American Tel. Sc Tel. 
Oo., Atlanta, Ga. 

Laquidara, A. K., Plasterers Information Bureau, 
New York. N. Y. 

Leazpnby, A. L., Michigan Bell Telephone Oo., 
Detroit, Mich. 

Lee, Y. W., Mass. Institute of Technology, 
Boston, Mass, 

Leppelman, L., Public Service Dept., Glendale, 
Oalif. 

Lowman, A. A., •vMember), I^orthwestem Bell 
Telephone Oo., Omaha, Nebr. 

Matlock, L. F., Bureau of Reclamation, PavllUon, 
Wyo. , 

McCracken, E, G., Alfred OoUyer Co., Toronto, 
Ont., Can. 

McCurdy, R. G., (Member), GraybarElecfticfOo., 
Kansas City, Mo. 

McDougal, W. L„ Pullman Free School of Manual 
Training, Chicago, Ill. 

McNeely, J. H., Clinton Electric Lt, Sc Pr. Oo., 
Clinton, Oonn. 

McTaggart, F. B„ West Penn Power Oo„ Pitts¬ 
burgh, Pa. 

Meath, P. L,, Texas Construction Oo., Houston, 
Tex. 

Meytrott, O. W., Florida Power Oorp. & Sub¬ 
sidiaries, St. Petersburg, Fla. 

Moosbrugger, F. J., PubUc Service Oo. of No. lU., 
Evanston, III. 

Muir, W., Oomell University, Ithaca, N. Y. 

Mulligan, J, F., United Electric Light Sc Power 
Oo., New York, N. Y. 

MuUlneaux. F.. R. O. A. Photophone Inc., New 
York, N.Y. 

Oldham, E. W., Oommonwealth Edison. Oo., 
Chicago, Ill. 

Paroonagian, L. A., Pennsylvania Railroad, 
Philadelphia, Pa. 

Patton. E. P., Bronx Gas Sc Electric Oo., New 
York, N. Y. 

Person, A. W., Northern Nebraska Power Oo., 
Crete, Nebr. 

Petersen, A. H.. Westchester Lighting Oo., 
Mt. Vernon, N. Y. 

Peterson, A. E., 6110 Rockridge Blvd., North. 
Oakland, Oalif. 

Phelps, J. E. B., (Member), Sarnia Hydro- 
Electric System, Sarnia, Ont., Can. 

Phillips, O. A., Virginia Electric & Power Oo., 
Roanoke Rapids,* N. O. 

Pierce, H. J., (Member), Northwestern Bell Tele¬ 
phone Oo., Minneapolis, Minn. 

Plummer, E. W., Bufltdo General Electric Co.^^^ 
Buffalo, N. Y. 

Powell, J. B„ General Electric Oo., New Haven, 
Ooim. 

Racer, T. J., Padflc Tel. Sc Tel. Oo., Stockton, 
Oalif. 

Regniere, J. A., Shawinigan Water Sc Power Oo., 
St. Narcisse, Que., Can. ^ 

Rletow, L. A., Pacific El^tric Mfg, Oorp., San 
Francisco, Oaiflf. 

Ronomel, E. J., Toledo Edison Oo., Toledo, Ohio 

Ross, O. W., Roessler k Hasslacher Ohemical Oo., 
Niagara Falls, ^.Y. « 


Ross, L. E., Niagara Falls Power Oo., Niagara 
Palls. N.Y. 

Rossiter, H. A., Electric Storage Battery Oo., 
New. York. N. Y. - 

Sammer, B. N., Union Oil Oo., Los Angeles, Oalif. 
Sawfoi^, H. S., American Tel. Sc Tel. Co., New 
York, N. Y. 

Secrest, W. J., Firestone Tli^a & Rubber Oo., 
Akron, Ohio 

Sheldon, E. E., (Member^, Utilities Engineering 
Oo., Inc., Albany, N. Y. 

Sl^rmund, R. O., Federal TelegraphrOo., Palo 
Alto, Oalif. 

Simpson, H. G., O^ada Northern Power Oorp., 
Ltd., New Liskeard, Ont., Can. 

Smith, R. D.. PubUc Service Oo. of No. lU., 
Evanston, lU. 

Snow, H. E., (Member), Gibb'S & Hill, New York. 
. ^ N. Y. 

So^e, F. M., Carnegie Institution of Washing^n, 
Washington, D. O. 

Stacey, L.^B., (Member), University or British 
Columbia. Vancouver, B. O., Can, 

Stevenson, A. O., Hecia Mining Oo. Sc Sullivan 
Mining Oo., Wallace, Idaho 
Stewart, L. B„ Shawinigan Water Sc Power Oo., 
Shawlnkran Falls, Que., Can. 

Stith, R. G., Kansas Oity Power Sc Light Oo,. 
Kansas Oity, Mo. 

Strelzofl, J. A., 170 Claremont Ave., New York, 
N. Y. 

Taber, L. E., New Bedford Vocational School, 
New Bedford, Mass. 

Talbott, J. E., Stevens Sc Wood, Inc., Jackson, 
Mich. 

Teare, B. R., Jr., University of Wisconsin, 
Madison, Wis. €> 

Terkelson, G. A., Atlantic Refining Oo., Phila¬ 
delphia, Pa. 

Thlbeault, A., Canada Power Sc Paper Oorp.,^ 
Grande Mere, Qv^., Oauv 
Thomas, G. O., Hydro-Electric Power Comm., 
Toronto, Ont., Oan. 

Turnbull, A. G., ^Member), r Oommonwealth 
Edison Oo., Chicago, lU. 

Valentine, D. O., American Tel. Sc T*^l. Oo., 
Cleveland, Ohio ^ 

Wahlstrom, R. D., Western Union«^ Thl. Oo., 
Chicago, Ill. 

Wardner, H.E.,4 Academy St., Saranac Lake, N.Y. 
Waring, M. L., General Electric Oo., Schenectady, 
N. Y. 

White, B. T., Jr.. 9316-'X07th St.. Richmond HiU, 
N. Y. 

Wlckstrom, O. S., Commonwealth Edison Oo., 
Chicago, Ill. 

Willis, B. S., Bell Telephone Laboratories, Inc., 
New York, N. Y. 

Winemiller, H. R., Oommopwealth Edison Oo., 
Chicago, Ill. ’ 

WoUaeger, L. A., Glob'b Electric Oo., Milwaxikoe, 
Wis. 

Wyland, E. E.,'fountain States Tel. de^Tel. Oo., 
Boise, Idaho » 

Total 148. 

Foreign 

Bruford, S. J., (Member), Punjab P. W. Dept., 
Jogindar Nagar, Kangra District, No. India 
Davis, N. B., (Member), Marconi Wireless Tele¬ 
graph Oo., Ltd., Chelmsford, Essex, Eng. 
Dean, G. H., Oorrle, Old Shoreham Road, Shore- 
ham-by-Sea, Eng. 

Husain, 2Uarat B., Principal, Efectrlcal Engineer¬ 
ing Dept., Jagatjlt Birdwood Engg., College, 
jj, Amritsar; for mall, Allahabad, U. P., India 
Joisse, H., Ste. Electricite de Paris, Saint Denis, 
France '* 

Mukerjl, P., Thana Electric Supply Oo. Ltd., 
Thana, Bombay, India 

Mulqueen, B. A., Rio de Janeiro Tramway, Lt Sc 
Oo. Ltd., Rio de Janeiro, Brazil, So. 
America 

Pettigrew. J., AU America Cables Inc., OaU, 
Colombia, So. America . 

Pyper, D., Braden Copper Oo.. Rancagua, Chile, 
So. America 

Total 9. ^ _ 
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STUl%:i<TS ENROLLED 
Abella, Roman V., University of Washington 
Adams, Eric Q., McGill University 
Alg^er, Blandford A., Cooper Union 
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Douglass, William B., University of Texas Karageorges, George P., University of Minnesota 

Dudley, Beverly, Armour Institute of Technology Keener, Charles E., Drexel Institute 


Duffy, John B., Northeastern University 
Dunil, Raymond 0„ Georgia School of Tech. 


Kelton, Kenneth, University of Arizona 


Alg^er, Blandford A., Cooper Union ^ Dunn, Raymond O., Georgia School of Tech. Kempe^ t^leorge W.. Iowa State College 

Anderson, Hugh V., Oklahoma Agricultural & DylewsW. Thaddeus J., Armour Institute of Tech. Kendall. Donald B., Unive^ty of Minnesota 


Mechanical College 


Bari, John C., University of Illinois 


Anderson, John W. Jr., University of Notre Dame ®herts, Hermann L., McGill University 


Angus, P. WllllaA, McGill University 


Bffertz, ^rman G., University of Minnesota 


Asmus, William P., Armour Institute of Tech. EUIcock, Albert B., University of Arizona 


Austin, Lewis E^., lowa State College 
Bacon, Walter M., Oo|pell University 
Badger, Harold R., University of Washington 
Bak r, George W., Armour Institute of 'f 


Bmlein, Harold, University of Minnesota 
Bmmert, John L., University of Notre Dame 
Bngelhardt, George B., Cornell University 


Killian, Leo G., University of Arizona • 

Kingcade, Paul M., Ohio State University 
Kletnkauf, James D*. University of Nebraska 
Knittet, Kilian, Armour Institute of Technology 
Knott. Gilbert it., Rose Polytechnic Institute 
Knudsen, B. Phillip, 5r., Carnegie Inst, of Tech. 
Kocher, Addis B., Massachusetts Inst, of Tech. 


Bak r, George W., Armour Institute of 'fech. Eugene J„ College of the City of New York Krasnow, Shelley, Collegeof the City of New York 


Ballou, Prank M., Iowa State College 
Barlow, Robert J., Universfey of Michigan 
Bartley, Edward A., University of Notre Dame 
Bell, Graham A., Jra McGill University 


Berry, Wayne Jt? Missouri School of Mines & Pagergreu, Alvin, University of Utah Lawrle, David E., University of Florida 

Metallurgy ^ Pair, Irvin E., Iowa State College Ledvina, Joseph P., Johns Hopldns University 

Betz. Willie G., Louisiana State University * * Farel, Gordon M., University of Minnesota Lenk, Herman P., Newark College of Engineering 

Beveridge. William B., Newark. OoUege of Eng. Ransford W.. University of Minnesota Leonard, Stephen C., Rensselaer Polytechnic Inst. 

Bigelow, Polghr H., Armour Instltyte of Tech. Walter L., Jr., Armour lAstitute of Tech. Lethco, Joseph W., Oklahoma A. & M. College ** 


Erickson, Bert B., University of Utah KugUn, Charles R., Armour Institute of Tech. 

Escott, Ralph B., Armour Institute of Technology Laird. Orville, TexikS A. & M. College 
Bwald, Earl, University of Minnesota Lange. Fred E., University of Nebraska 

Bv 5^, Albert. University of Minnesota Lawrence, George P., University of Detroit 


Metallurgy 

Betz, Willie G., Louisiana State University 


Pair, Irvin E., Iowa State OoUege 
Parel, Gordon M., University of Minnesota 


Blahna, Charles, Armour Institute of Technology ^^* 26 ®rald, Bdmimd, University of Detroit 
Blomqulst, Sigurd, University of Utah Erench, Bdwin O.. University of Minnesota, 

Boggess, Bill, Kansas State Agricultural College Charles O., Oldahoma A. & M. College 

Bogowlcz, Chester S.. Armour Institute of Tech. William H., Rensselaer Poly. Inst. 

Bonilla, Charles P., Columbia University Funk, Howard N., Engg. School of Milwaukee 

Bossier, Edward C.. Montana State OoUeue James W. Jr., University of Utah 


Bossier, Edward C., Montana State CoUege James W. Jr., University of Utah 

Braga, Felix J., University of Minnesota Ganzer, Edward A. W.. Armour Institute ol 

Branson, Harry, Jr., University of Pennsylvania Donald M.. Montana SPbate College 

Brant. T. J.. University of Toronto George, William D., Georgia School of Tech 

Braunwarth, William W.. University of Penn. Ctordonp., University of Nebraska 

Breneman, Alfred M., Kansas State A^. OoUege Carl K., University of Arizona 


Lethert, Carl W., U^versity of Minnesuita 
Light, John O., Georgia School of Technology 
Linn, George J., University of Arizona 
Lodrwood, Robert R., Carnegie Institute of Te<h. 
Loney, Francis M., University of Notre*Dame 
Loomis, Francis E., Lehigh University * 


Ganzer, Edward A. W.. Armour Institute of Tech. Loufek, Leonard H.. Iowa State OoUege * 
Gary, Ronald M., Montana SPbate College Lovejoy, Ervie E., University of South Dakota 

George, William D., Georgia School of Technology Lowens. Milton, Cornell Unlvemity * 
Gibson, Gordon p., University of Nebraska Lynch, Carroll P.. OomeU University 


Brleger, Earl W.. University of Notre Dame 
Briggs, Maynard R., University of Minnesota 
Brown, Homer, University of Minnesota 


GUlis, Norman S., Rensselaer Polytechnic Inst. 

Goar, Boy, University of Arizona 

G(%giii, Patrick J. Jr., University of Notre Dame 


Browne, Townsend D.f Rensselaer Polytechnic Yale, Iowa State CoUege 


Lynde, Carleton J., Jr., (icGUl University 
MacDuff, Leo, Engineering School of Milwaukee 
MacKay, Harry A., Pui’due University • 

Macris, C. A., University of Arizona 
Malar, Paul P., Drexel Institute 


Good, Carl T., Engineering School of Milwaukee Mangum, Otto K., University of Arizona 


Institute wooa, <Jari t., Engmeering School of Milwau! 


Ohatfleld,OurdoaF.. RensseiaerPoIytedmlcIiist. Ynlvorrity 

OhristUen. John. Univendty of N^ame 2^' 


Grabert, Harmond T„ University of Minnesota Manning, Thomas E., University of Pennsylvania 

Green. Arthur T.. University of Minnesota Manzo, Ricardo, University of Arizona 

Grelmann, Maurice, Iowa State OoUege Marston, George, Oklahoma A. & M. OoUege 

Grimm, Richard J., University of Notre Dame Matheson, Donald R., Armour Institute of Tech. 
Grohosld. Alexander F., Mississippi A. &; M. Matthlesen. Paul, Oklahoma A. & M. OoUege 


oime. Oharl D.. Ma^hnaetts Institute of Tech. 

Olancy. Thomh8,.Northeastem University E 

Clark. WlUlamli’, University of Pennsylvania A. & ha 

Coats, ArUe, Kansas State Agricultural CoUege • 

°“ss;u2™ 

• ^ * HIU, John O., CorneU University 

Cooney, WiUia^pa F., Clarkson OoUege of Tech. Hlmebrook. Prank S., Ohio State University 
Oordua, Carl D., College of the City of New York HobUtzeU, Austin B., University of Washington 
Cover, Earl J., Kansas State Agricultural College Hoffmann. Walter G., Cornell University 
Cox, Ray D.. University of Florida Horn. Toi-y. University of Washlnaton 


Mayers, Harry R., University of Maine 
McArthur, Sidney E., Montana State CoUege 
McBridge, John A., University of Arizona 
r McCarthy, William O. Jr., Univ. of Notre Dame 

of Tech. Mclnemey* Richard, Armour Institute of Tech. * 


McKinley, C. Stanley, University of Arizona 
McLees, Elden, Engineering School of MUwauk^ 
Meacham, Lamed A.. University of Washington 
Meek, John S., Armour Institute of Technology 


Crawford, James M., McGlU University 
Oredle, Alexander B., Cornell University 
OrWeU, WiUiam L., Kansas State Agr. CoUege 
Crockett, Alton E., University of Maine 
Orouter, LesUe E., Montana State CoUege 
Oui’d, John P. JP., University of LouisviUe 
Curry, Arnet A., Purdue University 
Cnrtis, William G., Oklahoma A. & M. CoUege 
Dale, Edwin E., University of Washington • 


Hendrickson. Martin L„ Oklahoma A, & M. Metcalf, Alden S., University of Nebraska « 
CoUege Meyer, Oletus E.,* Alabjuna Polytechnic Institute 

Henrikson, Prank W.. Brooklyn Polytechnic Inst. MieUce, Warren C., University of Minnesota * 
Henschke, WUUam, Cooper Union MiUlff, Eugene A., Unlveraity of Notre Dame 

Herklotz, Ernest A., Rensselaer Polytechnic Inst. MoUnaro, Anthony D., Drexel Institute 
Herndon, Paul H. Jr., George Washington Univ. Moodle, Ernest W., University of Toronto 
Hershey. Vaughn P., Iowa State College Morris, Laurence V„ ComeU University * 

Hlckenlooper, MUler M.. Iowa State OoUege Mortensen, Robert B., Jr.. Armour Inst, of Tech. 

Hicks, Warren W., University of Wyoming Murray, Patrick P.. University of Notre Dame 

Hlghfleld, Pranlc A., University of Detroit Nance, Henry O., Jr., Engineering School of 

HUl, John O., CorneU University * MUwaukee • 

Hlmebrook, Prank S., Ohio State University Navarra, Salvador P., Engineering S(Uiool of 
HobUtzeU, Austin B., University of Washington MUwaukee , 

Hoffmann, Walter G., Cornell University Neal, Early P.. Oldahoma A. & M. OoUege 

Horn, ToiTri University of Washington Nebel, Joseph A„ Armour Institute of Technology 


Hombergor, Frederic W.. University of lUlnols Nelhouse, Anshal I., Virginia Polytechnic Inst. 
Hrubec, Theodore T„ University of Notre Dame Neiman, Borden D,, Kansas State Agri. OoUege 
Huang, Hui, Purdue University Nelson, John M., University of Washington 

Hubbell, M. Fred. University of Missouri Nelson, Lawrence A., Purdue University 

Hughes, William D. Jr., Mississippi A. Ss M. CoU. Nelson, Roy A., Oklahoma A. Sc M. CoUege 
Humbei»d, Ralph S.. University of Nebraska Nickerson, Ralph W., jf., BuckneU University 
Hunt, Donald N., Rensselaer Polytechnic Inst. NUes, Charles H„ Cooper Union 

Hylton. Clarence W.. Virginia Polytechnic Inst. Novak, Anton L., University of Kansas 

Inslerman, Hans E., Cooper Union • Novarino, Victor, Cooper Union 

Jackson, Edward S. Jr., University of Michigan Nygaord, Herman, University of Minnesota 
Janlszew8Lkl, Stephen, Armour Institute of Tech. O’Brien, Russel T., University of Notre Dame 


Damaskin, Nicholas J„ University of Pittsburgh Jackson, Edward S. Jr., University of Michigan 


Danziger, Samuel, Columbia University 
Datsbkovsky, Eleazar, liewis Institute 
Davis, George P., University of Nebraska 
Davis, Harry V., University of British Columbia 
DeBaene, E. C., University of Notre Dame 
Define, Prank P., Northeastern University 
Denny, Fred P., University of Arizona 
Diedrich. Erwin H., University of Minnesota 


Hunt, Donald N., Rensselaer Polsrtechnic Inst. 
Hylton, Clarence W., Virginia Polytechnic Inst. 
Inslerman. Hans E., Cooper Union 


Jay, James, Armour Institute of Technology 
Jay, Stanley P., Ohio State University 
.ierahian, Puzant H., Drexel Institute 


Oewel, John A. G., Virginia Polytechnic Institute 
Oliver, Ruble A., Mississippi A. & M. OoUege 
Onderdonk, J. R., Jr., OomeU University 


Johnson, Carl H., Ai;piour InsUtute of Technology Osbome, Erllh R., OomeU University 


Johnson, Floyd M., University of Minnesota 
Johnson, James O., Rensselaer Polytechnic Inst, 
Johnson, Lambert L., Purdue University 


Dollenmaier, Jack M., Armour Institute of Tech. Johnson, William P., Virginia Polytechnic Inst. 


Douglas, Norvel, KausSli University 


Jones, James W., P^pnsylva^ia State CoUege 


Osterheld, William, Jr., Newark College of Engg. 
Ostlund, Albion I., University of Washington 
Ott, George W., Engineering School of Milwaukee 
Owens, Remus R., University of Minnesota 
Pakkala, MaU H., Montana State CoUege 
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JfiuriiiU A. I. 10. K. 


Tbffxuits P.. Coojh-t Union 
. John (»., Armour Institute of Tech. 
!*ar-o)is». UijarJos O.. lown State College 
PauLU;, Traul; J., University of AIinnesoJ;a 
J'eim. Lvatii, \'irgini;i Polytechnic Institute 
PerJelM.-7‘«, Claude X„ Montana State College 
Pt 'r Fcndell lU, Armour Institute of Tech. 
J*etrauskiLs. Alex. A., University of Notre Dame 
f^fautscii, Louis A., University *Df Illinois 
PoK(*r. William, Washington Uni\’ersity 
IVivUt.-^?. Freilex'jeJc T., Cooper Cni&i 
Pynt'. Arnold X., University of Toronto 
lialiuck. Glenn JJ.. Iowa State College 
Huy. Clyde X., University of Alissouri 
ICccorU. LeRoy E., University of Kansas 
Kiciiaril, Swim T., Oklahoma A. & M. College 
rtimmer. Allan A., Mississippi A. & M. College 
Hoard, Richard A., Purdue University 
Robinson, Eibcin W., University of Texas 
Rollins. Milo F., Univemity of Minnesota 
Felice, Cooper Union 

iiudljcrg. Earle CL, Montana State College 
Rudder, A. L, .S., University of Toronto 
Kudt'lius. Carlton E., Armou» Institute of Tech. 
Ruden, Daniel C., University of Nebraska 
Ruzicka, Frank, State College of Washington 
Ryon, Alton. Kansas State Agricultural College 
SanlK'irn. Frank E., Armour Institute of Tech. 
Saudereon, Burdette E., Iowa State College 
Sansone, Renato, CoUege of the City of New York 
Schmidt, Clarence R., University of Notre Dame 
Scholes, Hubert M.. University of South Dakota 
schueneinanu, Arthur A.,piuo State University 


Schutty. OharleC J., University of Notre Dam 
Scott, J. 'Wohlert. Oklahoma A. & M. College 
Selby, Robert L., North Carolina State College 
Serson, Robert J., Armour Institute of Techr 
Shehane, Barney, University of Arizona 
Shipley, Lester E., Bngi. School of Milwaukee 
Sbortley, George H. Jr., University of Minnesota 
Shumway, RoUand M., Cornell Unlversl^v 
Siegel, Julius. Cornell University 
Sllbersteln, Richard. Columbia University 
Simonson, Lloyd DeF., Purdue University 
Simonson, Raymond C., Rensselaer Poly. Inst. 
Slemmer, Wilbur E., Oklahoma A. & M. College 
Smith, Dean H., University of Illinois 
Soliday, Harold, University of Arizona 
Sommermeyer, Karl H., University of Minnesota 
Sosa, Ricardo, Lehigh University 
Southwlck, Russel, Armour Institute of Tech. 
Sozansky, John, McGill University 
Stanton, Russell S., University of Kansas 
Starr, Mansfield S., University of Kansas 
Stein, Bernard J.j Armour Institute of Technology 
Stier, Herbert E., Armour Institute of Technology 
$Mlwell, William B., Jr., University of Cincinnati 
Stocking, Rulon H., University of Utah 
Strong, Oharl^ H., Armour Institute of Tech. 
Swift, Mamdce B., University of Illinois 
Tayama. Frpd M., Armour Institute of Tech. 
Taylor, John L., Arnioim Institute of Technology 
Taylor, John P., Harvard University 
Tennyson, Marvin a., Armour Institute of Tecli. 
ThomM, Philip H., University of Vermont 
Titter, Brevard K., Rensselaer Polytechnic Inst* 


TromaJn, Kenneth H., McGill Lnivtu*.sRy 
Tremaine. William E., Univor.sity «>r Ari/imu 
Turner, Basil S., Pnrtluo Univorslly 
Turner, Joseph, Armour Instituto i»f 
Varela, Arthur A., Johns Hoi>l<ln.s Uni\4‘r.'4lty 
Voelkor, Walter D., Cornell l'iiivoi*.sh..\ 

Wahlstraud, Harold A., Arinonr lii.sllliitt* nr'rf<*h, 
Walsh, Richard S., Univoi*sIl.y Notro Oaior 
Walton, George W., Univei*sfty of .Vrizoiui 
Wan'ington, J. L„ Uuivoifilty of M iniu‘.st»la 
Warrington, William G., University of Mii»U'siit4i 
Wear, Hugh D., Univor.sit.v*or Illinois 
Webster, William M.. Ohio Stale Uiiivers.^v 
Welikaiiov, Alex G., University of WasliiugCoii 
Westfall, Honry, XTnlv.'*r.slty of Kansas 
White, Donald O., lotva Htato f’ollt^gn 
Wider, Martin F., Univoi’sity c»f Nttlro Dame 
Wilcox, Clarence S., Unlvoi’sliy.of .Ariz.oita 
Wilder, Arthur F., Rensselaer PolyiJielinio Inst. 
Williams, W. Ralph, Cooper nui«in 
WUliauLson, Frederick E., Arnioiir hisc. of'reeh 
Wilson, Emmett. Oklahoma A. iSc .M. College 
Wimborley, J-ouis P., Unlvonslty of'Pexas 
Woliler, Richard O., Konsseluor ]»<ilyie«*lifiir Inst. 
Wolcott, Prank M., Unlvomity of Nehraska 
Wong, Georgu, College of the City of Non VorU 
Woods, Donald E., Univor,sh.y of Nobraska 
Yenzer, Hurscln)! W„ Uiilverslty of Katisas 
Young, Milton E., Oonioll Univm'Hlty 
Youngkon, Henry O., Lehigh Univiw.sity 
Zimmerman, O. H., University of Kaii.sas 
Zimmoi’mann, Frank O., Armour Inst, of 'I’eeh. 
Total 349 r 
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OFFICTERS A. I. E. E. 1928-1929 


C, C. Chesnby ' Bancroft Gheraroi 

_ , Vice^Presidefts 

* 0. J. Ferguson E. B. Mbrriam 

E. R. NoRTftMORE * H. A. Kidder® 
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East Pittsburgh. 

Twisted Service Cable. —^Bulletin, 36 pp. Describes twisted 
service cable for house service and street lamp connections. It 
conta^ a specif section on specifications with a detailed table 
of weights and sizes. Instructions for the proper installation of 
cable ftom the poles to the house are illustrated and described. 
This booklet was edited by W. K. Vanderpoel, vice-president and 
executive engineer of the Okonite Company, and a recognfised 
^thority on outside jffant construction. The Okonite Company,. 


....................... 

r NOTES OF THE INDUSTRY,. 

The Wadner Electric Corporation. St. Louis, has added 
K. G. Baker to its Cincinnati sales force. Mr. Baker was pre¬ 
viously connected with the Century Electric Company and with 
the Pulton Iron W^orks.n 
The Ohio Brass Company, Mansfield, Ohio, has opened a 
new office at 2143 Railway Exchange Building, 611 Olive Street, 
St. Louis. This>offioe wiU be the headquarters of HI W. Kilkenny 
district sales manager for the company in the St> Louis territory. 

Rochester Electric Products Corporation, 87 Allen Street, 
Rochester, N. Y., manufactoers of the Diverter Pole Generator, 
described in apaper which was recently published in the Journal, 
has appointed the H. M. Thomas Company, with offices at. 689 
Howard Street, San Prancfeco, and 912 East 3rd Street, Los 
Angeles, as Califorma sales representative. 

General Electric Annual Report for 1928.—^Earnings of the 
Gener^ Electric Company for 1928 amounted to $54,153,806, 
according to the aimual report of the company. Orders received 
during the year 1928 were $348,848,512, compared with 
$309,784,^3 in 1927, an increase of . 13 per cent, and unfilled 
orders^ at the end of the year >7ere $72,963,000, compared with 
$68,916,000 at the close of 1927, an increase of six per cent. 

The Roller-Smith Company, 12 Park Place, New York, 
has made the following additions to its sales organization: 
Jackson Brown, Jr., 701 Kittridge Building*, Denver, is represen¬ 
tative in Colorado, Utah, Wyoming and northern New Mexiqo: 
The Manila Machinery & Supply Company, Inc., Manila, P. I., 
is representative in the Philippine Islands. Both of these new 
representatives will handle the Roller-Smith Company’s line of 
electrical measuring instruments, relays jind cirouii breakers. 

The Synthane Corporation has completed the erection 
of its plant at Oaks, near Philadelphia, and is. now in 
production of laminated Bakelite products in sheets, rods, 
tubes and fabricated parts. The plant, built solely for the 
production of laminated Bakelite materials, is of the most 
modem construction and located on the Pennsylvania Railroad 
System. The Synthane Corporation is represented by H. G. 
Blauvelt, Tribune Buflding, New York; j. B. Rittenhouse, 
32-40 South Clinton Street, Chicago, and C. E. White & Com¬ 
pany, Bulkley Building, Cleveland. 

Westinjihouse Electric’s Best Year.—The business of the 
Westinghouse Electric & Manufacturing Company during the 
year 1928 was the best of any twelve months in "its history, 
according to the company’s report recently made public. Sales 
billed for the year were $189,050,302, and the net income was 
$20,814,940, which figures exceed previous record^ by $3,'500,000 
and $2,700,000 respectively. The value of unfilled orders on 
December 31, 1928, was approximately $47,000,000. During the 
latter nine months of the year, the value of orders received 
exceeded by almost $20,000,000 that of the same period during 
1927, due togely to the increased demand for radio products 
and industrial motor apparatus. 

BuradyEniineeriniC:o..Iiic..lOEast43rdAt..N wYork, 
m^ufaoturers of o-iuipment for the high tensdon bus, &aa ap¬ 
pointed the folloTving Representatives for thw respective terri¬ 
tories: Boston, J. J. Costello, 201 Devonshire St.; New York, 

J. Leo Scanlon, 50 Church St.; Buffalo, J. Leo Scanlon,''487 
EUicott Square; Philadelphia, The Bradley Co., 2401 Chestnut 
St.; Pittsbui^h, Henry N. MuUer Co., First Natibnal Bank 
Bldg; A^ta, BT. Douglas Stier, iol Marietta St.; Qeveland, 
Tl. D. Fishel Co., 942 Engineers Bldg.; St. Louis, J. P. T.tLTin 
471 Paul Brown Bldg.; Dallas, Elgin B. Robertson, 711 South¬ 
western life Bldg.; Denver, Joy & Cox, Inc., 314 Tramway 
Bldg.; San Pranoisoo, H. M. Thomas Co., 163 Second St • 
Seattle. Fred 'W. Carlson, 424 Dexter Horton Bldg.; Los Angelos’ 
Ji. W. Thompson Co., 912 East 3rd St.; Chicago, Frank P. 
Withers, 2057 Jarvis Ave. 

•• • . . 
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To the Members of our*Student Branches:* 

• TN a few weeksa large number of you will bid farewell to your Halls of Learning and^ will 
I begin your active engineering careers. You have spent ^any years preparing . 

■ to be fit and useful citizens. Appreciating that a successful life is one of service you 

chosen engineering as the channel through which to serve. • tmm 

What will be the quality of your service and what satisfaction are you going t g 
it? It is a trite saying and true that onergets out oi life pretty much what one puts mto it. 

Your education has aimed to prepare you to add to the richness of life, 
your fellows. I^you have become technicians only you are m danger of contmuing a g 
Lrrow lines with a limited outlook. If, on the other hand you have broadoted 
point and your contacts withthe humanities without sacrificing the a^uirement oj 
Lary^ecLcal foundation, if you have familiarized yourselves with the ideals that ^ 
inspired mankind through the ages, if you have developed an aPPye^mtion of be^utiM 
and take an interest in history and art as well as in engineering ecotiomic^^en you are 
incfeed well started on the road leading to a bal^ced and well rounded ‘ 

by bread alone, and ajife wrapt up in materialism misses the rich enjoyment that comes ^ 

^rom the*finer. the cultural and the spiritual contacts. • 

In selecting the field for your activity after graduation cho^e that which rn^t appals 
to your enthusiasm. There is nothing more sustaining to health and happm^s than entlw- 
siasm in work Study the purpose of your work and learn its particular relation to the rest 
of the business that you are in, but remember also the importance of knowing how to spend 
your time when off the job, for your growth still continues after graduation. ^ 

You wUl find your professional interest broadened and increased if you take ap active 
part in an Institute Section. The Institute is organized to help m your 
must take the initiative. Don’t wait for the membership or the attendance committee to 

You are now a citizen, one with a special obligation to your fellows due to your educa¬ 
tion and training. You can pay that obligation only by taking an active interest in the 
affairs of yout community and of your country, and particularly in th<^e ^ 

engineering training gives you a clearer understanding than the general public would natu- 
« raUy have Here your ability as a convincing speaker, acquired with your studies, will have 

olav and will help you win standing with your fellows. j 

^You are a inember of no mean profession. By being a worthy member, broad minded 
tolerant and true and using your talents as is e4>ected of an engineer-citizen you will reflect 
credit on yourself and on your profession and you will have that deep satisfaction which 
Jpmes from the knowledge that you are helping to move civilization onward and upward. 



« President. 

» Thu month’s mes^e is in response to a recommendation made recently by the Student Activities Committee, 
of the Fourth District. 
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Some Leaders 

' of the A. I. E. E. , 

r 

^ Bernard Arthur Behrend was bom in Villeneuve, 
Switzerland, May 9,1875. He was educated by tutor 
and studied at the Pelyteehnie Institute and the Uni- 
v^ity of Berlin. In 1895 he was assistant to the late 
Gisberf Kapp and In 1896 he became Assistant Chief 
Engineer‘to the Oerlikbn Company in Switzerland. 
Thence he came to the United States in 1898, subse¬ 
quently becoming non-resident lecturer at the Uni¬ 
versity of Wisconsin. In 1899 he became connected 
^ with the Bullock Electric Mfg. Co. of Cincinnati, Ohio, 
as Chief Engineer of its alternating-current work and 
late:, as Chief Engineer of all its plants in the United 
Spates and Canada.. In 1904 the Pullock Company 
became allied with the Allis-Chalmers Company and 
Mr. Behrend became Chief Engineer of the electrical 
-departments of this country, establishing the depart¬ 
ment in Milwaukee for the manufacture of large umts. 
At the end of 1908 the receivers of the Westinghouse 
Company engagecLMr. Behrend and members of his staff 
to take charge of the power en^neoing department at 
Bast Pittsburgh. Remaining connected with these 
interests for eighteen years, he devoted himself to 
general consulting work in Boston. 

In 1896 Mr. Behrend published his first paper on 
the circle diagram of the induction motor, which has 
since been generally adopted in the form in which he 
first gave** it thirty-three years ago. It formed the 
; subject of his Wisconsin lectures in 1899 which were 
■published later in book form undOT the title “The 
Induction Motor,”—^a short treatise on its theory and 
design. Translations of this book appeared in French, 
German, and, in sections, in Japanese. 

^ In 1897 he developed the theory of the regulation of 
alternators under inductive loads and urged its adoption 
for purposes of standardization. This is now generally 
adopted as first proposed by him, though sometimes 
known under the name of the “Potier” method; a 
paper before the Institute described the method, with 
recommendations for standardization. Among. other 
contributions are his Institute pap^ on the niftftha.TiicH l 
forc^ “in dynamos caused by magnetic attraction, 
elementary theory of surges on long lines, the testing 
of alternaters by splitting the field circuit, the proposal, 
in 1907, to wind electric generators for 22,000 volts of 
more, and the demonstration of the feasibility of this 
voltage on 100-kw*. generators, bn 1902 Mr. Behrend 
introduced, the radial-slot cylindrical turbo rotor type 
with chrome nickel end rings which'is now generally 
u^ed by all manufacturers of turbo generators. The 
Bullock Company, jointly with Hoovens, Owen & 
Rentschler, e^bited a 1000-kw. unit of this type at the 
World's Pajr in St. Louis, In 1904. The unit received 
a grand prize and Mr. Behrend a gold medal. The latg- 
est power unit of the exposition, a 3500-kw. generator 
dnybUTbyi. ^; Allis Ghalih'^ eng^ne^ was also designed 


I ■ ■ . 

by Mr. Behrend and it secured for itself the name of the 
“Old Reliable,” as it was always functioning when other 
units were out of commission. 

Between 1900 and 1508 Mr. Behrend designed the 
electric derating units for the Kem -River Power 
Company, the Pacific Electric Company, the Denver 
Gas & Electric Company, a large group of units for 
Niagara Falls, the receiving plant of frequency cbanging 
units at Montreal, linking the ^Shawinigan Water & 
Power Company with the power plants at Montreal, 
the steam tiCrbine units of the Brooklyn Edison Com¬ 
pany and Brooklyn Rapid Transit Company, at that 
time the largest ^d'fastest of their type. The large 
gas engine driven units of the Carnegie Steel Company, 
of the Illinois Steel Comnahy, and of the Indiana Stee 
Company at Gary, Inmana, were designed by him, 
representing of the pioneer installations of the world. 
All necessary calculations for the conditions of paralld 
operation were carried out by Mr. Behrend, leading to 
the adoption of very light fls^heels of about one-half 
the. moment of inertia ^demanded by the engine 
builders. 

In 1909 Mr. Behrend introduced the radial slot rotor 
into the Westinghouse Company and he developed the 
plate rotor construction now adopted by the Westing¬ 
house Company for its largest sizes of turbo rotors. It« 
was a revolutionary t3pe devisedxfor the purpose of 
overcoming the d^ects of large forgings and castings. 

Devoted to en^eering education in 1991 he started 
the first engineering training classes at Cincinnati, 
undm* Mr. A. G. Wessling. Among his well-known 
associates have been A. B. Field, who did his work on 
•eddy currents in large slot-woimd conductors in Mr. 
Behrend's office; C. J. Fechheimer, now research engi¬ 
neer for the Westinghouse Company; Messrs R. B. 
Williamson, Bradley T. McCormick, C. W. Johnson, 
Alexandm* Miller Gray were all trained in his office; 
Mr. F. D. Newbury was his assistant in Pittsburgh. 

Mr. Behrend has taken ou^. over eighty patents-, 
mostly assigned to the Allis-Chalmers and Westing¬ 
house Companies. He served on many committees, 
among them the Standards Committee,^ the V. S. 
National Committee, of the International Electrotechni¬ 
cal Commission, the libraiy Board, the Edison Medal 
Committee, and others. He was Chairman of the 
Committee on Professional Conduct, and the Electrical 
Machinery Committee. He was the first Chairman of 
the first Institute Section at Cincinnati, and he served 
five years as a Manager and Vice-President of the 
Institute. ^ 

In 1912 he received the John Scott Medal for im¬ 
provements on high-speed electric generators. He is a 
member of the A- S. M. E., the A. S. C. E., and the 
%anklin Institu'te; a Fellow of the American Physical 
Society, the American Association for the Advancement 
of Science, the American Academy of Arts and Sciences, 
ajjfd of the A. 1. E. E. r 



* • ^ Abridgment of- 

Operating. Experience with the Lqw-Voltage. 

.A-G. Network in Cincinnati " 

• ■ fit F. E. PINCKARDi 

Associate, A, I. E. E. 


Synopsis^—This paper describes hriejf^ the operating experience 
arising from the installation of a four^wire 120/208'^oli network 
with combined light and fower mains. The most interesting prob¬ 
lems of operation are outlined with their suhs^uent solutions. 


Fifteen months* network operation indicates that with cqre in layout 
and selection of equipment, important operating problems loould be 
negligible. 


Introduction 

W HEN the a-c. network system was inaugurated 
in Cincinnati, very few published data were 
available concerning actual network operating 
experience. Naturally, nijmerous problems arose con¬ 
cerned with the design and operation of equipment and 
the application of the network system to various types 
of customers' equipment. The problems have been 
treated with varying degree* of success, and this jiaper 
will attempt to present the most interesting of them. 

The a-c. network here was designed* to ultimately 
replace the existiifg three-wire d-c. Edison network in 
the one sq. mi. of congested business district having a 
peak demand^of §4,000 kw. The ultimate layout 
provides for eight 13,200-volt feeders of 40,000-kv-a. 
total capacity with ^transformer yaults at each inter¬ 
section and between intersections, as the load warrants. 
Ten per*cent impedanpe transformer banks of 300- and 
450-kv-^a. capacity with 400,000 cir. mil secondary 
combined light and power mains connected four-wire, 
208 volts, star, were made standard, A line diagram 
of the system is shown in Fig. 1. 

Network Equipment Problems 
With the slight amount of load served by the first 
network installations, it was natural that the first 
{)roblems.to be encountered were concerned with the 
network equipment; and particularly with the automatic 
netwQirk circuit breakers*. It should be mentioned here 
that a number of the problems encountered were the 
results of the extremely small load on the network at 
the start, and are of importance not so much from the 
stpdpoint of service as from the experience gained in 
the operation of the equipment under this condition. 

The first problem arose in one new building where 
unit multi-voltage type elevators \^re installed, and 
where the initial lighting load was |mall. It was found 
th^t network breakers would open due to power 
reversals. Investigation revealed that elevators using 

1. Eiectrie Distribution Dept., The Union Gas and Electric 
Co., Cincinnati, Ohio. • 

Presented at the Regional Meeting of the Middle Eastern Dislrfbt 
of the A.LE. E., Cincinnati, Ohio, March 20-22, 1929. Complete 
copies upon request. 
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regenerative breaking may feed energy back into the 
netwdrk to the extent of one-third or more of their 
normal demand. • This feedback was sufficient to trip 
the network breakers which were set for a reversal of 
approximately five amperes, which is less thj^-n the 
energizing current of the transformer. To correct-thiS' 
condition, heavier magnets were installed on the relays 
with some success, and later, the current required for 
tripping was increased to a>value just below the magnet¬ 
izing current of the transformer, thus eliminating 
most of the trouble occurring during the light-load 
periods. The gradual increase in the light load served 
to absorb these reversals. 

After solution of the above problem, breaker pumping 


sue-STATION 


O n. SH VOLTAC S Fg gDEr ___ 

-- 

►-NETVIlORIi TnANSFOm.«6R 




SECOWPARV MAiNS 




GROUNOIN6 SWITCH - 


/^•^NeTWORK BREAKERS- 

- ■ ll- 


HIGH VOLTAGE EEBOER 


€J 


BUB-STATION 


YiQ, 1—^Single Line Diagram Showing Schematic 
Arrangement op Low-Voltage Network 

was still noted. Investigation revealed that this pump¬ 
ing was due to a slight phase-angle difference between 
the two primary feeders, which originated at different 
substations. The single-phase breaker relay was de¬ 
signed to prevent this, but on checking this relay, it was • 
found that the potential elements were reversed. 
Correction of connections eliminated pumping, but 
due to light loads, a number of the breakers on one 
feeder now remained open a considerable part of the 
time. 

. When loads o^^even moderate size were thrown on 
and off near one of these breakers, severe voltage varia¬ 
tions due to the breaker opening and closing occurred. 
Under these conditions, satisfactory service was im¬ 
possible; so one feeder was extended to a generating 
station, thereby reducing the phase-angle difference 
from two deg. to zero thus eliminating the trouble. 
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The.Iarge number of breaker operations caused by the 
, power reversals, phase-angle difference and lo§d varia¬ 
tions directed attention to the mechanical features of 
the breakers themselves. Failures of breaker trips and 
closing solenoids were frequent, and complete inspec¬ 
tion as often as twice weekly was necessary to insure 
satisfactory operation. These failures brought breaker 
design and construction under serious consideration, 
particularly with respect to life and accessibility for 
repair. 

The failures could be divided into two classes,— 
^failxire to trip due to faulty trip mechanism or poor 


.( 


TO NETWORK 



Fig. 4—Simplified Diagram of Solenoid-Operated 
Network; Breaker 

adjustment, and the burning out of closing coils on 
sqjenoid-operated breakers due principally to the 
tendency of the auxiliary contactor to weld closed, 
leaving the closing coil energized after the breaker 
had closed. 

* The failure to trip was solved by replacing the old 
trip mechanism with a new ts^pe developed by the 
manufacturers. The protection of the closing coils was 
obtained by the use of a link type thermal cut-out 
arrange/i so as to protect both the main and aiixiliary 
solenoids as shown in Fig. 4. 

Since it was deemed undersirable to jeopardize the 
tripping function in any way, the idea of fuse protection 
in the trip circuit was abandoned. The inaccessibility 
of the submersibla breaker for repair or maintenance 
resulted in the division of the supporting panel into 
three parts, the upper and lower parte supporting the 
breaker terminals, and the middle part supporting the 
operating mechanism. This middle part was designed 
to permit easy removal from the case for repair. 

To check the operation pf the trip mechanism, each 
primary feeder was opened daily during light-lqpd 
periods. This probably served as well to keep the 
mechanism in a flexible condition. 

Improved operation was obtained by requiring mote 


rigid laboratory teste before placing the breakers in 
service. These teste are made to reveal any mechanical 
or electrical defects duetto manufacture or damage in 
shipment, and also to provide inspection and adjust¬ 
ment of . all electrical and mechanical parte, including 
closing and tripping features, contact pressure, and 
three-phase and single-phase relay operations. 

Routine tests are loaintained after the breakers are 
put into service. These teste incli^de checks on the trip¬ 
ping solenoid ^and closing mechanism, air-pressure tests 
to assure tightness of the submersible ca^, and voltage- 
drop teste across breaker contacts to indicate faulty 
contacts or breaker overload. No attempt is made to 
test the relays in service b]^t each relay is returned to 
the laboratory at least every three months for a com¬ 
prehensive test; 

One function of the network which is of primary 
interest is its ability to bum Sear any secondary faults. 
Since the secondary mains installed were all new cable, 
secondary faults were cleared without noticeable effect 
on the system. One of these faults occurred in a 
splice,^a very severe test of the ability to clear, but 
the action was..entirely successful even though the time 
of clearing was prolonged. , 

Only one high-voltage fault occurred,—the failure 
of a transformer bushing. The oil circuit breaker ^ 
opened on current to ground and ^11 breakers cleared 
successfully. The difficulties experienced in locatingthis 
fault are of interest. * •> «. 

The usual method of locating high-voltage cable 
faults has been to break down the insulation resistance 
at the fault, circulate about 80 amperes, d-c., trough 
the conductor and back through the lead sheath; then 
to locate the fault by means of a multi-voltmeter, used 
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Fig.. 6 (a) Usual Method of Location of Eigh-Voltaob 
Cable Faults 

(b) . Method of Location of High-Voltage Net¬ 
work Feeder Faults 

to indicate the direction of flow in the shegth Due, 
however, to the large number of return paths for the 
sheath current, (since the lead sheath is grounded to the 
transformer case and the transformer case is in turn 
grounded to the neutral), an attempt to locate the fault 
by this method proved liosuccessful and conflicting 
and misleading results were obtained. 

second method which is quite satisfactory for 
locating primary faults has since been devised. Direct 
current is circulated through the fault as before, and the 
sheath current is then neutralized in the various man- 
h«les by current supplied from a storage battery. The 
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direction of the fault is shown by the effect of the fault 
current in the conductor on a compass needle. 

Diagrams of these two metliods are shown in Fig. 5. 

• , . .Regulation , 

Regulators were not installed on the primaiy feeders 
until some time after the network was in service. Two 
single-pljase regulators, connected open delta and 
mechanically interconnected, were installed on each 
feeder. A dight difference in secondary phase voltage, 
noticed soon aftej they were in service, was^remedied by 
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Fig. 6—^Voltage Chaiits from REFRiisiuiTATiTi! Network 
Services 

adjustment of the mechanical connection between the 
two regulators of one feeder. Because of the possibility 
of causing pumping, and also becaiise of the various 
types of load connected, no attempt was made to regu¬ 
late to any one point on the secondary, but rather to 
regulate to imaginary ^)oints approximately half-way 
tluuugh the secondary of each transformer, using the 
same compensator setting on each feeder. 

When the regulators were put in service, it was found 
that the kv-a. load of one was at times double that of the 
other, whereas the division had taken place even before 
using the regulators'. No appreciable phase-angle 
difference existed, and changes in compensation failed 
to improve matters. It was finally discovered that one 
set of regulators was not operating p^perly due to an 
impropOT internal connection. A^«r this fault was 
corrected, compensation was determined by trial, and 
to date; the operation has been satisfactory. 

It may be of interest to know that there is no me¬ 
chanical nor electrical connectiomwhatsoever between 
the two sets of regulators, one set operating on a feeder* 
from a generating station, and the oth^ on a feeder 
from a substation fed from this generating station and 
supplying both d-c.'and a-c. loads. , 

Four general* types of load are supplied by the net¬ 


work: manufacturing, hotel, office building, and theater. 
The voltage charts shown «n Fig. 6 are typical chalts 
and indicate that regulation on the above basis gives 
uniform voltage throughout the system despite thd 
various types of load served. 

No network disturbances have, occurred since the 
regulators have been in operation; Bence no data are 
available as to their behavior under such conditions. 

To prevent the starting currents drawn by large 
motors from lowering the lighting circuit voltage 
excessively, reactors were placed in the secondary bus 
as shown in Fig. 7. These reactors, of course, cannot be 
used for regulation purposes with a single transformer. * 
Where a single transformer supplied both light and power, ■ 
disturbance was prevented by reconnection of the motor 
starters. Thib required a longer starting time for the 
motors, but there were no complaints on this account. 

Regulations are contemplated requiring the rise of , 
increment starters on motors connected to the network 
where the motor is large enough to cause lighting flicker. 
The use of this type of starter on a 2Q0-hp. motor con¬ 
nected to compressors produces no noticeable change 
in the lighting voltage. 

Operating Problems on Consumer’s Equipment 
Since 120 volts for lighting has been standard in 
Cincinnati for a number of years, especially since it 
offers more nearly the rated three-phase voltage for 
motors, there was no reason for deviating from this 
for the network. * 

It is recognized that a motor operating with 75 per , 
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Fig. 7—Line Diagram of Double Transformer .Vault 
Installation 

cent or less of rated load will give just as satisfactory 
service when operated on 208 volts as when operated on 
220 volts, and as had been expected, the greater part of 
the motor installations to be changed to the network 
service was found to fall in this class. 

Auto-transformers have been installed for heating 
units rated at 220-240 volts; also in a few cases where 
contracts made with customera prior to the installation 
of the network contained clauses requiring 240 volts, 
three-phase stervice for pov^. It is no longer the 
practise, however, to instil than for new loads. 

Design and Construction Details 
figs. 8 and 9 show the construction details of side¬ 
walk vaults which are t3rpic*al of a majority of the 
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mstaUations here. In the case of the double vault, the 
breaker compartment is located within the building 
wall, while the single vault !s located entirlly within 
the sidewalk. The transformers are of the type ordi¬ 
narily used for low-yoltage networks with grounding 
switch on the high ^d^ having line open, ground, and 



Fig. 


ELEVATION 

8-Standaed Sidewalk Vault for Installation of 
• One Three-Phase Transpobmer 

. closed positions. A holding coil energized by the 
• second^ of the transfomjpr prevents the operation of 
the switch when the transformer is energized. Both 

openandsubmersibletypenetworkbreakeraareused,the 

former when installed in buildings, the latter in sidewalks, 
m all cmSs transfonners are of the subm^sible type. 

Considerable reduction in size and weight of trans- 
formera has been effected by installing the grounding 
,switch m the high-voltage pothead. This also permits 
such work M changing the oil to be done by throwing 
the pounding switch to the open position instead of 
opemng the primaiy feeder as was necessary with the 
Old type transformers. 

The simplicity of installation makes the use of three- 
phase transfonners more desirable than three single¬ 
phase transformers. 

:^eriences indicate that sidewalk vaults are pref- 
wable to those in buildings from the standpoints of 
ins^ation, removal, and operation of equipment. 

he necessity of phasing out from substations is 
eliminated by marking each phase in every splice. This 
saves much time in cutting in new banks and replacinir 
faulty lengths of cable. 

Equipment Characteristics 
^ The shunt-trip type of network breaker was selected 
m preferance to the holding coil type because of the 
possibility that voltage disturbances of a general nature 
might cause undue outages, since the holding coils will 



not stay in below 35 per cent normal voltage. Later 
experience proved the wisdppi of this selection when 
several undesirable outages were prevented by the use 
of the shunt-trip type. 

In selecting the amount of transformer impedance^ 
necessary, it was felt that it should be as high as was pos¬ 
sible commensurate with satisfactory regulation. The 
use of high impedan^je reduces the size of the secondary 
mains^ allowable due to limiting ^the fault current, but 
this difficulty can be overcome by installing more than 
one set of smaller mains. This is i?ksually the most ^ 
economical method of extending the secondary system. 
The 10 per centf impedance transformers as used in 
Cincinnati have proved very satisfactory, bpth from the 
standpoint of regulation abd load distribution between 
transformers. 

Conclusion 

As has been stated, the difficulties encountered were 
not. of major importance and investigation as to their 
causes showed that the remedies to be applied were after 
all comparatively simple^ They did serve, however, 
to bring out 'many of the main features to be considered 
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TRANsrORMER 


ELEVATION 

Fig. 9—Standard Sidewalk Vault for Installation of 
Two Three-Phase Transeormbrs 
0 

m the layout of the system and in the selection 
maintenance of the equiprnent. > 

Here, it h^ been the aim to furnish a-c. service to the 
downtoTira disfrict comparable in reliability with that 
pf the Edison System. Since'there have been no 
interruptions in service other than local ones during the 
fifteen months that the low-voltage network has been 
m operation, it is felt that this has been, accomplished. 
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Electrical Equipment of Bar Plate 

and Hot Strip INIills 


BY J. B. INK* 

Member. A, I. B. B. 


Synopsis, The paper describes the electrical features of a con^ 
tinuous bar plate and hot strip mill recently placed in service at 
Middletown, Ohio, including information regarding the general 
4 layout of the plant, the electrical circuits, rolling m^ls, the various 


motor ! drives, control arrangements, the motor-generator sets for 
supplying d-c. motors, and the safety devices. It also gives test 
data on the power consumption. 


• • 

T he purpose of this paper is to describe the electrical 
feature of the continuous bar plate and hot strip 
« ^ mill recently placed in sefvice by The American 

Rolling Mill Company at Middletown, Ohio. 

The new mill produces ingot iron and various grades 
of steel strip in gages down to 0.093 in., and widths up 
to 48 in. Also plates J^-in. thick and 60-in. wide* in 
75-ft. lengths. These products are rolled from 6-in. 
thick slabs, 39-in. long and of*the width required in the 
finished product. For ease in handling and storing, 
the strip steel is coiled on leaving the lasf stand of the 
hot strip mill. * 

. The mill consists of 11 stands. The firat seven con- 
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Fig, 1—Gbnbraii Arhangbmbnt of 
Strip Mills 


Bar Plate and Hot 


stitute the “bar mill” and normally reduce the sheet 
to^bout 3/8-in. thickness. The last four stands are the 
“hot strip ihill.” Between stands No. 7 and No. 8 is a 
runout table, transfer and^bar piler for taking off sheet 
bar or other hgavy gage product. 

The independent stands No. 1 to No. 4 are e^ch 
driven by a wound secondary induction motor and 
are equipped with fly-wheels. The motor horsepower 
vari&s from one quarter to one half the total rolling 
hp., the balance of the rolling energy being taken from 
the fly-jvheel. • The output of the motor is limited by 
automatic liquid slip regulators nfhich introduce 
resistance in motor secondary as t2le motor primary 
current increases and so permits the fly-wheel to give 
up stored energy. 

1 . Dwight P. Robinaon & Company, ino., Middletowa, Ohio. 

Presented at the Regional Meeting of the Middle Eastern District * 
of the A. I. E. E., Cincinnati, Ohio, March SO-Sii, 1989. Complete 
copies Upon request. 


The characteristics of the first four stands are as 
follows': 


Motor 

Hp.^ 

Speed 

fijmch. 

Ply- 
wheei 
hp. sec. 

Gear 
ratio ^ 

Mill 
rev. per 
min. 

RoU 

dia. 

Inches 

Boll 

ft./min. 

1 

800 

514 

80,000 

35:1 

14.42 

32 

' ■' » 

121 • • 

2 • 

800 

514 

30,000 

35:1 

14,42 

32 

121 

3 

1000 

600 

40,000 

29:1 

20.18 

32 

16i$ 

4 

1200 

720 

40,000 

29:1 

24.3 

32 

203.5 


Motor primary is connected to main bus by Westings 
house t 3 rpe OE6 oil circuit breaker. For plugging 
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2—^Diagram of Electrical Circuits in Rolling Mill 


there is provided a Westinghouse Type B2 breaks* 
which connects the motor to reverse bus. The reverse 
bus is connected to main bus by an OE6 breaker. The 
forward breaker and reverse bus breaker are automatic 
on overload and uader-voltage. Thus one automatic 
breaker gives under-voltage and overload reverse 
protection to the four motors. 

Oil circuit breakers are truck type having all hot parts 
enclosed. Forward and reverse breakeis ^ inter¬ 
locked electrically and mechanically to prevent simul¬ 
taneous closing. 
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The intCT-dependent stands No. 6 to No. 11 inclusive 
. at% driven by 600-volt‘d-c. adjustable speed motors. 
Due to the necessity for close speed regulation and the 
tact that the piece is in the stand a considerable length 
of time fly-wheels Are impractical on these stands. 


• • 



Fig. 3—Control Pulpit, Hot Strip Mill 

ThJa pulpit controls four 3000-hp. adjustable speed d-c. motors and 
approach and run-out tables for this mill. 

The motors, therefore, must provide maximum rolling 
torque. 

Characteristics of stands No. 5 to No. 11 are as 
follows: 

All 4-high 56-in., working rolls 18-in. diameter, back¬ 
ing up rvlls 36-in. diameter, roller bearings. 


• Motor 

. Hp. 

Speed 

Gear ratio 

Mill r. p. m. 

Roll ft./min. 

5 

2000 

300-600 

•S.l:! 

37.1/ 61.70 

174.7-291.0 

• « 

2000 

300-500 

6 .00:1 

60 / 83.3 

236.4-392.0 

7 

2000 . 

300-500 

5.32:1 

66.4/ 94.1 

266.0-443.0 

8 

3000 * 

180-360 

3.02:1. 

69.6/119.2 

280.6-661.0 


3000 

180-360 

2.26:1 

79.7/169.4 

376 -760.0 

10 

3000 

180-36P 

1.87:1 

96.3/192.6 

454 -908.0 

• 11 

3000 

1180-360 

1.72:1 

104.8/209.6 

494 -988.0 


^ The sevffli d-c. 600-volt motors are heavy duty type 
with low pedestal bearings and fabricated structural 
steel bases. The 3000-hp. motors being of very low 
speed requme forc^ air ventilation. Motors are 
equipped with bearmg thermostatic relays, overspeed 
devices, and heaters to prevent sweating during shut¬ 
down. To each shaft is geared a speed-indicating mag¬ 
neto. These motora are constant horsepower, speed 
adjustable by field control. Motors are compounded 
by use of series exciters. The series exciters consist of 
generators driven by 5-hp. induction motor. The gen¬ 
erator field is excited by three quarta- turn of the main 
motor araiature circuit, so that the yoltage generated is 
proportional to the input to the main motor. The 
generator drcrnt ^pplies a series field winding similar 
to the shunt winding on the main motors. Shunt-field 
excitation is at 260 volts. • 

Compounding is adjusted to different motor speeds by 
a rheostat in the series exciter circuit. This rheostat 
being on the same shaft as the main shunt-field rheostat 
is automatically adjusted with main shimt field. • 


The d-c. motors are controlled entirely from the 
op^tor’s pulpit, except-that emergency stop-control 
switches are provided in motor rooms. They are 
started from a 600-volt d-c. bus through series resistance 
and con^actors using current limit accelerating relays. 
D3mamic breaking is used in stopping mills. 



Big. 4—^Inpitt to Mill Motobs 


Motors are protected from Overload," low-voltage, 
field failure, and over speed. Each motor control panel 
is connected to the main bus through discoimects.so that 
panels may be isolated for repair without killing the 
main bus. 

With a few exceptions the mill auxiliaries-are motor 



Pig. 6 — 1000-K^. 600-Volt D-C. 6600 Volt A-C.'motoe 
^ Generators 

These machines supply d-c. power for the d-c, mill motora 

operated, 220-volt squirrel-cage induction tjqie motors 
vrith magnetic cross-line startera being used for all con¬ 
stant speed continuous duty applications, such as fans, 
pumps, and chain tables between mills. These motors 
are in sizes from 2 to 76 hp. They are standard 
sleeve bearing motors with drip'proof covers. The 
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cross-line starters provide low-voltage protection and 
have thermal overload relays. 

For intermittent duty on-loads having high starting 
torque and requiring quick acceleration, 250-volt d-c. 
mill t 3 T)e series or* compound motors are tased. This 
includes all cranes, transfer tables, roller tables, except 
hot strip run-oi^t table; furnace pushers, pinch rolls, 


BAR PLATE AND HOT STRIP MILLS 

% * 
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• Pi3. 7—^Hot Strip Mill Motor Room 

0 

This room also housra the motor-genera^r sets and ma^iT^ control 
switchboard 


and screw-downs. The controls for these motors are 
all of the magnetic definite time hmit acceleration type. 
Excepting for cranes, the control panels are arranged 
in groups in dust-tight brick rooms. 

Power for operating the new mill is purchased from 
the local power company at 66,000 volts. Service is 


• 

over about four miles of double circuit steel tower line 
from the power company’s substation at Trentomto a 
step-doi^ transformer'station at Middletown, built* 
and owned by The American Rolling Mill Company.* 

Automatic oil circuit breakeip are provided in the 
line at the 66,000-volt substation at 'Trenton and at 
the 6600-volt bus at the mill. Normally a 66,000-volts 
line transformer bank and 6600-volt line form an 
independent unit. No switching is done at 66,000 volts 
at the mill. However, disconnects are provided for 
isolating transformers and lightning arresters, and 
provision is made for adding oil switches when required. 

The main bus for distribution of power at 6600 volts** 
is in .two sections. Each section is supplied by one of. 
the transmission imits. Feeders,are sp arranged on the 
bus sections’ that' one section may be taken out of ser¬ 
vice for additions or repairs without a complete shut 
down of the mill. The two bus sections are tied to¬ 
gether by a non-automatic oil circuit breaker. • ’ - 


Specific power consumption equals bp.Hsec. per cu. in. of metal displaced 



Fia. 8—-600 -Volt D-C. Aluminum Bus Structure ^ 

In basement of hot strip mill. The supports are ebonlzed asbestos^in 
welded steel frames 

All 6600-volt circuits are protected by induction type 
overload relays. The two incoming lines are equipped ■ 
with balanced reverse power and overload rela 3 rs. 
These lines are similarly equipped at the power com¬ 
pany’s substation and, in addition, have ground relays. 
By means of this system, either transmissioif line is 
immediately switched off at both ends if it develops any 
trouble other than a single-phase ground on the 66,000- 
Volt line. In the latter case, the circuit is opened auto¬ 
matically at the power company’s substation, and an 
alarm is sounded at the mill to notify the operator to 
open his switch by hand. 

The 600-volt direct current for main mill motors is 
supplied by three 4000-kw., three-unit synchronous 
motor-driven motor-generator sets. The 250-volt 
direct current for auxiliary motor circuits is supplied 
by two 750-kw. motor-generators sets, and 250-volt 
excitation by a 300-kw. motor-generator set. The 
excitation may also be supplied from the 750-kw. motor- 
g^nerator sets. 


• • 


- • 


f 














356 




INK: ELECTRICAL EQUIPMENT OP BAR PLATE AND HOT STRIP MILLS 


JoanUil A. T. E. E. 


Each 4000-kw. 600-volt motor-generator set consists 
^ of two 2000 -kw. 600-volt generators rigidly- coupled 
to a 5800-hp., 85 per cent po^er factor, OdOO^Volt, 60- 
cycle, 14-pole synchronous motor. One of these units 
is shown in Fig. 9. 

The field of each 2p0(i-kw. generator is arranged for 
125-volt excitation.* The fields of the two generators 
are connected in series and excited from a 250-volt 
constant voltage excitation bus. These generators 
have straight differential and crossed cumulative series 
fields, assuring equal division of the load between the 
two generators of the set. The three sets are operated 
'''in parallel by the use of double-pole equalizers between 
<- sets. 

The two 750-Jiw. 350-volt generators are driven by 
<• 1080-hp., 900-rev., per min., 80 per cent power-factor 

^ synchronous motors, and the 300-kw. 250-volt exciter 



Fig. 9—Series Exciter Set and 600-Volt D-c. Aluminum 
Bus Structure 

by 432-hp. 1200 -re 7 . per min. 80 per cent power-factor 
6600-volt synchronous motor. 

The 220-volt., three-phase power for auxiliary motors 
is from two automatic substations located near load 
centers. Each consists of a bank of three 200-kv-a. 
6600/220-volt transformers and two automatic re- 
dosing 1200 -ampere, 220 -volt, three-phase feeder panels! 
A tie connection is run between substations to carry 
part of substation load in the event of transformer 
failure. 

The 260-volt d-c. system is supplied through auto¬ 
matic r^oang feeders from the 250-volt bus in the 
powCT distribution station. This bus is connected by 
tie lines to two other 260-yolt d-c. generating stations 
intheplanti 

Lighting is provided by an overhead system of lights 
suspended from a messenger wire. The messenger wire 
suspension prevents lamp (breakage due to vibration "of 


buildings, and permits arranging units for uniform 
light distribution. 

Illumination values (foot-candles) are as follows: 


Bar plate mill.'. 3 5 

Hot Strip mill.•. 3.5 

Warehouses,. 3 . 

Switchboard and motor rooms . 6 


Provision is madejfor emergency lighting so ihat in 
case of failure of the 60-cycle service a system of emer¬ 
gency lights is automatically thrown on to storage 
battery servies until the station operator can transfer 
the main lighting to a bank of transfornfers connected 
to the plant 25-eyde astern. 

Branch circuits are protected by circuit breakers 
with direct-acting time limit feature. 

Lighting fixtures are"^ individually fused and are 
arranged with a disconnecting device for ease of 
replacement and maintenance. 

Both motor rooms are ventilated with filtered air. 
In the bar mill motor room the air is delivered by a 
57,Q00-cu. ft. per min., IJ^-in. single-phase fan to the 
basement and thence to £he pits under the motois. 
The air is filtered by two 30,000-cu. ft. per min., rated, 
rotary type air filters. The system is so arranged that 
all or part of the air may be recirculated and also may 
be heated by passing through a group of unit type, 
steam heaters. ^ 

The hot strip motor room is ventilated by two 
70,000-cu. ft. per min. 1)^ in. single-phase^ fans which 
take care of the heat losses from motor generators, and 
two 65,000-cu. ft. per min., 3-in. single-phase fans which 
supply the forced air ventilation for the mill -motors 
in this room. The air is cleaned by six 50,000-cu. ft. 
per min. rotary type air filtCTs and may be recirculated 
and heated when necessary. 

The grounding system is complete in all parts of the 
system. 

Insulating mats are provided in front and rear of all 
switchboards. 

A safety switch is installed inthekads of ail motors, 
at the motors, so that when repairs or adjustments are 
made to the machines driven by such motors the switch 
may be opened and so make it impossible lor others to 
start motor. 

The electrical work in this mill was designed and 
constructed by The Dwight P. Robinson & Company, 
Inc., under the direction of The American Rolling Mill 
Company, which is the owners of the patepts invol-ving 
many of the mecl»nical features, as well as the iblling 
process in the abovefdescription. 


More than 70 members of the women's di'vision 
of the Electric Association of Chicago have registered 
for a course in'electncal home making which is now 
being conducted. The course includes lectures and 
demonstrations of the use of all the usual household 
devices operated by electricity, including lighting, 
heating, and motor-operated appliances. 
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Effect of Transient Voltages on Power 

Transformer Design 

BY K. K. PALUEFF* 


Associate, 

Synoj^sis.—Wheifan ordinary transformer is subject to transient 
voltage exdiaiiony local concentration 0 voltage takes place in 
which the capacitance charging current of the coils to ground is sup-- 
plied through ijie winding. This is because the ratio of inductance 
and capacitance ofjihe various parts throughout thm winding is not 
constant. Calcinations and tests of voltage distribution in the wind¬ 
ing, caused by the impact of (a) damped high-Jrequency oscillations, 
and (b) unidirectional traveling waves, are given. In order to make 
the analysis clearer, the transformer winding is considered as a 
network of inductances and capa^tances, and this term *^network^* 

• is used throughout the paper. Certain simplified and typical net¬ 
works are considered. 

Transformers having one terminal grounded, such as are used 
in three-phase star connection, particularly in high-voltage systems, 
are frequently built with the insulation graded to other windings and 
ground, in the order of the normal frequency voltage stress. The 
danger of such a practise is shown in power transformers which are 
subject to transient overvoltage, %ince voltage oscillation irL the 
winding may raise the voltage to ground at intermediate points 
above the terminal voltage, unless the design of the iginding eliminates 
oscillation. ^ 

The theoretical and experimental data given show that the disiri- 


A. I. B. E. 

buiion and magnitude of voUage stresses existing during recognized 
standard insulation tests are essentially different from stresse<i 
created by transient voltages. This permits the construction of 
transformers that would satisfactorily pass standard insulation 
tests but at the same time would not be suitable for average service. 

A new type of a transformer called **non-resonating,*' for use on 
grounded neutral systems, is described. 

In transformers of this type, voltages of all frequencies distribute ** 
uniformly along the windings, as the possibility of internal voUage -* 
resonance is eliminated by a proper balance o^ distributed capaci¬ 
tance and induQtance*of the mnding. 

This is accomplished principally by means of conducting sur¬ 
faces (shields) placed outside of the winding and connected to its 
line terminal. ' * ^ 

The action of the shields is similar to that of the shielding rinff on 
an\nsulator string. It neutralizes the effect of the capacitance cur¬ 
rent from the inside surface of the winding to ground, by supplying to 
every point of the winding a ''charging" cwfreni equal to the "dis¬ 
charging" current of that point to ground. In some cases, the ap¬ 
plication of the shield reduces the local stresses to one-eightieth, * 

Up to the present time, the total capacity of this new type of trans¬ 
former exceeds half a million kv-a. 


I F the problem of designing the transformer insula¬ 
tion were limited to the requirements of normal 
f:^equency dielectric stress, it would be relatively 
simple.*' 

It fs not, however, the normal voltage stresses which,- 
in high-voltage transformers, require the most careful 
consideration to predetermine the amount, kind, and 
arrangement of the insulation, but the transient stresses 
set up by abnormal conditions on the circuit. 

The necessity for extra insulation, above that re¬ 
quired to meet the A. I. E. E. test (or any other recog¬ 
nized standard.rules) is due to two facts: 

1. Transformers, even of high voltages, are subject 
to transient voltages many times the normal circuit 
voltage to ground. Records show from 10 to 15 times 
normal voltage to ground even on 220-kv. systems. 

2 . Most transient voltages are high-frequency oscil¬ 
lations, or are traveling waves lasting a numba* of 
microseconds, and the ordinary transformer does not 
permit these voltages to be uniformly distributed 
throughout the winding. This is because the trans¬ 
former winding is not a pure indtictance, but also 
contains distributed capacitance. * 

To determine the effect qf the above considerations 
on the transforma" design two alternative designs of 

♦Researcli Engineer, Transformer Bhgg. Dept., General Elec¬ 
tric Company, Pittsfield, Mass. • 

Presented at the Winter Convention of the A. I. E. E., New York, 
N. Y., Jan. 28-Feb. Ij 1929. Complete copies upon request. 


20 ,000-kv-a., 220,000-volt transformer were prepared 
Both alternatives were to satisfy identical* operating 
characteristics as efficiency, reactance, potential test, 
etc. 

The first design was made in accordance with the' 
A. I. E. E. Standards, as well as transient voltage 
requirements developed by tiie years of experience and 
incorporated into practise for at least ten years. , 

The second design was made in accordance with 
A. I. E. E. Standards only. 

The comparison revealed that first transformer 
cost 40 per cent more than the second and has 76 
per cent more of active material than the second. 

It is important to note that the second transformer 
would witiistand successfully not only the tests called 
for by A. I. E. E. Standards but also all the tests called 
for by any other recognized standard rules including 
those which specify so called “surge or impulse test.” 
Jhis is because such tests impose on transformers 
transient voltage of an amplitude negligible in com¬ 
parison with those experienced in actual service. 

With the assistance of two previouspapers,*'*andmuch 
additional study ^d experiments, a new type of trans¬ 
former has been developed, for operation with solidly 
grounded neutral, which is believed to be better adapted 
to resist stresses caused by voltage transients than any 
type used heretofore. , 

1. A. I, E. E. Tbans., Vol. XXXVIII, p. 677. ’ 

2. A. I. E. E. Trans., Vol. XLI, p. 149. 
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Equivalent Networks 

Most engineers, who deal .with electrical phenomena 
of conunerdal frequencies onlj' (25 to 60 cycleS), picture 
to themselves inductance as a spiral wire, and capaci¬ 
tance as two parallel, plates, and therefore are not apt 
to recognize toese characteristics when they are dis¬ 
guised • in different geometric forms. Furthermore, 
again due to everyday expaience with low frequencies, 
they are accustomed to think of some apparatus (such 
as transformers and choke coils) as pure inductances, 
and of othCTS as pure capacitances (parallel plates, 
s 3 mchronous condenses), or as resistances. To discard 



1—^Equivalent Circuit op a Simple Conductor 


series or internal winding capacitances C®, are all alike, 
the capacitances C„ from the surface of the winding to 
groimd, (the “shunt" cjqiacftances) in spite of their 
being alike among themselves, make reactances of de- 
meits 0 * 6 , h c, ed differ from one another, thereby 
causing voltage resonance conditions. 

Should capacitances C„ therdore, removed, ortheir 
effect on the winding be neutralized in some manner, 
the reactance of all the elements of network C, (Fig. 3) 
will become one and the same;'and as such a circuit 
is incapable‘*of voltage resonance, vqltage of all fre¬ 
quencies will distribute along it uniformly. 

This conclusion is of fundamental importance. 

Initial VoUage Distribution with Rectangular Traveling 
Wave. It was shown above that a transformer has two 
paralld paths from one faminal to another, one a pure 
inductance and the other a pure capacitance. This 
means that at very hi^ frequency the current will fol¬ 
low the capacitance path, and at low frequency, the 
inductive path. 

A sufficiently steep front of a traveling wave corre- 


these faulty notions is the first step toward the under¬ 
standing of transient phenomena. 

A straight piece of conductor, no matter how small 
and regardless of its material, is not a pure resistor, 
but is equivalait to a complicated ne^ork of ele¬ 
mentary condensers, inductances, and resistances such 
as shown in Fig. 1. 

Ordinary Transformer 

Equivalent Network. At operating frequencies, trans- 
■ formers act as inductance» in series with some resis- 
fances. But, as was shown above, no apparatus or any 
part thereof can be free of capadtance,—^therdore the 
(j^apadtance must be present in the transformer. 

, Taking each separate coil (disk or pancake) as an 
element, a transformer equivalent network becomes as 
shown in Fig. 3. 

• The network shown in this figure lacks negative 
inductance links representing mutual inductance be¬ 
tween various parts of the winding. Whenever calcu¬ 
lated results of a transformer's behavior are given in 
this paper, the effect of mutual inductance is properly 
takKi into account. 

The Cause of VoUage Resonance in a Transformer. 
In case the winding is uniform in its construction, the 
constants of the equivalent circuit will be uniform, and a 
definite relation between the magnitude of succeeding 
voltage resonance frequendes can be expected. 

The fundamental natural frequency of transformCTs 
ranges from about 1000 to 60,000 cyfies, and thdr har¬ 
monics of practical importance reach 750,000 cycles. 

It so happens that the natural frequency of circuits 
connected to the transformer in service range between 
the same limits as do tlTe natural fundamental and 
harmonic frequencies of transformers. 

Referring to network C of Fig. 3 of an ordinary 
winding, we find tiiat wljile inductances L, as welUas 





JL JL .J. JL 




Fig. 3—Tbanbfobmbb Equivalent Nii^rwoBE 

A. Network of a4jac6nt turns 

B. Network of entire winding. 

O. SlmpUfledB. 

spends to a quarter of a cycle of a very high frequency, 
and therefore its current will follow the capacitance path 
alone. This mea^is that during the rise of teTrminal 
voltage from zero to crest of the wave, no current will 
flow along the conductor, and the transformer will act 
though every turn is diseonnected from the adjacent 
one; that is, as a pure condenser. This state is called 
here the initial; or electrostatic. (See Fig. 20). 

The condition of voltage concentration at the line 
end of a string of insulators is well understood. In a 
similar way, in the transformer it is caused by the 
presence of the shunt condensers, because the current 
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of the shunt condenser must flow through the series 
condenser as shown on Mg. 3. Therefore, starting at 
the ground end, each ^cceeding series condenser C„ 
carries more current than the preceding one. As all 
series condensers are alike, it is obvious thaMhe magni¬ 
tude of their voltages will correspond to magnitudes of 
their currents. , 

The concentration of voltage yill he the greater, the 



Fig. 20—^Voltage Stresses Measttred m Transtormbrs 
Under Test 

Transformers tested: (A), core type; (B), core type; (O) ah^ typo. 
Non^Shielded 

Ourves lA,' IB. 10: Initial voltage distiibutlon vdth traveling wave on 
transformers A, B and C respectively (without entrance bushing). (Dots 
Indicate measured voltages on C with entrance bushing). 

Ourves 2A and 2B: Envelope of volteSa;es In transformers A and B pro¬ 
duced by damped oscillations. 

Curve 4A: Envelope of ogcUlations caused by traveling wave on trans¬ 
former A, . 

Shielded (Non-resonating) • 

Oiitves 3A|md 3B represent envelopes of all voltages caused by damped 
oscillations from 3 to 1000 kc. as well as steep front traveling waves on 
transformers A and B. respectively. 

greater the shunt capacitance in comparison with series 
eapadtance. 

b. VoUage Distribution during OseiUoMon. Assume 
for the time that the traveling wave is infinitdy 
lent and therefore its crest acts^n the transformer 
network (Mg. 3) as d-c. voltage? and thus chooses the 
inductance path for its current. The permanent 
or “final” voltage distribution will be i)erfeetly unif orm 
and appear as the straight line L G, (Mg. 20). 

The difference in initial a'hd final states is ap¬ 
parent and will cause a transient state which tdll 
consist, of a number of sinusoidal osdlliations of various 
frequ^cies and amplitudes superimposed on one 
anothCT. , * • 


It can be shown that the axis of oscillation is the 
final state of a given i^oint in the winding, while its 
amplitude is the sum of the amplitudes of all natural 
frequendes of the circuit. ■> 

Traveling Wave with Slanting Front. 

a. Initial VoUage Distribution. M’om the discus¬ 
sion of initial voltage distributioh due to rectangular 
front an impression may be gained that a .very steep 
front is necessary to create a purely dectrostatic field 
in the winding, and therefore the concentration of 
voltage at the line end of the winding cannot he ex¬ 
perienced in practise where rectangular waves do not 
exist. 

b. ' VoUage Distribvlion during Oscillation. Mg. 24 
illustrates the effect of the length nf the wave-fi;ont 
on voltag^ created by the oscillation following the 
initial state. 

Curv’es 1, 2, 3, and 4 show the rise of voltage above 
^ound at the middle of the transformer winding, caused * 
by voltage waves at the transformer terminals as 
shown by curves la, 2a, 3a, and 4a,.respectively. 

There is practically no differaice between the maxi- 
mums of curves 1 and 4, in spite of the great diff«*ence 
between the exciting waves la and 4a. It should be 
noted that the 4a wave has a front of 30 microseconds. 

Wave with Steep Tail. 

If a traveling wave with a steep tail, such as would 
be caused by an insulator flashover, strides a Irans- 
former, severe internal stresses may be set up in the 
latter if it is of the ordinary design. 







Fia. 24 —Effbot of Slanted Front on Oscillation of 
Middle of Winding of Transformer B 

1 A. 2 A, 3 A, and 4 A—voltage at transformer terminals 
1, 2. 3. and 4—^voltage at the middle of winding 

Transient Voltages in Practisb 
Upper Limit of Transient Voltages. 

LaWatory Wperiments, completely substantiated 
by service records, show that on most of the existing 
transmission systems transient voltages reach values 
beyond the dielectric str^gth of the line insulation. 
Jilany lightning waves of crest values equal to 10 times 
normal line voltage, and a few up to 15 times normal 
voltage and switching ^ges up to 8 times normal 
•have been recorded. 
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o. Conclusions. 

Tfie following table shows ttie order of mag^tude of 
voltage stresses produced between different elements of 
a 'transformer winding having one end permanently 
grounded. Column I ♦gives stresses produced by the 
standard Induced Voltage Test. Column II gives 
the dielectric stren^h necessary to withstand service 
transients produced in a uniform winding. 

In the numerical example, Column III, the minimum 
values (in k^^) are given for a typical transformer to be 
operated on a 220-kv. system. 

The voltages in Columns I and II are given in terms 
'of effective value E, which is the normal operating line 
'to neutral voltage of the transformer. 



• 

• 



I 

• 

II 

III 

' High-vo!tage line end to 

^ low voltage and ground 
' Any' other point between 

3.46 5 

3.46 5 

3.46 5 

440 Kv 

line and ground end p % 


Unless p is less than 

• 

away'from ground end 

p B 

• 

10 %. Some reduction 
is permissible for .p 
less than 10%. 


Turn ins. of line coil.. 

100 to 600 V. 

0.63 5 

80 

Tum ins. near line coil 

100to[600V. 

Gradually reduced from 
0.63 5 to 0.20 5 


Turn ins. in the main 

part of the winding.. 

100 to 600 V. 

0.20 5 

25 

at ground end. 

100 to 600 V. 

0.35 5 

44 

Coil to coil at line end.. 

0.04 E 

1.3 5 

165 

. Coil to coil near line end 

0.04 E 

Gradually reduced from 
1.8 5to0.66 5 

Coil to coil in the main 

part of the winding. 

0.04 5 

0.65 5 

82 

near ground end., . 

0.04 5 - 

0.88 5 

110 


series capacitances, and as they are all alike, the initial 
voltage would be uniform. - The final voltage distribu¬ 
tion also will be uniform, as all elementary inductances 
are alike and therefore there will be no transient. 

Referrin^to A of Fig. 25 on the left side of the ti*ans- 
former ‘ equivalent network a new system of shunt 
condensers C, is shown. This system-, however, is not 
connected to ground as C, are, but to the line tefminal. 

It is obvious that values of e^ch capacitance (C,.) 
can be selected so that with the voltage uniformly 
distributed throughout the winding^ the current 



Fia. 25 Equivalent Network oe Sikmlded T'tANHrouMBB 


The difference between valties of the first and the 
second columns is responsible for the difference in cost 
, and volume of 20,000-kv-a. 220-kv. transformers re¬ 
ferred to in the Introduction. 

Part IV 

Protection Against Transient Voltages 
1 .‘ Non-Resounding Transformers. 

a. Theory. It was shown above that the cause of 
non-uniform voltage distribution along transformer 
mndings was due to the presence of shimt capacitance 
(C, m network 3 of Pig. 3), because, due to this shunt 
capacitance, damped (or sustained) oscillations of a 
series of frequencies, applied to the terminals of such 
a network, cause different parts of it to get in voltage. 
resonance and produce over-voltages shown bv the 

curves (2 A, 2 B of Pig. 20). 

In the case of traveling waves, the same shunt capaci- 
tan^ were found to be responsible for internal over¬ 
voltages, JB the initial and final voltage distribu¬ 
tions were different because the charging current of aU 
shunt capacitance were supplied through the serie 

unemd at the tune of impact of the wave. • 

capacitances neutralized, 
th»e would be no shunt currait to be supplied by any 



Fio. 29 -Non-Rb80natino 20,000-Kv-a. 132,000-Volt ' 
Transpoumbr 

thnough repective Cp to a given element will be exactlv 
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and the voltage across them alike. This would hold 
true, of course, at all frequencies. 

As the protecting condensers are so proportioned that 
the voltage divides equally between the series capaci¬ 
tances, the initial voltage would be a strai^t line the 
final distribution is also a straight line (as all L's are 
alike),—therefore there can be no transient. 

6 . 9est Data. Extensive testa were made on some 
power transformers ^with damped oscillations of fre¬ 
quency ranging from 3 to 1000 kilocycles, aswellaswith 
impulse waves ef various shapes. The r€Sults are sum¬ 
marized on F^g. 20 . 

In practise, the condenser arrangement Cp consists 
simply of a smooth metal surface or a small number of 
such surfaces properly spaced and insulated from ground 
and the windings, and connected to the line terminal of 
the protected winding. These surfaces are called 
“shields.” • 

They, are located on the outside of the high-voltage 
windings, so as not to interfere with its usual con¬ 
struction. Fig. 29 shows a power transformer of the 
non-resonating type. So far, the non-resonanting type 


has been adopted for more than half a million kv-a. 
of transformers. * * 

S. Eff^t of the Transformer Btishing. 

The capacitance of the bushing is in shimt with the 
transformer, and is of the order of 0.0002 microfarads, 
which corresponds to the capacity of 0.15 of a mile of 
transmission line. This value is '^o negligibly small 
that it can have no effect on transient voltages within 
a transformer. 

4. Choke Coils, Current Transformers, etc. 

When a concentrated inductance such as a choke 
coil, current limiting reactor, current transformer, etc., 
in series with transformers, is struck by a traveling'’ 
wave.of steep front or tail, it enters into oscillations with 
the electrostatic capacity of the,tran.^former. In this 
way, dangerous internal voltages may be set up in the 
transformer if it is of the ordinary design. 

The author wishes to acknowledge here that in the 
preparation of this paper the interest and assistance of 
Mr. F. F. Brand have proved invaluable. The valuable 
assistance of Mr. J. H. Hagenguth^in the preparation 
of data is also recognized. 
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Street Railway Power Economics 

On the Cincinnati System 

BY J. A. NOERTKER* 
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Synopsis,—Within the past few months, the Cincinnati Street 
Railway 'Company has completed the rehabilitation of its entire 
pbwer system. The system noxo consists of 19 full automatic 
synchronous converter substations upon which has been superimposed 
a complete system of supervisory control and remote metering. 
Papers have been presented by Frank W, Peters and Harley L, 
Swift, covering the details of this installation. 

This paper discusses the economic factors involved in the selection 
of equipment and the design of the system. Part I points out that 


the most important economic consideration is service and prestmls a 
method for evaluating this factor. Part II discusses the design, 
of feeder circuits with particular reference to the limitations %f 
Kelvin's Law, Part III discusses system'design with reference io 
the economics involved in the location of substations, and in the 
selection of control equipment, A general method for conducting 
extensive system studies is implied. Pari IV discusses system 
load-shifting characteristics and Part V points out the advantages 
of supervisory control. 


Introduction 

HE management of a modem street railway system, 
especially one operating under a “service at cost” 
franchise, should and does aim to provide a service 
that most nearly meets the requirements of the average 
car-rider,* which implies, the fastest schedule speeds 
consistent with safety and ultjjnate economy. As 
a matter of fact, ultimate economy, as it concerns both 
car-rider and company, is ®ne of the most important 
considerations. 

♦Electrical Engineer, The Cincinnati Street Railway Co^ji- 
pany, Cincinnati, Ohio. 

Presented at the Regional Meeting of the Middle Eastern District 
of the A.I.E. E., Cincinnati, Ohio, March SO-SS, 1999. Complete 
copies upon request. • ' . 


The car-rider is interested in continuity, cost and 
quality of service. The primary factor affecting the 
quality of service is speed of car operation, and some 
idea of the magnitude of this factor may be had by 
'considering that in a dty of the size and character of 
Cincinnati, the total annual time spent by the car¬ 
riding public in transportation is approximately 
60,000,000 hr. • 

It is practically impossible to determine definitely a 
value for this time; however, assuming a rate of 60 
cents per hour, the annual amount will be $25,000,000, 
which amount is of sufficifent magnitude in the inter¬ 
est of both the car-ridd* and the management to urge 
a careful analysis of all factors affecting the speed of 
c%r opCTation. Among the many factors affecting the 
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speed of car operation, outstanding are: (1) Topo- 
grapBy; (2) traffic congestion and control; (3)-nuniber 
and duration of stops; (4) rat^ of acceleration and 
retardation; (5) motor characteristics; (6) trolley- 
voltage. 

Two of these factors,TnOtor characteristics and trolley 
voltage, are directly under the control of the railway 
engineers. * In selecting car equipments, it is necessary 
to assume average conditions of the above factors. The 



From this fact alone it is evident that a thorough study 
of the power system is justified. 

In an effort to determine the proper voltages for the 
operation of ears und^" various conditions, the following 
curves have been plotted from the data derived from 
speed—time and power—time curves of the latest type 
cars of The Cincinnati Street Railway Company. 

Rg. 1 shows the i&inimum time required to”make 
varioTis runs at 600 volts and the per cent increase in 
time at lower^voltages. It will be observed that for 
runs of less than 200 ft., the minimum^ time required 
to make the run is ^.pproximately the same. 

Fig. 2 shows the energy consumption required to 
make various runs at several different voltages. The 
curves show that increasing the voltage on these runs 
materially iuCTeases the aiergy consumption. 

Fig. 3 is derived from Figsrl and 2 and presents the 
same information in a more convenient form for a 
300-f£. level run and a 1200-ft. run on 6 per cent grade. 

Fig. 4 shows the most economical trolley voltages for 
a 300-ft. level run and a 1206-ft. run on 6 per cent grade, 
with platform expense and evaluated time of car-rider 
taken at ^lO.OCTper car hour and ener^ cost at the car 
taken as 1.5 cents per kw-hr. 

Inasmuch as increased car speed has been looked 


5'ie. 1 —Minimum Timb Rbquibed to Make Vahious Runs 
(-WITHO-UT (JpAST) AT 600 VOLTS, AND FbbCBNT InCRBASB IN 
Time at Lower Voltages 

. Oar Data—Motors—4 W. B. No. 510 E. hp. 35 

Gear Ratio--18.69 
Size of Wlieds^26 in. 

Wt. of Oar and Load—19.36 tons 
Acceleration—1.5 mi. per hr. per sec. 

Retardation—^2.0 mi. per lir. per sec* 

proper voltage has-also usually been determined for 
average conditions and in the design of the power 
system the effort has been to furnish this average 
voltage over the entire system. It is not certain, 
however,^ that an average voltage will fulfill all con¬ 
ditions in the most effective manner. Since the 
primary function of the power system is to furnish 
the most economical and satisfactory trolley volt¬ 
age for the operation of the cars, it is of first im¬ 
portance to determine what vol-tage or voltages are 
the most economical and satisfactory for -various 
operating conditions and then provide such voltage* 
through the means of variable converter characteristics 
and transformer taps. 

While poor voltage conditions may result in loss of timp 
by passengers, aside from the evaluation of this timp, 
it can be shown that for a city the size of Cincinnati, 
the annual variable cost of power supply subject -to 
manipulation on which there is no practical check is 
approximately $180,000.00. This is made up of candy¬ 
ing charges on feeders, conversion loss, d^and loss, 
energy loss, and carrying diarges on that portion of the 
conversion equipment required to supply the feeder loss. 



Fia.2 —Enbbot Reqtjibbd to Make Vabioxjs Runs (without 
Coast) at Various Voltaqbs 

Oar data—same as Big. 1 


upon as the desirable result of increasing trolley voltage, 
no consideration has been given to the effect of coasting. 


11. Distribution System 
Feeder Sizes. Th6 application of Kel-vin's Law to 
railway power circuits has been presented in a paper by 
Crecelius and Phillips. (See Bibliography, comple-te 
paper). The following equations and curves present 
a convenient method for applying this law to extensive 
system studies. The most variable factor in such a 
study has been considered to be the cost and -value of 
installed copper. 


*lhe total annual cost of a feeder circuit is equal to 
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the annual investment charge plus the annual demand 0.5 per cent; Depreciation 4.5 per cent; 

loss charge plus the annual energy loss charge. This Interest 6.0 per ;^t; Reserve 2.0 per cent) 

may be expressed as a mathematical statement as C, = Cost of substation per (d-c.) kw. capacity 


follows: 


Cp = (r, Cu 10-*) (3.67 m D 10-‘) 

/ M +'la C, 10-* \ / P 11.0 D 10-a \ 
■ \ Efl. (s. p.) / \ fi, OT / 


+ (EflC,tav.)) ( 


8760 7*11.0DL10-* 


(Vau Huurs-300 Ft Rfti-LeveK 


I Time-lfiOO Ft. 
(Run 6 Percent Grade 


($40.00) 

I = One hour maximum demand (amperes) 

11.0 = Ohms per dr. mil ft. SO-xleg. cent. 98 per cent 
I conductivity 

e == Energy charge on purchased power- (dollars 
per (a-c.) kw-hr. $0,004) 

Eff. (av.) = Average efficiency of substation (0.90) 

^ •' 8760 = Hours in a year 

L = Loss factor—^the ratio of the average of the 
squared current demands to the squared 
* maximum hourly current demand (0.25) ’ 

Substituting the above values 4n the eqimtion for 
total annual cost and combining terms, the equation 
reduces to 


Cp = 0.44 X 10 “*CumD -\- 


0.32 P D 


Hour8-1200 Ft. Run* 
t"6 Percent Grade I 


nmc-300 Ft Run-Level 


AVERAGE TROLLEY VOLTAGE 


Pig. 3—Time and Enebgy Consumption Required (with¬ 
out Coast) pob 300-pt. Level Run and 1200-pt. Run on 6 
Per Cent-Gbadb 

Oar data—same as Vig. 1 


where 

C, = Total a^ual cost of positive feeder circuit 
(dollars) . 

ri = Rate of return on feeder investment (12 per 
• cenjj). (Taxes 2.0 per cent; Depreciation 



400 500 

VOLTAGE AT CAR 


Pig. 4—Total Cost pob Several Runs (without Coast) 
AT Various Voltages 


V. per ceiiL; A/epreciaaon Oar data—same as Hg. l 

2.0 per cent; Interest 6.0 per cent; Reserve Bnergyoost—i.6 cents per kw.hr. 

9 A r>oi. Platform expense and evaluated Ume of car-rider SIO.OO per (3kr-hr. 


2.0 per cent) 

Cu = Cost of insulated feeder in place (dollars per lb.) 
3.67 = Pounds per ft. 1,000,OOO-dr. mil cable triple 
braid, weatherproof insulation 
m = Crossesection of feeder at substation end 
(dr. mils) ^ 

D = Distance in feet to end of feeder or neutral 
• point of feeder common to two or more 
stations 

M = Annual maximum demand charge (dollars per 
(a-c.) kw. me^ed at 13,^00 vdlts—$12.00) 


Equating first derivative to zero for minimum annual 
cost 


0 = 0.44 X 10-'CmD- 


8507 


0.32 PD 


VCu 

This is the proper size feedaifor minimum annual cost 


Eflf. s. p. = Effidmicy of substation during peak loa<f for concentrated load at the end of a feeder of uniform 
(0.93) cross-section. 

Tt = Rate of return on substation investment (15 Copper losses caused by a distributed load on a 
per cent). (Taxes 2.0 per cent; Insurance th^retically tapered feeder are equal to one-half those 
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cau^d by a concentrated load on a feeder of uniform 
cross-section if this cross is«the same as that at the 
station end of the tapered feeder. Since the volume 
of the tapered feeder is one-half that of the uniform 
feeder, the investment charge is one-half that shown by 
the equation for the uniform section with concentrated 
load. *■ 

The annual charge for this type of feeder is 


Cp = 


0.44 X 10-« CumD 0.32 P D 
-+ 


2 


2 m 


and the cross-section for minimum cost becomes 


m = 


8507 


(4) 


(5) 


• Also, since it can be shown mathematidally that the 
copper losses caused by a distributed load on a feeder 
. of uniform cross-section are equal to one-third those 
caused by a concentrated load, the annual charge for 
such a feeder is • 


Cp = 0.44 X 10 -"CumD + 


0.32 P D 
3 TO 


( 6 ) 


and the cross-section for minimum annual cost becomes 


850 7 


TO = —=- 


490 7 


V 3 V C'tt ■>/ Cu 


(7) 


It is of particular interest to note that the proper 
size^ feed®r for minimum annual cost, equation (3) 
is directly proportional to the load, and does not depend 
. on the length of tiie feeder. All of these equations are 
applicable to the positive feeder circuit oh both single 
and double trolley systems. 

Recondlement to Kelvin’s Law. After feeder sizes 
have been determined by Kelvin’s Law, the resulting 
average feeder voltage should be checked against the 
most economical voltage required for the operation of 
the cars. If the average voltage at the load as deter¬ 
mined by Kelvin’s Law is considerably above or below 
that required for the most economical car operation as 
shown by curves similar to those of Fig. 4 for the 
average runs on the section in question it will be nec^- 
sary Ip plot graphs of equation (2) (total annual cost 
against average voltage at the load). This graph 
should then be superimposed and added to the appro¬ 
priate curve on Fig. 4. The resulting graph wijl 
indicate the point of over-all rninimiim cost. The cor¬ 
responding feeder size can then be read directly from 
the curves. 

Tie Feeders. A comparison of equations (9) and 
(10) shows that the total annual cost of the uniform 
cross-section feeder is 15.7 per cent higher than that 
of the tapered section. In actual practise, due to the 
impossibility of obtaining a»theoretically tapered section, 
this percehtage is somewhat less. It is considered, 
however, that the advantages of the uniform cross- 
section feeder are worth the increased cost. This fact 
can be proved conclusively through the* evaluatiorf of 


power outages mitigated by the use of tie feeders. 

III. Conversion System 

Converter and Transformer Characteristics. It is 
evident that in so far as possible, the railway power 
system should provide the most satisfactory and 
economical trolley voltage. Since adjustment of volt¬ 
age through the manipulation of the dfistribution^ystem 
does not supply an economical method for varying 
voltages, it is up to the substatioft engineers to provide 
for this by leaking use of either adj’pstable machine 
characteristics or suitable transformer taps, or both. 

There is no argument as to the superior performance 
of shunt converters from the standpoint of substation 
operation and system stability, but it must be recog¬ 
nized that shunt converters cannot be used in outlying • 
territories or on heavy grades except at the sacrifice 
of car speed. In congested areas, advantage can be 
taken of the superior operating characteristics of shunt 
converters with the additional advantage of power 
saving brought about through the furnishing of more 
econqmical trolley voltagfe. For the same reasons, it 
will be desirable to provide transformer taps with the 
idea of varying d-c. bus voltage. Two distinct ad¬ 
vantages resulting from this practise are (1) the pro¬ 
viding of a more satisfactory trolley voltage, and (2) 
the providing for emergency load shifting. 

Manttal vs. Automatic Control. Among the im¬ 
portant factors that determined tiie type of control 
selected for the Cincinnati power system'^were main- , 
tenance and operating costs; cost of equipment;-reserve 
capacity; efficiency; reliability; improved -service; 
protection of equipment and load shifting characteristics. 

PVom a carrful study of maintenance and operating 
costs and cost of equipment, it is apparent that auto¬ 
matic control has a decided economic advantage only 
in the case of new single unit stations. 

Due to load shifting characteristics and thermal 
protective devices, automatic equipment can safely be 
subjected to heavier loads than could thfe corresponding 
manual equipment. Hence, it can be seen that less 
reserve capacity is required, ahd that efficiency may be 
increase. The reserve capacity required for double 
unit stations is particularly affected. 

A defimte improvement to service, due to automatic 
control, is the increased speed with which service is 
restored after having been interrupted by the failure 
of the high-tension power supply or by faults on the 
d-c. feeder systen^. 

Since the bearing, thermal and ground devices on 
the automatic-control equipment provide protection 
superior to that possible' vrith manual control, this 
must be considered an advantage. 

, ^ The advantage of the load shifting equipment pro¬ 
vided as part of the automatic control is one of the most 
outetanding benefits and should be givai considerable 
weight in selecting control equipment for any railway 
application. 
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V. Supervisory Control 
The primary functions of .supervisory control are (1) 
to provide necessary checks cm operation of substations, 
(2) to operate the system at the point of TnariTrm m 
efficiency and (3) to change the normal automatic 
functions so as to better meet emergencies. 

Inasmuch as ^e entire 600-volt feeder system is 
tied together so that the loss o^ any one substation 
dining the light load periods has little affect on the 
movement of cars, it is apparent that without some 
sort of indicatjpg system, there is at ihis time no 
check on sflbstation functioning. As most faults 
occurring in automatic substations develop or become 
apparent during the starting operation, it is of par¬ 
ticular advantage to have a check at this time so that 
• the faults may be remedied before the peak period. 
Since the load demands on a street railway system are 
approximately the same f«)m day to day, it is possible to 
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calculate the most efficient way in which to operate the 
system. This will iisually call for a de&xite schedule 
for the v^ous units. . 

In addition to providing the means for meeting fire 
and gtonn emergencies, the supervisory system can 
often be used to meet emergency overload conditions. 
These are usually taken care of by automatic equipment 
through the cutting in of tiie load shifting resistance 
which, as before-stated, results in power loss, impaired 
service, and the possibility of overheated resistors. 
Frequently, improved service will result from dropping 
tie-feedCT Idkds, since this may pmuit the reclosing of 
the resistance shunting contactors.^ ^ 

ftemote Metering. As applied to the Cincinnati 
power system, the remote-ammeters provide the dis¬ 
patcher with a continuous check on the operating 
conditions of the converters, both when starting and 
running. The ammeter, although calibrated to read 
in d-c. amperes, really measures the current in the a-c. 
side of the converter. The load readings are essential 
if the dispatcher is to shift loads during emergency ovjpr- 


load conditions. The recording voltmeters provide a 
continuous check on that most important operating 
factor substation bus voltage. 

Conclusion 

Inasmuch as topography, arrangement of the city, 
density of population and traffic conditions have such a 
definite bearing on the distribution of load and car 
operation, it is impossible to draw conclusions that are 
generally applicable to all railway systems. In any 
dty, however, the comprehensive, design of a power 
syst«n must consider as one problem the effect of trolley 
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voltage on car speed, the distribution system, the loca- ■ 
tion of substations and the selection of conversion 
equipment. 

a. On any railway system, the effect of troUey volt¬ 
age on service is of most important consideration and 
mraits a more, extensive study than has yet been givqn 
to it. 

b. Kel-vin’s Law with certain limitations is generally 
applicable to the design of rmlway feeders and offers “a 
relatively simple solution to the problem of the deter¬ 
mination of proper feeder sizes. 

c. Converters and transformers designed to give the 
greatest possible flexibility as to operating ^voltage 
should be selected. Compound-wound converters 
capable of being operated as shunt machines are most 
-suitable for the railway power system, the flat voltage 
characteristics being desirable for grades and outlying 
territories and the shimt characteristics being more 
desirable for congested areas. 

d. The use o£ automatic control results in the most 
economical and reliable system. 

e. With a complete automatically-controlled system 
it is necessary to have some sort of check on substation 
operation. Supervisory cohtrol, in addition to provid¬ 
ing such a check, furnishes a method for more effident 
normal and more effective emergency operation tiian 
is possible with full automatic equipment acting alone. 
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Abridgmentof 

Recent Development in Telephone Construction 

Practises 


B. S. .WAGNER^ 

Associate, A. 1. E.^E. 


and 


A. C. BURROWAY' 


Synopsis^—In (his paper are described recent developments in 
telephone consiruciion practises which react to preserve the integrity 
of the sheath of lead-covered cables thus decreasing insulation troubles 


Associate, A. I, E. E. 

due to moisture seeping through armor brcaiiS and warding off 
serious service interruption^ < 


Introduction 

G rowth of the telephone plant in the last few 
years has naturally followed the tremendous 
r increase in the use of this method of communica¬ 
tion. The outside plapt which has been built to satisfy 
these increased requirements is very largely composed 
of either aerial or underground cable. 

The extension of the toll cable network, where in 
several hundred telephone and telegraph messages a 
earned within a lead-antimony cable sheath of approA- 
mately 2% inch diameter, and the development of 
exchange cable in sizes up to 1818 pairs of wires, has 
necessitated new construction practises intended to 
keep the sheath intact, thereby lessening service 
interruptions. 

These new construction practises are the results of 
development work throughout the country and are 
as follow’s: 

1. Gas pressure testing of cable to locate sheath 
openings. 

■ of erecting aerial cable in order to 

minimize bowing. • 

.3. Long span construction. 

' Gas Pressure Testing 

,V\lth the extension of- the toll cable network, it has 
become necessary to provide a definite plan of pre¬ 
ventive maintenance whereby potential troubles may 
be eliminated. In this connection, the introduction 
of gas under pressure into a cable is not a new departure 
but the kind of gas and the apparatus for applying it 
ha%^e undergone considerable development and im¬ 
provement in the past three years. 

Equipment 

as the most 

smtable gas for pressure testing. It is supplied by the- 
^nufactumr in p-in. cylinders. These cylinders ar^ 
^uallj us^ on large construction projects inasmuch 

Inonier that small amounts of ,as may be available 

*«»• '»■ 


for testing single splices, a 25-in. cylinder 
tains sufficient gas to test eight or nine 4*; 
is also used. * - 
Standard gas pressure gages are used with the.se 


which eon- 
•j'-in. sleeves 



Fig. 


1 Small Cyundbh Gas Pitsssirni; Egmi-MKNT 
Sho'wlng regulating ociulpment ;ifalvu 3 find*awl. 
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tanks and with the equipment ^hown in Fig. 1, they fil 
Si°c^°°^^^ canning cases which are issued to the 

SiNGUE Splice Tests 

^ In testing single splices, two holes are made with an 

iht hn^ t screwed into these holes and 

stem ^ yalve 

40 lb TbP sleeye at an ingress pressure of 

temporarily from flowing 
^ough the cable by thp paraffin in the cable ends which 
deposited w&ile ‘foiling out", the splierS hot 
pw^n to improve the mstdation. When the pressure 
on the screw-m gage reaches 5 lb. the gas is turned off 


39-e(! 
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at the tank. The sleeve and joints are then examined 
with a magnifying mirror for bubbles which indicate 
leaks. Large leaks are located by the hissing of the 
escaping gas. If a joint leaks, it is rewiped and the 
gas testing operation is repeated. • 

Testing Long Lengths op Cable 
On new cable projects, the usual jsrocedure is to splice 
the cable in loading sections of 60(10 ft. and to gas-test 
the section as a unit. • Just before the loading is cut in, 
« the ends of the section are capped and gages are in¬ 
stalled at each Snd. At the loading point where the 
two ends of different sections appear^ valve stems are 
fastened into the end caps and connected to a large 
cylinder of ’gas by means pf a two-way hose. The 
' ,nitrogen is permitted to flow into both sections simul¬ 
taneously at a 40-lb. rate until the meters at the far 
extremities register 5 lb. The gas is then turned off 
and all meters are read as scran as possible. 

If the reading at one end is appreciably different from 
that at the other, or if they are equal but low'er than the 
average at the time the tank was disconnected, it is 
probable that one or more defects exist, and that'they 
are in the duct line in the case of undei^ound cable, 
or in the section befcween the splices on aerial cable. 

Several methods of locating this tjTje of trouble have 
been used with fair degrees of success. On aerial cable 
where it is possible t3 ride the entire section under test, 
the first step is usually to cover the section with the 
^ intention of'hearing *the hiss cau^ by escaping gas 
and ta ipspect the cable from the ground for any bends, 
kinks pr.flaws which wduld be soaped to locate possible 
troubles. 

If this method is unproductive, the next step would 
be to install a gage in each splice in the section. As full 
size cable is usually erected in 760-ft. sections, there 
would be seven splices in a 6000-ft. section in which 
meters would have to be installed, maldng a total of 
nine points at which the internal pressure could be read. 

* The prq^re* readings would then be recorded on 
cross section paper* Theoretically, if the cable was 
free of defects, these paints would lie in the same 
straight line«and defects would be indicated by low 
points on the curve. 

The curves shown in Fig. 2 give an example of the 
method of locating trouble in a tsrpical 10-mi. section. 
From Curve 2-A defects exist in the vicinity of poles 
980, 785 and possibly near 530. The defect near pole 
980 will be loSated more accurately. 

The method is to extend the con\rp<^ng slopes of the 
ciirve at the low point and the drfect will be found near 
the'location represented by. their intersection. The 
readings at poles 1109, 1046, 980 and 915 are laid off 
to a larger scale (Curve 6-B) and tlje lines drawn 
through these points intersect near pole 1002. Tha 
foregoing represents an actual case, and the trouble 
was found in a leaky deeve at that point. 

This same procedure is used in locating defects ij. 
imderground cdble where the sheath break occurs in the 


duct line. The defect would be located between the 
manholes at which the lovjest pressures are recorded. 

* Constaot PfessuRE Testing 
This system of pressure testing has been very effective 
and quite a number of the more important toll cables 
have been placed under constant j^essure. 

After the cable has been cut into* service, all lateral 
taps and both terminal ends are sealed with* dams or 
plugs to prevent the escape of gas. In addition to 
plugging the cable at the ends and lateral taps, inter¬ 
mediate plugs are installed at approximately 10-mi. 
intervals, in order 'to sectionalize the cable to assist in 
locating sheath breaks. Valve stems are first located 



Fig. 2—Graphic Method op Looatihg Shbath Bbeahs 

Typical pressure curve for section of aerial cable havings two abeath 
breaks 

Note; One 200 cu. ft. cylinder of nitrogen is sufficient to test a 6000 ft. 
section of cable 

• 

at the loading splices which gives them a 6000-ft.. 
spacing. Enough gas is then introduced into the cable 
to give an equalized pressure of 15 to 20 lb. throughout 
the length. 

In order to have a means of detecting loss of pressure 
after the section has been inflated for sometime, elec¬ 
trical indicating gages associated with an alarm circuit* 
are placed in each ten mile section. The alarm is set 
to operate when the internal pressure falls below 12 lb. 
The alarm circuit operates a lamp signal or bell in the 
central office or repeater station and a cable man is 
immediately dispatched to locate the trouble by 
aforementioned methods. 

. Clearing Trouble 

Another use of nitrogen in maintenance work results 
from the drying effect of the gas when admitted on 
either side of a wet cable fault. In certain instances, 
this method not oijly has restored the telephone service 
in a wet cable while a new section was being pulled in 
but it has aided the splice in toning through the 
defective section when cutting over. It is reasonably 
certain however that only 4n those cases where the 
cable is partially wet, can it be dried out completely 
with gas. 

Aerial Cable Construction 

New methods which, it is felt, will decrease troubles 


3GS 

and lower maintenance costs have recently been 
de\*eloped for placing and splicing aerial cable. 

Cause and Theory of Bowing 
* The causes of bowing in full sized aerial cable sup¬ 
ported on 16-M suspension strand have been deter¬ 
mined. Measures for the prevention of bowing have 
been worked out tTieoretically and have been put into 
practise In the field with satisfactory results. Fig. 3 
illustrates a t 3 T)ical bow in a large cable. 

The generally accepted theory of the cause of bowing 
is as follows: Due to a difference in the coefficients of 
expansion of suspension strand and cable, the cable 
expands more than the strand under the influence of a 
rise in temperature. The length of strand and cable 
in any span is aSsumed to be equal at the time the cable 
is spliced. As the temperature rises above the splicing 
temperature, the cable expands faster than the strand 
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Construction Methods to Minimize Bowing 
As a result of studies and field trials of full sized 
cable supported on 16-M krand, the following construc¬ 
tion methods have been recommended for new aerial 
cable so as to minimize bowing; 

1. Reduced Strand Tension. This method is the 
reducing of the initial strand tension of 16-M strand 
from 6400 lb. (60 deg. fahr.) to 3600 lb. (60 deg. fahr). 
The theory is that a high initial strand tension reduces 
to a considerable extent the normal (or unstressed) 
elongation or contraction of the strand .with tempera¬ 
ture change. Therefore, if the initial strand tension is 
reduced, the loaded strand tension will be reduced and 
will permit an increased ^elongation and contraction 
with temperature change.As a result, the changes in 
strand length become more nearly equal to the changes 
in cable length, and the tendency for the cable to bow 
is reduced. Field trials have shown that the reduction 
in strand tension practically eliminated all bow'ng 
in those eases where the cable was spliced at a tem¬ 
perature of approximately,40 deg. fahr. or above. 

* Placing Strand at Correct Tension. In order to 
peimit the fie]4 forces to string suspension strand more 
easily and more nearly at the correc|; initial tension, an 
instrument called the “Strand Dynamometer” has been 
developed. This instrument may be placed on fhe' 
suspension strand at any point'^without cutting or 
otherwise injuring the strand and will indicate the 
tension existing in the strand at that point. 

S. Placing Cable so that it is Free from Waves. In 
order to prevent bowing it is necessary to have the 
cable the same length as the strand when it is first 
placed in the rings. An “Aerial Cable Guide and 
Straightener” has been developed which eliminates in a 
large measure any waves which may be in the cable as 
it comes off the reel. The tool consists of a sheet iron 
shoe terminating in a steel tube of slightly larger di¬ 
ameter than the cable. The cable is pulled over this 
shoe and through the tube before it reaches the rings. 

4. Preventing CabU from Being Spliced 'While the 
Strand is in a Stretched Condition, Splicing is ordi¬ 
narily done from platforms which support one or two 
workmen and their equipment. This extra weight 
wdl stretch the strand and as a result, after the cable is 
spliced and the weight of the splicers and their equip¬ 
ment is removed, the strand will contract and some 
^c^ cable will remain in that span. This stretching 
of the strand has been prevented by siipporting the 
tempora^ weightv^th a ladder which is tied to the 
splicing point before erecting the 

Af Tension in the Cable. At temperatures 

of 40 deg. and belowdt has been found that the above 
measures are not sufficient to prevent the cable from 
when the tempCTatore subsequently rises to the 
neighborhood of 100 deg. fahr. Accordingly the 

Kr tension directly 

m the cable before splicmg by means of a “Tension 



This condition avUI eventiially cause a sheath break at the vipe 

and, as it cannot move along the line, compression is 
set up within the cable. When this compression 
exceeds the resistance of the cable to bending, the cable 
bows out of line. The amount of compresdon and 
bovnng depends upon the extent to which the tempera¬ 
ture has nsen above the splicing temperature. 

Aow influence of a drop in temperature, the 

cable will contract faster than the strand and when the 
em^ture falls below that at which the cSlTwS 
tenaon IS developed in the cable. The tension 
the minimum temperature of the 
temperature at which the cable 

Sw . during extremely cold 

ATfLr^’ I permanently to some Ltent. 

temperature rises again to the 
wpnal splicing temperature, the cable instead of being 
onw more free of stress, will be under compression and 
mhe temperature rises still further, bowiSS oc^ 
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Splicing Tool” and holding it there until the splice is relieves the messenger strand of the larger part of the 
completed. . . load. The theory of the, loaded catenary is not new 

The effect of tenaon is to reduce the amount of but its a|>plication to thS telephone plant is of recent 
expansion in the cable and thereby bring the amount development. Fig. 4 illustrates the catenary type. • 
that the cable will expand under a given teffiperature 2. Using high-strength steel .messenger strand to 
rise closer to the. amount that the strand will expand, carry the total weight of the c^bl,e. Fig. 6 illustrates 
The amount of tension placed in the cable varies with an elongated simple span. » 

the teiffperature existing at the time the splice is made. Economic considerations are the determining factor 
For tempaatures jugt under 40 deg. the tension is in deciding the length of span which c^ be justified 
small, but for temperatures as low as 20 deg. below in a given case. Catenary construction is used in our 
zero, the tenacn is about 1500 lb. This method has toll cable plant largely as a matter of convenience and 
prevented bowing in cables spliced at temperatures as as a means of canying the cable suspension strand 


low as 5 deg. below zero. " ’ 

Removing Bows, in Old Cable 


across streams or other barriers continuously without 
dead-ending. On the other hand a long span was built 


Two methods have heen’isvestigated for removing 
the hows in cable which has been erected and spliced If** f f I"*® f “i” 


for some time. They are:, 


the cable suspension strand alone carries the entire 


1. Puli the excess length of cable to concentration catenpy constracUon ^ is used: ^ 


points ahd cut out 


latter are cable spans inserted in open wire lines at river 


2. Cut suspension strand at intervals, introduce cr<^np and the cable terminates on the crossingpoles 


excess strand at these points, and slack off until bows 
disappear. 


Advantages , 

Long span construction, under certain conditions, has 


Where the bows are removed by cutting out the distinct advantages, especially where there is an obstacle 
excess cable length, some tension remains in the cable to dear, such as a river. 

^after being pulled to the concentration points but the - The simpler type of long span involving high-strength 

strand tension is not materially reduced. Therefore, _ _ ^_ 

during hot weather,*the tension in the cable tends to ~/C/\ ' ^ ^ TV^T\ 

reduce the bowing while the high initial strand tension 

tends to promote it. * Consequently the results obtained * 

in ttfis. matter are not as successful as the results Fig. 4—Long Span Employing Catbnabt Constbuotion 

obtained by slacking off the suspension strand at various ^ 

intervals, which method places the cable in tension and "V " ----^ "vT 

reduces the strand tension simultaneously. —■—^—*— 

Another advantage of Method 2 over Method 1 is 

that slacking off the strand does not require that the Pia. s— Typical Elongated Simple Span • 

working cable be opened whereas in pulling tension in ' • 

the cable it must be cut to remove the excess length, messenger has several advantages over the catenary 
Inasmuch as the comparative costs of the two methods type. Theoretical considerations indicate that less 
^e approximately the same, slacking off the strand bowing will occur in the simpler tsrpe of long span, 
appears to be superior to cutting excess length out of Also, this t 3 rpe permits cons^ction with somewhat 
the cable, as a method for removing bows from cables smaller sags. As a matter of fact, with the same total 
supported ofi 16-M strand. Cutting the excess length number of steel strands used, slightly smaller sags 
out of bowed cables has its application to those cases could be obtsdned by hanging the strands and oable in 
where the strand tenrion is low, the cable is badly one long span than if catenary construction were used, 
bowed, and the existing clearance above ground is such This is for the reason that the messenger strand will 


that no material increase in sag can be permitted. 
,Long Span Construction 
A "Long Span” in the telephon^ant refers to any 
span longer than the normal 150 fflTand ranging up to 
and in excess of 1000 ft. Due to the physical character- 


(Jarry a greater proportion of the weight of the cable 
in the long span. 

Conclusion 

Eliminating service interruptions vrith their resultant 
inconvenience to’subscribers, embarrassment to busi- 


istics of telephone cable, Especially its low tensile ness, loss of revenue, etc., due to cable failures justifies 
strength, it is necessary to support it with steel strand far reaching measures. 

_ Ih.re.V H'V* nrj^ _ O. 1a AM A A 4* A J M 


(called the “messenger”) from which the cable is sus¬ 
pended by means of hangers spaced 20 in. on center. * 


It is felt that definite progress has been made towards 
building cable plant whose* sheath continqity will be 


Two typos of construction have been adopted for ♦ undisturbed except from extraneous or forei^ in- 


long spans: 


fluences. Further advances can probably be realized by 


1. The caten^ type where a suspension guy pursuingthemethodsanddevelopingtheideaspresented. 


• •• 
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Ab'^idgment of 


Iron Losses in Turbine Generators 


BY C. M. LAFFOON* 

Associate. A. I. E. E. 

• 

Synopsis. — lu large f^irhine generators^ there is no C 07 wenient 
for dettrmininfpthe iron losses under load. It is the purpose 
of thiK paper to show, analytically, the factors influencing the change 
iif if OH loss with load; that on the basis of the flux distributions, 
the inachines can he most conveniently divided into end zones, which 
pTf-a.nt three dimensional problems, and a large central zone, which 
his only two dhnensional problems. The losses in each part are 
discussed qualitatively, and the losses in the central zone are oh~ 


and J. F. CALVERT* 

Associite, A. I. K. E. 

tained quantitatively for an ideal mach ine in which only ihe ftmndn* 
menials of the flux waves arc present. Cangary to the usual viewt 
these losses do not vary ^is the square of the generated veil age, hut 
are predominantly affected by the ratio of the slot to fatal leatcaffr 
reactance. The results are given in dunws. The complieatfans 
in the problen^introduced by the usual cotnmcrcial designs hy 
non-sinusoidal field forms, phase bamds, are discussed 

qualitatively. 


T he best conception of the factors producing iron 
loss in turbine generators can be obtained by in¬ 
vestigating the flux distributions in the different 
^ parts of the inagnetie circuit. The end zones will be 
dfscussed briefly and then the central zone in greater 
detail. Figs. 1, 2, and 3 indicate diagramniatiea]ly*the 
direction of the flux in the plane passing through the 
center lines of the magnetic poles. There is a con¬ 
venient di\ision of the flelds into end zones and a central 
2 one. In the end zone it is necessary to consider the 
flux distribution as a three-dimensional problem where- 



Fio. Distribution in Center Plane op the Pole- 

Rotor Excited Alone 

as in the central zone it can be considered as a two- 
dimensional problem. 

to decide between just what two radial 
planes tv\o-dimensional conditions may be assumed 
An estimate of this was made by assumfng a SSi 

zone prese nts only two-dimensional problems!^ 

pany. East Eleetnc & Manufacturing Com- 

I. ForMerencDsswBibUography. 

0/ clZhimfohio^ If 


Discussion of tbe' Stator Iron Losses 
It is the lai^e central part of the stator iron which 
will be discussed in this article. For calculation an 
ideal machine which has tfie following characteri.st.ics 
will he considered: 



Fig. 2—Flux Distuibution in the Okntbu Plane op tiii: 
Pole, Statou Excited Alone 



Po^®**NTBn Plane op thk 

Load* Zero Powpb ip” Windings Excited at tub Full- 

J^OAD, ZERO Power Factob, Over-Excited Condition 

\ 

pritii^^no toSlfS assumed, so that 

9 no tooth taper is present; 

that the 

Considered alone; an? be 

?; winding will be assumed. 

I on to the above assumptions for a special 

1 A 
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machine, the following general assumptions will be 
made: • • 

4. The rate of eddy-current loss in watt-seconds per 
second per unit volume will be assumed jy^oportional 
to the square of the instantaneous value of the resultant 
flux density in the laminated iron; 

5. ^The hystStesis loss per cycle will be assumed 
proportional to the square of theinaximum flux density 
for the conditions encountered in commercial machines; 
and 

6. No allowance will be made for the redistribution 




Pia. 4 —Paths Absumbd in Estimating the Axial Penetra¬ 
tion OF End Flux 

^ of the flux in the main magnetic circuit due to changes 
’in permeability between no-load normal voltage and 
full-load normal voltage conditions. 

It4s intended to consider the factors involved by the 
variations m the stator teeth and core loss on load as 
compared with the no-load conditions, due to the funda¬ 
mental of the cross slot leakage flux and the inorease or 
decrease in the air-gap flux. On all loads which require 
over excitation, the air-gap flux must be increased to 
produce a generated voltage equal to the vector sum of 
the terminal voltage and the armatu^ leakage reactance 
voltage. Conversely, for practioCly all Tinder-excited 
conditions, thfe air-gap flux is less at the load than at the 
no-load full-voltage condition. 

The armature leakage reactance voltage is usually 
divided into two main parts,—the voltage due to the 
end winding flux, and the voltage due to the slot leakage 
flux. (In this machine there will be no “tooth tip 
leakage flux,” because no higher harmonics have been 
assumed.) The ’end winding reactance flux influemces 
the densities in the main magnetic; circuit, because it 


usT^ly necessitates a change in the air-gap fl ijv tt> 
main^ constant te^inal voltage. It has ’been 
explained, previously, that the effect of the end winding 
flux, as such, can be neglected when considering densi¬ 
ties in the central part of the statbr iron. The reactance 

♦ • 

Stator Laminations * 



produced by the armature slot leakage flux also necessi¬ 
tate a change in the air-gap fliix in order that constant 
teminal voltage shall be maintained. However, the 
paths of the latter flux (Fig. 8) are through the same 
stator iron parts as are occupied by the air-gap flux. 

Loss IN THE Core 

It is now possible to etimate the relative tosses in the 
core back of the teeth on the basis of the foregoing 



assumptions. Both the air-gap flux, i#a, and the radial 
componeut of the slot leakage flux, 2 have sinusoidal 
distributions at some dfcumferential line d — d, as 
drown in Figs. 8 and 9. These components of flux 
combine to give a resultant sinusoidal flux wave so that 
on the basis of assumptions 4, 5, and 6, it follows that 
the ratio of core loss on load to that on no load must be 
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_ I 1^8 + 2 €>, Y . — _ No-load core loss 

1 I • 


oW> 


ht 


■rrr 0.3 

OKK T 


JoRrnal A. L E. B, 

s _ ^ ^ _ qWc 

'' Total no-load iron loss in. the machine “ 

•In this case the vector quantity Wt., is in phase with No-load q( idy-current loss in the teeth M 
th«n.axm.»mn^d«»,jd8.8,theor««a„:. t ' e,, „Xd in^n loss in the ° Wr ' 

IN THE Teeth . - 

The ch^ges in tooth loss with load are much more No-load hysteresis loss in the teeth** 
difficult to describe than the core loss, but can be Ulus- no-load iron Ic^ in the machine 

trated with drawings. The difficulty is that the air-gap All l>T^r>lTr +« i '■ x i 

and slot leakage flux distributions do not have the same stator 

general shape in the teeth, whereas they did have in the f ^ ® '•. 

..core. In the teeth, the armature wkdings establish ^ T® ^ 

• tangential and radial densities, whfle the air-gap — i i o / ^ ^ 

field produces onijr radial densities. (See Pigs. 8 and 9). I ~e7 ) ' 

Hence, the tangential density and thfe resultant radial 

density must be known at every point in the tooth _ a ^ ^ \ / ^ \ 9 /1 X,\^ 

ttooughout one cycle. Obviously, at every, instant \ / \ B( ^ \ Et ) ‘ 

. bf iime, the resultant density squared is eaud to the /\t x xi. x 

jr yuoieu IS equal TO me (Note that cos y = power factor.) 

This include both hysteresis and eddy-current loss. 

II. Ratio of the eddy-cmrent loss in the teeth on 
lead to that on no-load. 

I'., ' + + 



oW, 


{‘e,’) (x'+“ "') +1) « 

III. Ratio of the hysteresis loss in the teeth on load 
to that on no-load. 

iWh, 1 
2 


oWht 






, Fra. 9—Assumbd Disteibution o» Aib-Ga» Flux 

sum of the squares of the tangential and the resultant 
radial densities. 

/3t* = j8b* +13.» (2) 

FT11. _ _ 


2 f 'j + sin T )’ 


1 

resultanit density, — f i8t* d d, but, 

= ~ + ^/3.*dd 


( 3 )' 



3 


-2 

rix ,,. 

L-^+smy^ 

n 

eos®7d(_^) (t) 


Henc^ the eddy-current loss due to the density com- x remembered that certain "design .con- 

ponente displaced 90 deg. in space may be computed must be inv^ed in the numerical constants of 

se^rately and added. • these equations. For instance, the ratio of the iron 

The rate of hysteresis loss per cycle is proportional to flux to that for the radial flux must 

squared. ue mtroduc^, and it depends upon the physical pro- 


le maxunum densify squared. ^ introduced, and it depends upon the physical pro 

®‘^® ^® variations in iron loss the machine. (See the list of symbols unde 

ith load as .functions of power factor. Various ratios N«tationforthevalueA:a). 
slot to total reactance and two valn#« nt woiG eneral Conclusions 


TOth xv«u «.iiun;uons oi power factor. Various ratios 
of dot to total reactance and two values of total per 
^t r^ctance are chosen as shown. Certain ratios 

tor the loss on no-load were assumed, as follows: • 


In the central portion of the ideal generator (vdiich 
ha« only ftmdamental flux waves), the'ratios of iron loss 
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on load to those on no-load are not only functions of 
total reactance and power faCc^tor, but also of the ratio 
of slot to total reactance. 

The actual loss in these parts is considerab^ less at 
operating conditions than is calculated by the usual 

1 m—1 1 1 1—-I 1 1 1—1 
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Fig. 30—-Ratio of Pull-Load Stator Iron Loss vs. Power 

* T jr 

Factor FOR Four-Pol« Turbine Generator WITH -0.12 

Hit 


The quantitative analysis of the variations in iron 
loss for aji actual commejtial machine is vastly more 
complicated than for the ideal generator in the central 
portion of the stator, and some of the factors cannot be 
considered at all. These are dfecussed in the una¬ 
bridged copy of the paper. ■* ‘ 

It is possible to make analytical calculations lor the 
loss in certain of the end zone parts. For instance, if 
the flux distribution in the end-bell iron can be 
established, a two dimensional problem may be as¬ 
sumed within the metal. However, the effect of the 
axial flux in the stator fingers, end plates, and first two 
or three packets, probably, can be investigated properly 
only by tests which will permit the separation of the 
end zone from the central zone lo&es. Tests on 
machines of different lengths could be used if it could 
be established that the loss per inch axially in the central 
zone was feubstantially the same in each test; and not 
at variance due to building differences. 
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where /X^ «« slot leakage reactance 
IXi » total leakage reactance 
E ^ a terminal voltage 


method wherein the assumption is made that the iroiv 
loss yaries as the square of the generated voltage. 
This is illTistrated in Figs. 30 and 81. If a machine has 
a ratid^f slot to tqtal reactance of about 0.7, there i^ 
practically no variation in iron loss with load. , 


Notation 
Flux Symbols 

i$« = resultant air-gap flta per pole on load at normal 
voltage. 

o'i'a = air-gap flux per pole on no-load at normal 
voltage. . 

= maximum flux across any one slot due to the 
armature windings. 

= instantaneous value of 

(p,' = instantaneous value of cross slot leakage flux 

between any circumferential line ; — j in the* 
teeth and the teeth tips. 

P, = instantaneous tangential density at any point, 
in a tooth due to the armature cross slot 
leakage flux. 

iS* = instantaneous resultant radial density at any 
point in a tooth. 

Voltage and Curr&fd Symbols 
(All values are pa- phase) 

EJt - terminal voltage. 

I Xt - total armature leakage reactance. 

IX, = armature slot leakage reactance. 

^ Loss Symbols 

iW. - total loss in the stator core on load. 
iWo = total loss in the stator core on no-load. 
iW,t = eddy-currait loss in the teeth on load. 
oTT.i = eddy-current loss in the teeth on no-load. 
iWift = hystaetis loss in the teeth on load. * 
tiWht = hystaesis loss in the teeth on no-load. 
iWt, and tWr = total iron loss in the machine on load 
and on no-load, respectively. 
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Angidar SyTtibols 

= angular displacemefU; with respect t® some one 
point on the stator. Counterclockwise rota¬ 
tion is assumed. 

= 2 TT X frequhn<y X time) 

= power-fa< 5 ,tol‘ tingle and is assumed positive 
When the current lags the terminal voltage. 

Dimension Symbols and ConstarUs 

= radial distance from the base of the slot toward 
the tooth tip. 

= total depth of slot. 

= diameter at stator tooth tips. 

= number of pairs of poles. 

= total area of cylindrical surface at the tips of 
the teeth. 

= total area of magnetic material in the cylindri- 
’ cal surface at the tips of the teeth.. 


Ki = stacking factor. 

Ka = constant for a given machine. 
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Cathode Ray Oscillograph Study 

Of Artificial Lightning Surges on the Turners Falls 

Transmission Line «, , 

, BY K. B. McEACHRON* and V. E. GOODWIN* 

Member. A. I. E. E. - Associate. Jf. I. B. B. ” 


Synopsis,—A portable impulse generator delivering 400 kv, 
has been constructed. A caiWode ray oscillograph of the cold 
^ cathode type has been so connected that impulses incoming over the 
transmission lineiowhichitis connected vdllinitiate the oscillograph. 

The results of studies on a 5.77-mi. section of a 66-kv. line of 
*ihe Turners Falls Power Company are given. Impulses of 
^definite forms are applied to the line. The theory of traveling 
waves is being checked experimentally^ demonstrating the 
existence and magnitude of reflectionsj both for open-ended 
alines and for lines closed through gaps or a combination of 


inductance and capacity. A simple description of the theory is given. 

Some preliminary results are given for attenuation obtained by 
successive reflections from either end of the line. 

The reduction of the incoming waves by an oxide film lightning 
arrester is given^ the affected wave in one case having a front of six 
microseconds and in another case a front of 0.5 microseconds. 

Further work to be done includes the effect of traveling waves on 
choke coilsf transformers and ground wires. Additional work is 
to be done to determine the laws governing attenuation. 


T he equipment required consists essentially of 
cathode ray oscillograph equipment which can be 
set up and operated in the fidid, and an impulse 
generator which is easily moved along the transmission 
line as desired. 

The oscillograph^ is the cold cathode type® which’is 
not suited to continuous operation unless the catiiode 
potential is kept low, which interferes with its ability 
to record high-speed transients, photographically. 
Therefore one of the first requiremeifts in the use of this 
oscillograph for transi^t registration is that means 
must be provided for exciting cathode at the time 
of the occu rrence of the transient. 

♦Both of the General Electric Co., Pittsfield, Mass. • 

1. For all references see Bibliography. 

Presented at the Regional Meeting of the Middle Eastern District 
of the A.I.E. E., Cincinnati, Ohio, March SO-SS, 1929. Confplete 
copies upon request. 


When endeavoring to reebrd lightning surges on a 
ti^smission circuit, it is necessary that'the incoming 
transient set off a trip circuit which will excite the 
cathode and complete necessary connections so that 
the oscillograph is in operation within, perhaps, a mil- 
lioiith of a second after the voltage at the oscillograph 
begins to rise due to the incoming transient. 

With a stud^j^ch as that being described-in this 
p&per, it is desirci to obtain oscillograms of natural 
lightning transients as well as records of the man-made 
lightning transients; the circuits therefore are arranged 
to be operated either way. 

In Pig. 1 the cathode ray oscillograph circuit shown 
^t the right is initiated at the game time that a small 
impulse is sent out by the oscillograph operator on the 
lower conductor of the transmission line. This impulse 
reaches the impulse generator shown at the left and 
causes‘the three electrode gap to spark over. Since 
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the impulse generator is kept charged, the generator 
circuit will be tripped by the operation of the three 
electrode gap, and the discharge of the impulse genera¬ 
tor takes place, sending out an impulse on the middle 
wire of the transmission line. ^ 

Ttiis impulse reaches the cathode ray oscillograph 
whose cathode steeam has already been established 



Fig. 2—Circuit for Applying Transients to a 
Transmission Line 

Arranged to pre-excite the oscillograph so that the entire wave-front may 
be obtained 

anjl the change in potential’at the deflecting plaj;es of 
the oscillograph is recorded as in Pig. 7. 

In case the oscillograph is to be operarted by a tran¬ 
sient due to lightning, the initiating circuit is modified, 
^the three-electrode gap at the oscillograph being con¬ 
nected to the transmission line through a capacitance 
potentiometer." Wlien the transient itself initiates the 
oscillograph, because of the time^delay in getting the 
oscillograph* under way the initial portion of the in- 
comiflg- transient is lost. (Such an oscillogram is given 
in Pig. 10 of the complete paper.) 

The Transmission Line 

The transmission line on which these tests are being 
made consists of a double circuit, and extends from the 
Pittsfield SilvOT Lake Substation to the Cabot Station 
of the Turners Palls Power Company on the Connecti¬ 
cut River. The total length of circuit is 36.7 mi., 
passing oyer rather hfily country in western Massa¬ 
chusetts. * 

The line was built for.llO-kv. operation, but is now 
operating at»66 kv. The average height of line at the 
tower is 71 ft. for the top conductor. At points (five) 
along the line, disconnecting switches have been pro¬ 
vided. Tests have been made only at Tower 279 
which is located a distance of 5.77 mi. from the Silver 
Lake Substation. 

. * Impulse Generat^ 

The impulse generator is designs to deliver a crest 
potential to ground of 400 kv. Sixteen oil capacitor 
units are charged in paralld and discharged in series 
making use of the Marx^ circuit as indicated in Pig. 1. 
The generator has a capacity of 0.0156 ./i f., the stored 
energy being 1260 watt-seconds. • 

Tests have been made with tw6 wave fronts, one a 
fast wave reaching its crest in about microsecond, 
and the other, a slower wave rising to its crest in abowt 
6 microseconds. 


Pig. 5 shows the impulse generator at the base of 
Tower 2J9 with the comections made, and the ’dis¬ 
connects open. The illustration shows the line ex¬ 
tending over the hills to Pittsfield and gives a fair idea 
of the type of country traversed by this line. The 
cathode ray oscillograph is located at the Silver Lake 
Substation. ' 

Line Characteristics 

In order that a proper understanding of the principles 
involved may be obtained by the reader, two oscillo¬ 
grams are given in Pig. 7 which will be discussed in some 
detail. The circuit diagram is given under each oscillo- ■»* 
gram.^ It should be noted in both cases that the impulse , 
generator and the cathode ray oscillograph are both 
at the Pittsfield ehd of the line. Also in both eases the 
disconnects are open at Tower 279, 5.77 mi. away. In 
the uppef oscillogram there is no apparatus connected 
at tower 279, while in the lower oscillogram a sphere-’ • 
gap which arced over is connected between line, and 
ground. 

The oscillograms are alike and majr be superimposed 
up to the point wh«re the gap sparked over. These 



Fio. 5 —Towhti 279—Showing PoaTABLi; Impvlbh 
Generator 

XJne foreground extends to PittsQeld 

oscillograms show the initiation of the oscillograph by 
the transient itself, which is the reason for the missing 
portion of the front of the wave. 

• Traveling Waves 

A proper understanding of the oscillograms in Pig. 7 
requires some knowledge of how such waves travel on 
transmission lines. 












376 


McEACHROH and GOODWIN: CATHODE BAT OSCILLOGRAPH STUDY 

• 

A wave travels along a line by c harging up the 
capacity of the line as the voltage is increasing on the 
front of the wave, and discharging the line* capacity 
as the voltage decreases on the tail of the wave. Such 
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Fig. 7 Oscillogbams Showing Initial and Kbflbcted 
^ Waves with Impulse Generator and Oscillograph Both at 
Silver Lake Substation 

Upper oscrnogram open efded line at Tower 279 
^ Lower oscillogram line closed through gap at Tower 279 

% process requires that the wave form of current ex¬ 
actly correspond to the wave front of voltage. 

When such a wave is traveling along a line, two equal 
energies need be considered; one is electromagnetic 



and is stored in the magnetic field around the con¬ 
ductor due to the transient current, and the other 
enei^ is electrostatic and is stored in the electro¬ 
static field between the conductor and groimd. If the 
wave meets with an open drcuit at the end of a line, 
all of the energy at the open end becomes electrostatic, 
and the potential at the end of tbs line is doubled. 
Neglecting losses, the refiected wave will be fdentical 
with the original wave. 

If the traveling wave meets a short circuit to ground, 
the electrost^ic energy at the short circuit becomes zero 
and the electeomagnetic energy is doubled, as is also 
the current in the short circiut. If the crest current 
of the traveling wave is I amperes, (which value is 
obtained by dividing the crest potential of the traveling 
wave by the surge impedance of the line), then the 
current in the short circmt willTie two I amperes. 

WThen a resistance equal to the surge impedance is 
connected between line and ground, the energy of the 
traveling wave is absorbed in the resistance with no 
refiection either of voltage or current. 

An electrostatic capacity connected between line 
and ground aets first like a short circuit, and as it be¬ 
comes charg^, acts more and more like an open 
circuit. An inductance acts in the opposite manner, 
acting first like an open circuit and later as a shori: 
circuit. Thus when a traveling Vav6 meets an in¬ 
ductance connected^ between line and ground, the 
potential rises, followed by a revemal of pcfiarity as the 
inductance begins to act as a short circuit. , ' 

The effect of the circuit conditions used in taking the 
upper and lower oscillograms in Fig. 7 is shown in 
Figs. 9a and 9b. An impulse is seen traveling away 
from the impulse generator toward the open ended line. 
(Wave No. i). 

An oscillograph at the end of the line would have 
shown a volt—time curve such as that shown A (2) at 
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Fig. 9 Reflections with Impulse Generator at One End of Line 

a. With opea-^ded Uu 

b. Line cloBedSrouiiia gap aet fore volts 
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the right. The reflected wave (3) is traveling back 
toward the impulse generator. With the line being 
considered, the reflected wave returns to the impulse 
generator in about 62 microseconds. In this short 
space of time the tests have shown that the gSps at the 
impulse generator are still ionized so that the impulse 
generator may b^ considered as inductance and ca¬ 
pacity «id resistance at the end of the line. The 



Fig. 11—Chopped Wave-Gap Set at 197-Kv. Crest 

voltage-to-ground ^across the impulse generator with 
respect to time is shown at the left (4), and corre- 
■^ponds to the reflection shown in the respective oscillo¬ 
grams of Pig. 7» This curve is the smn of the reflected 
wave (6) from the impulse generator and the reflected 
wave from the open«end (3). » 

Thp wave (6) reflected from the impulse generator 
travels'to the open end of the line where a reflection 
takes place as shown by (6). 

In Fig. 9 an attempt has been made to set up con- 


Chopped Waves 

Since in practise traveling waves are frequently but 
off by flashover of insulators it is worth while to con¬ 
sider the effects of the line constants and apparatus oto 
such waves. , 

The dotted curve in Pig. 16 shows a so-called full wave 
which rises to its crest in 6 to 8 microseconds/'as de¬ 
termined by the use of a high-frequency oscillator which 
makes it possible to measure the front accurately. 
Since the impulse generator is at the far end of the line, 
the oscillogram shows the voltage rise at the station 
end of the line and thus is probably close to double the 
voltage of the traveling wave. 

In Pig. 11 all conditions were unchanged except that 
a sphere-gap was ^connected between line and ground 
at the impulse generator and set to spark at about the 
aest of the wave. It is interesting to note how steep 
the cut-off is and that the reflection comes back reversed 
to the station end where the oscillograph is locatdU, 



6-Micbosecond Front 



Fio. 12 —Successive Beflections, Full Wave 

ditions which would check approx^ately the oscillo¬ 
grams and also in such a maimdr as to be able to 
visualize how the reflections take place and show that 
inductance and capacity vwll give a form of wave 
similar to those observed. Mr. 0. Brune has cal¬ 
culated these reflected waves by the methods of the 
operational calculus and his methods are outlined in a 
forthcoming article in the General Electric Review. 
He has been able to find quite satisfactory agreement 
with the oscillograms. '* 


Dotted curve—^impulse at oscillograph without arrester. (See Pig. 10) 

Oscillogram—taken across S 5 O F cells ^ 

• 

which shows that the gap is still ionized. The sloping 
of the wave due to corona can be seen on the front of the 
reflected wave. When stud 3 dng these oscillograms it 
should always be remembered that they represent 
voltage changes at the oscillograph with respect to 
time. From them, with proper interpretation, the 
traveling wave can be deduced. 

Attenuation 

The attenuation on lines is a matter of considerable 
importance in the protection of lines and station ap¬ 
paratus. It seems to have been quite definitely shown* 
that for dangerous voltages the attenuation depends 
largely at least on the effect of corona. 

Some preliminary results are available on the short 
section of line worked with up to the present time. 

The method of making these tests was to apply at 
tower 279 an impulse whicji reflected back and forth 
ovgr the line which except for the small capacity of the 
oscillographic equipment and the station bus capacity 
was open at the oscillograph and closed to ground 
throught he impulse generator at tower 279. The 
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gaps or combmatiom of inductance 

in Fig ll sho^‘S.?^r^*roJ!;tio™':Sl!rr ^ O' tto theory is 

responds to a ien^ of line of approximately 86 mi. 2, The effect on incoming waves of various pieces 
SURGE Impedance of apparjftus, such as lightning arresters, choke coils, 

Some preliminary woric has been done in an effort to ^^o™er bushings and the effect of busses or other 
deteimme the surgg impedance of the line. When the ^’^smission lines connected to the hw is being studied, 
line is closed through resistance equal to the surge The effect of ground wires on attenuation 4s being 

im^dance no reflection will take place. By taking ^™tigated which includes the influence of additional 
oscillograms of the voltage across the resistance, its station as well as the effect of stopping 

va^e can be adjusted until the reflection disappears. ground wire several towers out from a station. 

" viw f determining the impedance does not Acknowledgments 

' «^-s to Mr. P. L. Hunt and 

ohms. The calculated value of iucit tliA Turners PallsJ^owerCompanyi and also to 

alone and ^ I TO obSa ThfeZ 

oftheotherconSctoraistolowerthe™t.,Tj!ll * Comply, thar appredarion of the cooperatiou 
•The ^ge lm,^« mly^^S u^tv^SS^”' 

dateline wfp^t T’' i”veetigation haa been earned on by 

renri?“ - 

resistance of the tower footing. Thus it ei^ted fnr^l ^ 

the effect ^n the surge impedance will become available. 
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Apparatus Characteristics 
The effect on the incoming impulse of choke coils, 
lightning arresters, bushings and transformers, out¬ 
going circuits, and the effect of station bus work is to be 
studied. The work with regard to all other apparatus 
except the lightning arrester is in too preliminary a 
state to give any results in this paper. Some very 
interesting results on an oxide film arrester are available. 
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, Oxide Film Arrester 

Since voltages comparable with the maYim nn i al¬ 
lowed by the line insulation of six disks were not avail¬ 
able, it was decided to reduce the size of the arrester to 
be tested to such a magnitude that it would have a 
potential applied comparable with what it might get 
in service. 

The oscillogram taken across the arrester is shown in 
Pig. 16 together with the wave without the arrester, as 
shown by the dotted line. The potential has been 
reduced by the arrester and its duration has been greatly 
decreased. The arrester has changed^ wave of danger¬ 
ous potenti^ and comparatively long duration into one 
of much shorter duration with a crest voltage safely 
below the strength of the parallel insulation. 

SumIiiary , . 

1. Theory of traveling waves is being checked ex¬ 
perimentally, dmonstrating the existence and magni¬ 
tude of reflections, both for open^nded lines and for 
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Lighting of Airways and Airports 

BY H. E. MAHAN^* 

Associate, A. I. B. B. 


Synopsis^—The Depariiyient of Commerce under the Air 
Commerce Act is responsible for the installation, operation, and 
maintenance of the nati9nal airways. The lighting facilities along 
the airway9 consist of revolving beacons ah lO^mi. intervals and 
intermediate landing fields approximately every SO mi. The 
intermediate landing fields,*in addition to the revolving beacon, 
sfire provided with an illuminated wind cone, boundg^y, approach, 
and obstruction lighfk. The Department of Commerce is also 
responsible for the rating of airports, although their establishment, 
maintenance, and operation are matters of municipal or private 
concern. The rating of an airport is a measure of the facilities 
available, A preferred rating for Ughting fadlities requires the 
installation of an airport beacon to locdte the airport from distant 
points, an illuminated wind direction indicator, white or yellow 
lights marking the boundary of the landing area, red lights on 
all ohsiructions, green range liglfts marking approaches, flood'- 
lighted hangars or other buildings as a measure of altitude and 
to illuminate identifying markings, a searchlight for measuring 


ceiling height, and suitable floodlighting^ for the landing area. 
In view of ike regulating authority vbsied in the Departvient of 
Commerce, the practise in lighting airways ana!airports follows very 
closely established standards. The floodlighting of the landing area 
proper offers the greatest opportunity for original thought and ideas. 
There have developed two schools of opinion regarding the funda¬ 
mentals of field floodlighting systems. One school favors the use of a 
single unit, or a group of units, at one location for floodlighting the 
field, which system is referred to as the centralized system. The 
opposing school, advocating two or more light sources placed at 
different locations about the field, is known as the disirihuted system. 
Both systems have in common the use of lighting units delivering a 
fan shaped beam of light only a few degrees wide in the vertical 
plane arid varying from 1^6 deg, to 180 deg, in iheliorizontal plane. 
The present lighting facilities are found very satisfactory during 
fair weather but the problem of aiding the flier duHn^ fog stiirfaces 
the engineer and research scientist as a problem, • 

* * * * * tit 


L ast year was celebrated the 25th anniversary 
of the first airplane flight of the Wright Brothers 
at Kitty Hawl^ N. C. To-day, the Department 
of. Commerce reports that there are 16,128 mi. of air¬ 
ways operating, and ^330 established airports in the 
country exclusive of Army and Navy fields. Of this 
number, 9341 mi. of ^ays, 274 intermediate fields 
and 74 other types of fields are lighted for night flying. 
By Jul;?^’!, 1929 it is expected to have 11,270 mi. of 
lighted airways. This is truly a remarkable record of 
progress and a glance at the map (Fig. 1) indicates the 
present scope of organized air transportation. 

Obviously, if such facilities are to be operated at the 
maximum of efficiency, the service must be continued 
throughout the twenty-four hours of the day, for it is 
the distance covered between the end of one business 
day and the beginning of the next one that gives air 
travel its greatest advantage over other forms of trans¬ 
portation. In other words, the movement of material 
and passengers during thfe night conserves daylight 
working hours,*and the greater the distance that may 
be covered in this period, the greater the benefit 
realized. 

Thus arises the problem of providing adequate light¬ 
ing that will permit after-dark operations at our air¬ 
ports and alon^ our airways. The author advances no 
original’ideas for the solution of thbf problem, hut 
merely outlines the practise followedat the present 
time in lighting and marking airports and airways for 
night flying. 

1. Application Engineer, Illuminating Engineering Lab., Gen¬ 
eral Electric Co., Schenectady, N. Y. * • 

Presented at the Regional Heeling of the Middle Eastern District * 
of the A.I.E. E., Cincinnati, Ohio, March ^0-ZS, 19S9. Complete 
copies upon request. 


Airways 

An airway is defined by the Department of Commerce 
as “An air route between air traffic centers with landing 
facilities at intervals equipped with aids to air naviga¬ 
tion and communication system for transmission of 



AIRWAY UNDER MAIL CONTRACT 

AIRWAY UNDER MAIL CONTRACT BUT NOT YET OPERATING 
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Pig. 1 ^Airway Map op the United States Showing Routes 
Light&d and to be Lighted 


information pertaining to the operation of aircraft. 
The term 'airway' may apply to an air route for either 
land planes or sea planes, or toth." Under the Air 
Commerce Act of 1926, the Secretary of Commerce has 
authority to establish and maintain civil airways 
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Operate and maintain intermediate landing fields, 
lights, signal and radio direction finding apparatus and 
other structures and facilities (excepting airports) used 
as aids to navigation. In fulfillment of this obligation, 
the Department of Commerce has established along 
the airways, beacon lights at 10-mi. intervals and emer- 
gency.landing fields at*30-mi. intervals. 

The beacon (Fig. 3) consists of a 24-in. revolving 



Fjc. 3-?Airport Beacon- Coxforuinq to Department op 
Commerce Specifications 

incand^ent searchlight‘equipped with a 1000-watt, 
. llo-volt lamp and mounted on a steel tower. Auto¬ 
matic lamp changers are piwided to replace a bumed- 
»out lamp with a new one held in reserve. The beacon 
‘I® by two “course” lights consisting of 

oOO-watt projectors, one facing in each direction along 
the airways. The course lights are flashed by a 
mechamsm integral with the beacon mechanism and 
s>nclwnized to flash the course light opposite to the 
petition of the beacon along the airway. The flashes 
indicate in code the number of the beacon, and thus, to 

liSt? aJi. the airway. These coiirse 

hghts are eqiuped with red lenses where no landing 

field IS available and a yellow lens where there is I 

1STfields are equipped 
with a bracon, lUuminated wind cone, boundmy^L- 

proach and obstruction lights unoary, ap- 


Airpoets 

The Department of Commerce inquires that an nir 

SITES'™'” “2 

Obstruction lights 
Hangar floodlights 


f. A ceiling proj'ector 

g. Landing area floodlighting system 
Items (a) to (d) inclusive must operate all night. 

The function of the beacon is to mark the airport 

from distant points. In ordertoaccomplish this purpose 
effectively, a light must be suflSciently distinctive to 
contrast with surrounding lights; itjhust have a distri¬ 
bution which mak^ it visible at all points on ,]the hori¬ 
zon and nearly to the zenith, and be of sufficient beam 
candle-power to cany great distances. 

In order «to carry out the policy of indicating the 
landing conditions at beacons along the National Air¬ 
way System, it is recommended by the Department of 
Commerce that a green flashing auxiliary beacon be 
placed above the prindpjd beacon to indicate that there 
is an airport at that location. 

It is very essential that the pilot wishing to land be 
apprised of wind conditions on the field. The wind 
cone is perhaps the most generally used device for 
giving this information as it not only indicates the 
direction of the wind but also an approximate idea of 
its yelocity. A method Ojf lighting a wind cone (Fig. 



Fio. 


4-Wind Cone Mounted on Roop op HANOAn Showing 
JmLbthod of Lighting 


4) consists of fout' loo-watt lamps in deep bowl porce 

wind c^T ““^:?PP’’?“n'ately 6 ft. above th. 

obstruction light is placed on the toi 

tuil' drnTiiS^ ^ ®°^sists of a Struc 


b. 

c. 

d. 

e. 
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tee and • reflectored” so as to throw the light on the 
structure and shield the direct light from the eyes of 
the pilot. 

The extent of the field is made known to the pilot by 
meaM of light sources placed around the border of the 
landing area on approximately 300-ft. centers. A type 



PiQ. 5 — ^WiND Tub 

A wind direction indicating device Slumlnated by means of reflectored 
lamps on top of tee 

of unit used for this service (Pig. 6) consists of a 
weatherproof housihg and etched clear globe PTK>lniBiTig 
j, 600-lumen (60-c.p.) 6.6-ampere series lamp or a 25- 
watt multiple lamp. ^ 

A green globe*is substituted for theclear, etched globe 
used on boimdary filings to serv§ as range lights for 



Fio. 6»—A Form op Botjndart Ligett J^vipfes with 600- 
Lumen C.B-Ampehe Series Inca^^I^scent Lamp 

runways, or as markers for* the most advantageous 
landing directions. Obstructions on or in the vicinity 
of the airport are marked with red light? placed at the 
highest, point of the structure. It is also the practise 
at some airports to make obstructions visible to the 
pilot by floodlighting them. This is found particularly 
advisable in connection with the hangars for in'additiom 


to making the buildings visible, it makes evident their 
height, and in this way gives the pilot a measure of Jii- 
aJtitude. oSuch a systeirf of lighting also provides 
illumination at the aprons of the hangar for the movps 
naent of planes and illuminates any signs or markings 
on the roof of the hangar. The illumination intensity 
recommended for hangar exteriors by the Department 
of Commerce is 2.5 foot-candles. 



Fig. 9—Typical Forms op Airport Floodlighting 
Equipmbnt 

A. Incandescent Airport Floodllghj^. A 24 in. projector with chromium 
plated reflector and 45 deg. spread Ions designocl for use with 1500 watt and 
3000-watt, 32 volt incandoscent lamps. 

B. Incandescent Airport Floodlight. Unit equipped with glass ro-’ 

fleeter designed to deliver a 180 deg. spreiul of light in the horizontal and 
limit the vertical spread to a few degrees. Lamp used may be either the 
5-kw., 110 -volt or 3000 watt, 32-volt Incandescent lamp ^ 

C. Incandescent Airport Floodlight. Unit equipped with 25-in.'» 
mirrored glass reflector and spread convex heat-resisting lens of approxi¬ 
mately 40 deg., 50 deg. or 80 deg. horizontiil spread. Unit takes either 
the 1600 watt, 32 volt or 3000 watt, 32 volt Incandescent lamp 

D. Incandescent Airport Floodlight. Unit equipped with two 5-kw.'’ 
or lO-kw. Incandescent lamps, eacli in focus of 24 In. parabolic reflector! 
Beam spread in horizontal plane to about 80 deg. by diverging roundels. 

E. Incandescent Airport Floodlight. Unit equipped with 14-3000-watt 
32-volt incandescent lamps in the focal axis of a parabolic trough reflector 
The horizontal spread is 180 deg. 

F. Airport Arc Floodlight. Unit equipped with a 150-ampere high 
intensity arc mocbaiiism In the focus of a 21 elemont Fresnel leia. The 
horizontal spread is 180 dog. The 5-kw. or 10-kw. incandescent lamp may 
also be used with this unit. 

G. AliTort Arc Floodlight. Unit equipped with an 18-Iu. glass para¬ 
bolic mirror and two front door glasses, one with clear glass and the other 
with 80 deg. spread lens. The spread iens may be swung back and the 
unit used as a high powered celling projector or as an auxiliary beacon. The 
lamp mechanism is automatic, operating at 65 amperes on a line voltage 
from 80 to 125 volts direct ciurrent 

A beam of light tas been found useful in determining 
the height of ceiling. The beam is directed on the 
clouds at a fixed angle and by sighting at the spot on 
the clouds from another point the height of is 

determined by triangulation.* 

Whereas the lighting facilities previously referred to 
follow rather definite regulations established by the 
Department of Commerce, a wider range of choice is 
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left to the engineer in selecting a system for the actual 
illinsaination of the field. The Department, of Com¬ 
merce requires for a field entitled to an “A”* rating a 
minimum vertical illmnination of not less than 0.15 
foot-candles over the usable part of the field This is 
the illximination measured on a plane at right angles 
to the field surface an(J is a measure of the value of 
illumination’incident upon the vertical sides of obsta¬ 
cles, grass, etc., facing the source of light. The light 
sources must be located so as to cause the least amount 
of glare in the eyes of the pilot for excessive glare is a 
potential cause of accidents. Needless to say, sim- 
»<• plicity in operation and maintenance, together with 
, reliability, are essential characteristics of the light 
sources. The system employing light sources close to 
the ground has met with general favor and may be 
divided into two divisions; nz., the centralized system 
and the distributed system. In the former system a 
'single large light source or a group of smaller light 
sources concentrated at one point is employed •for 


obtaining the field illumination; in the latter, a number 
of relatively smaller unite placed at two or more 
locations around the landing area are employed. 
The equipment (Fig. 9) used for field illumination em¬ 
ploys both arc and incandescent light sources and a 
variety of optical systems for obtaining a fan distribu¬ 
tion of light. In all cases, the vert^^ spread of the 
beam is restricted to a few degrees and the horizontal 
spread expanded to 45 deg. to 180 deg. 

It is interesting to note a trend toward the study of 
the character, of the field surface with respect to night 
illumination. Obviously, the higher the coefficient of 
reflection of the surface, the greater the amount of light 
reaching the observer's eye. Jxxst as our highway 
executives have found it desirable to mark road bound¬ 
aries and obstacles with white paint to make them 
conspicuous at night, so our airport engineers and 
managers will find the judicious use of light surfaces 
and white paint will greatly assist in the discrimination 
of essential objectives at night. 


Abridgment of 


The Fabrication of Large Rotating Machinery 


BY H. V. PUTMAN‘ 

Associate, A. I. E. B. 


Synopsis,—Thiz paper is not intended as a general treatment 
of the above subject It presents sortie of the more interesting 
experiences of the company with which the author is connected, in 


changing its designs of rotating machinery to employ fabricated 
steel in place of castings. ^ 


W HAT are the advantages of fabricated steel that 
have led to its adoption in place of castings by 
' some of the largest electrical manufacturing 
companies? It is not entirely a matter of cost, for 
while fabricated structures are usually cheaper, many 
show but little saving, and small steuctures of high 
activity are actually cheaper cast. 

Even at the same cost, however, the use of fabricated 
steel may be justified for the following reasons: 

1. The possibilities of future cost reduction are 
greater because the fabrication of steel is a compara¬ 
tively new art, while the cost reduction possibilities of 
the cast construction have been largely exploitei 
through many years of manufacturing e^qserience and 
development. 

2 . The elimination of patterns is a clear gain. This 
is of greatest value in large special m^hines where only 
a single unit is made. It applies also to large bedplates 
where tha*e are few exact duplicates and where, with 

1. Section. Engiiieer, Synakronous Motor Section, Westu^- 
house Electric & Manufacturing Co., East Pittsburgh, Fa. • 
Presented at the Begioned Meeting of the Middle Mastern IHstria 
of (fee A. I. E. E,, March SO-SZ, 19S9. Complete copies upon 
request, , 


castings, continual pattern changing was necessary. 

3. The fabricated steel design is flexible. A large 
number of different structures can be made from a 
limited number of parte by welding them together in 
different combinations. Minor changes are easily 
made; greater strength may be obtained when required by 
additional structural mmbers. 

4. Shorter deliveries are pbssible because, wth the 
foundry and pattern problem eliminated, the whole 
manufacturing process can be done in one shop, thus 
permitting greater coheenteation of responsibility in 
the manufacturing organization, a most important 
factor contributing to short deliveries. 

5. The saviM in weight is a valuable feature— 
especially in tudl^e gen^tors and in all machinery 
used on shipboard. ’ Some of the largest turbine genera¬ 
tors can now be shipped with armature coils and lami¬ 
nations completely assembled. This not only elimi¬ 
nates the necessity of assembling coils and laminations 
^ the customdFs plant, but ma,kes it possible to test 
these large machines for losses before shipment. 

6 . Fabricated steel structures are often better 
t^ian those which were cast. There are many sales 
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«hen it was 

Mrt t f fh • * r j • turned over to the Test Department for complot® 

Most Of these points wete listed in the beginning as engineering; tests. These i«btors are among the largest 
economic advantages of fabricated steel before the in physical dimensions ever built for an industrial drive, 
decision to adopt it was made. Already the truth of The fabricated steel construction, together with a com¬ 
pletely equipped fabrication shop, ihade this extremely 
short delivery possible. * • 




Fia. 1—5000 -Hp., 82-Rbv. Per Min. SYNCHEONOtre Motoe 
POE Steel Midlb Drive Assembled fob Test 

rnese statements is .Jieing demonstrated. New ma¬ 
chines, comparable with the best machine tools, are 
being built tp facilitate the practical application 
•of the arc welding and gas cutting arts to quantity 
production. 

The 'possibility of short deliveries was recently 
demonstrated in connection with an order for two 



Fig. ^5—Typical Fabricated Upper Bracket fob Vbkti<;ae. 

Waterwheel Generators ' 

Some of the special problems encountered by the 
Engineering Department in redesigning the various 
lines of rotating machines are of interest. One prob¬ 
lem was to get designers to think clearly and with an 
open and unpredjudiced mind about the fundamental 
design problems of fabricated sted. Incidentally, 
much new thinking was done about the old deigns in 
cast iron, and it was discovered that cast structures were 
designed as they were—not because of the requirements 
of the structure or the machine, but because of the 
requirements of foundry practise or the machine tools. 
Such a conclusion seemed so obvious as to be almost 
axiomatic, but a consideration of it helpdi to establish 
a new basis of thinking for the -new design work in ' 
fabricated steel. 

It was determined that all knowledge of cast Resign 



Fig. 2—Typical Low-Speed Synchronous Motor Stator 
WITH Fabricated Rotor in Place 


5000-hp.,- 82-rev. per .min. horizontal* synchronous 
motors for steel mill drive, the first of which was * 
delivered in ninety dasrs and the second ten days later. 
Mg. 1 shows a pipture of the first machine, just 82^ 


Fig. 6—Typical Lower Bracket for Vertical Watbu- 
Whebl Generator 

should be put aside and even the appearance forgotten 
in an effort to make new designs with open, unbiased 
minds. The requirements of each machine or structure 
were determined; then a stud|r made of the structural 
materials, plates, bars and beams, to see hbw these 
materials could be best employed to meet these 
requirements. 
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• Tu to be a definite reason for each step taken 

ip. the desi^ work. As a result, the new designs were 
f^d to be radicaUy difjerent from previous cast 
^tructur® and usually, much simpler in construction 
^y sayings were found to depend on the simplicity of 
desi^ and its'general suitability to the use of 
struchiral materi^sC '* 

The design of the different lines of fabricated 


r>r 



Joymal A. L B. 

A 

abiUty to structural materials. Rgs. 5 and 6 show 
A ^ brackets and Fig. 7 a complete vertical marhiny , 
pother excellent example is the frame construction 
o the new line of 3600-rev. per min. turbine generators 
shown m Figs. 8 and 9. This frame is built up of 
plates spaced periodically along the core. These plates 
support the frame bolts on which the punchings are 
stacked and at the same time provide the necessary 
^ passages re-entrant ventilating system. Except for 
^ng the end plates which receive the punching bolt,s 
the whole sijructure is produced by the torch arc welder, a 
and the bending rolls and presses in the-structural shop. 


A Vertical 'Waterwheel Generator, 626- 

V A., 2400-yoLT, Three-Phase, 60-Ctolb 200-Ret. Per Min. 

mac^es is now completed and it is interesting to see 

followed out in different 

The construction of the smaller synchronous 
motors and generators having the core stackS on bolts 
betw«> two frame rings gas cut from steel plateZd 

-X- 



Fio. 9—9500-Kv-a. Turbo Generator Absbmblor 
TOR Test '' 




Fig. 8-«500-Kv.a. Turbo Generator Showing Fabricated 

RAMB CONSTBUCTION *' 

left o^n m the back is now well known. It is a radic^ 
itTa^^^T “ appearance but 

even better than did the cast construction. Pig. 2 

KrilS® generators, the upper and lower 

because of their radical 
departure from similar cast structures and their |uit- 


Fig. 11—General View op New Fabrication Shop 

A plate on the back serves as a cover to the air passages 
and ei^ds over the armature winding on each end 
whwe It meets tte pressed steel end bells^hat arp bolted 
to it. This strC^ture is peculiar, in that while it is 
^cially adapted to the fabricated steel construction, 
Me completed machine,can hardly be distinguished 
trom the previous east structures. 

Anotter problemcof the engineering department has 
.been the appearance problem."- While some of the 
fabncated machines resemble closely their cast iron 
predecessors, many of them are radicaUy different in 
appearance. It is a fact that what looks good to one 
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is simply a matter of what Jie is accustomed to. If 
one is accustomed to looking at cast machines, they 
look best, but as fabricated machines become more 
familiar they improve in appearance. What»appears 
radical today seems commonplace tomorrow. 

This was especially Irue in the case of fabricated H 
beam bedplat^. Because of their, appearance, they 
produced considerable unfavorable comment at first, and 
OTme customers actually refused to have them. But 
* it is a fact that HJieam bedplates are really better bases 
than cast bedplates. The U section of the cast bed¬ 
plates, with its smoothly rounded comers, was not 
dictated by any requirement of the structure, but they 
^ were made that way so that the pattern could be pulled 
more easily from the sand. The idea of grouting bed¬ 
plates into the top originated with the fabricated bed¬ 
plate and when so grouted,-* its appearance is equally 
as good as that of the cast bedplate. It is just as 
natural to grout a fabricated bedplate into the top, as 
to set a cast base above the floor line. Architects are 
realizing this and are desig^ng the floors of power 
hoxises and motor rooms with recesses to receive the 
bedplates, so that after the grouting is done, the floor 
covering can be placed flush with the top of the bed¬ 
plates. And today, no one hears a word of criticism 
regarding the appearance of fabricated bedplates, and 
very little indeed, regarding the appearance of fabri¬ 
cated machin^. , , 

' Round comers and sweeping curves are descriptive 
of cast’structures. and qast machines. Flat sxirfaces, 
square oartiers, and abrupt lines are equally descriptive 
of fabricated machines. It is only a matter of rimA 
when they will, appear equally attractive; in fact, the 
straight line and the square comer have already come 
into prominence in the design of modernistic furniture, 
lighting fixtures, and decorations. 

The major problem of the manufacturing department 
was the construction of a new fabrication shop. Fig. 
11 giv^ a generaf view of the shop. The largest piece 
of equipment is a vertical bending roll for rolling into 
circles the frames of d-c. machines and the spider rims 
of a-c. machines. Tho-e is also a 1000-ton crimping 
press for putting an initial bend in the ends of the slab s 
to facilitate starting them in the rolls. A large furnace 
which -srill take slabs 37 ft. long is provided for heating 
the slabs preliminary to rolling, and also for annealing 
completed stracstures. An approach table is provided 
for carr 3 dng the slabs from the fumac^^fe the crimper 
and the bending roUs. The furnace,'Approach table, 
crimper and bending rolls are all controlled from a 
single pulpit located nesm the rdUing mill. 

Other pieces of equipment include a flange press for 
forming the pressed steel end bells for*turbine generators 
and a short blast room capable of receiving the largest 
completed fabricated stmctures. Here, all fabricated 
structuresareshot ballasted before going to theassembly 
section. Every hit of rust and scale is removed so that * 
when paint is applied to the surface there is no danger 


of its chipping or scaling off, because it has been applifed 
to a surfacb 100 per cent cldian. 

--- - , * 

MORE EFFICIENT HYDRO PLANTS 

One of the most interesting ffeatur^s in the work of 
hydro-electric development has been the persistent 
endeavor to utilize to the fullest extent the potentially 
available energy of the water flow.. Performances of 
mechanical equipment have been so consistently im¬ 
proved that for a given head and volume not only are 
the water-wheels designed for that service of remarkably 
high efficiencies but the products of different manu¬ 
facturers come exceedingly close to duplicating results. 

There has, comparatively recently, Ueen a notable 
increase in the movement to utilize full stream flow by a 
series of generating stations located along the river 
course. The development of the Catawba River in the ’ 
Carcdinas by the Duke Power Company is representa¬ 
tive of this "chain” planning, Oxford station being 
operated, to all intents and purposes, from the tailrace 
of the Rhodiss station and discharging into the pond 
of the Lookout Shoals station. The Chippewa Falls ’ 
plant of the Northern States Power Company of Wis¬ 
consin follows a similar trend, being operated with the 
WisMta development, two miles upstream, in con¬ 
nection with storage reservoirs. Seasonal variations 
have, however, led to a further development at Cl^pewa. 

By providing six comparatively small units at the, 
Chippewa Falls plant it is possible to load the various- 
machines to the point of ijiaximum efficiency. In 
order that this eflidency may be maintained under 
•varying conditions of operation, the propeller-type * 
machines have been provided with movable blades 
whose pitch may be changed to give maximum efficiency * 
for any gate opening or maximum output for any varia- ’ 
tion of head. This is a most interesting phase of 
hydraulic power development and should, if proved in 
service, be important in the future design of low-head 
plants. Steam stations have no monopoly of the 
economical features of good generating practices.— 
Electriedl World. 

■' ’ ————. • 

LIGHT UP HOUSE NUMBERS ABROAD 

Stockholm homes are to have illuminated street 
numbers this year, according to a report from the 
Swedish capital. Electrical experts have been asked 
to draw up plans for the necessary -vriring, and the 
municipal authoritira are expected to act upon them 
in the near future! The Stockholm Rent Payer's 
Association has gone on record as being highly in favor 
of the project. 

^ Compulsory illumination of house numbers has been 
suggested in Stockholm before, but it was nut until 
city doctors and cabmen began complaining of the 
^difficulty of finding the right house number after dark 
that U "rigorous campaign for lighted numb^ was 
begun.— Tramactions, I. E. S. , 












Electrical Features of the Kansas City 

New Water Works 

BY ALBERT L. MAILLARD 


Synopsis.—Thif paper describes the main electrical ieatures of 
the new works recently constnieted for additional water supply for 
Kansas City, Missouri. It enumerates the chief features of the 
power contract under which the city is purchasing its power. It 


U NTIL comp^tively recently standard water¬ 
works practise was confined almost exclusively 
to the j^Iung^ type of pumps driven by recipro¬ 
cating engines. They afforded ‘economic operation 
over a wide range of conditions, but the fioor space 
requirements and the capital investanent were con- 
•sid^ble. When it became expedient, in inany cases, 
tq install additional pumping capacity in a limited 
space and with limited funds, the turbo centrifugal 
pump received Recognition. Its successful performance 
. payed the way for electric motor centrifugal pumps 
which offered still further economies in capital invest¬ 
ment. ^ At the time when Kansas City was formulating 
its decision on the important question of steam-turbine 
or electric motor centrifugal pumps, standard prac¬ 
tise, esp^ally in the case of high-head pumpage, was 
strongly in favor of the former. In fact, of the thirty- 
five largest citi^ of the United Stat^, only two or three 
used the electric motor as a prime move*, and one of 
these operated on "o^peak” power using storage 
reservoirs. Inasmuch as Kansas City is on a direct 
pumpage basis and cannot avail itself of the benefits 
of “off-peak” power rates, conditions are not exactly 
comparable. 

Another factor which militated against electric drive 
in Kansas City was the fact that the city would be 
totally dependent, for its vrater, on purchased electric 
power with all the hazards, real and imaginary, that are 
involved in seven or eight miles of feeder lines, in addi¬ 
tion to other likely causes of service interruptions. In 
consequence, the electrical layout had to be such as to 
giye maximum assurance of continuity of service but 
still be kept within limited capital investment since the 
latter was one of tiie chief assets of dectric drive. Inas¬ 
much M a comparison of over-all costs, that is, fixed-and 
operating charges, between steam and electric drive was 
made, it was necessary to have low power rates to offset 
increases in fixed charges. 

Power ContimlC!t 

At this stage it might be interesting to discuss the 
power contract between the city ^d the local public 
utility whic h contmns seme unusual features and which 

I. Counting Enginwr, Kansas City, Missouri. • 
PresetUed at the Regional Meeting of the South West District 
No. 7, of the A. li E. E., Dallas, Texas, May 7-9,1999. Printed 
complete JierHn^ . • ♦ 
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states the type and capacities of the majoreeleclrical equipment and 
touches briefly on th^ wiring and lighting systems. ^It does not 
treat the ejfldencies or the costs of the equipment. 

-—-^— <f 

had some bearing pn the selection of the type of equip¬ 
ment chosen. Some of the outstanding features of the 
contract are these: « 

1. That the city Shall have first call on the power 
plants of the company. 

2 . That no substations shall intervene between the 
pumping stations and the power plant, 

3. That duplicate feeders of very liberal capacity 
shall connect the stations with the power plant by two 
separate and independent routes. 

4. That no other consumers shall be served by these 
feeders. 

5. That the “off-peak” demands be calculated on a 

monthly average of daily half-hour peaks rather thTan 
on an individual half-hour. '' 

6 . That peak demands due to large fires, or emer¬ 
gency due to br^kage of large Imains, etc., not be con¬ 
sidered in establishing the maximum demand.' 

^ 7. That the peak months of water pumpage— 
viz.—June, July and August, not be considered in, 
establishing the maximum demand but be treated as 
individual months. 

8 . 'Kiat a credit or debit be allowed or charged 
depending on the cost of fuel relative to a certain base' 
price. 

9. That a reduction in the demand charge be made 
based on 80 per cent power factor.* Maintenance of 
100 per cent power factor reduces the demand charge by 
20 per cent. 

The following are the rates: * 

Demand Charge: 

$1.56per month per kw., plus $3000.00 p®* 
month to cover charges on feeder lines. 
Energy Charge: 

$0,007 pt:^kw-hr. until the demW at .the high- 
lift i^tation exceeds 2800 kw. 

$0.00676 per kw-hr. until the demand at the high-lift 
station exceeds 4250 kw. 

$0.0066 per kw-hr. until the demand at the high-lift 
.station exceeds 6600 kw. 

$0.00626 thereafter. 

The life of the contract is twenty years but if may be 
terminated upon the giving of due notice by the city 
should the company fail to give firet^dass service. 
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Choice op Motor Equipment 

At the low-lift stations the range of head was very 
wide and since better pump efficiencies could be ob¬ 
tained with a change in speed, the two windlhg motors 
recdved considmible thought. A more careful ex¬ 
amination of the* head fluctuations disclosed the fact 
that the extremes in head variation occurred during 
only 20 per cent of the time. Based on the narrower 
limits of head variation, it was decided to use synchro¬ 
nous rather thap two-winding induction motors. The 
former had the advantage of better efficiencies during 
80 per cent of the time, better power factor at all times, 
less operating complications and slightly less cost; while 
the latter afforded better pomp efficiencies for 20 per 
’ cent of the time. Besides, synchronous motors would 
raise tie power factor made low by the many small 
induction motors in the punflcation works. The power 
factor clause in the power contract was a determining 
factor in the decision. 

Accordingly, unity-power-factor, synchronous motors 
were Elected for the low head stations and 0.8 power 
factor (leading) motors for the high head station. 

OuTDOoti Substation Equipment 

Power for the low-head stations is bought from the 
Kansas City Powers Light Company at 13,200 volts 
amd is transformed to 2300 volts in an outdoor substar 
tion which is the property of the city. Two feeders, 
one gverhead and the other undergroimd, «erve the 
station” by two separate routes. The substation 
equipment comprises two 2600-kv-a. banks of trans¬ 
formers connected delta-delta. Each transformer is 
rated 833 kv-a., 13,200/2300 volts, single-phase, 60- 
cycle. These capacities were chosen on the basis that 
when overloaded 25 per cent one bank would carry 90 
per cent of the ultimate load. Transformers are 
equipped with oil conservators and thermometers. 

• The two incoming f§edas form a loop and are pro¬ 
tected by directional relays. The overhead line is 
provided with a hairpin, loop and oxide film arrester. 
Each 6ank of transformers is controlled by an oil circuit 
breaks on the high-tension as well as on tiie low-tension 
side and is diffwentially protected. A tie-line breaker 
on the high-tension side provides flexibility while the low- 
tension side is connected to a bus which is sectionaJized 
by disconnecting switches. From this bus-four feeders, 
two to eachr station, supply tiie low and secondary 
station. Each station is fed from Jjimb sections of the 
bus. . 

The oil circuit bresiker equipment comprises three 
400-ampere, 25,000-volt and two 1200-ampere, 15,000- 
volt breakers, tiie latter of which are enclosed in switch 
houses. All breakers are hand operated with d-e. 
automatic trips. The direct current is furnished by a 
portable battery located in a meter house and connected 
to a battery charger. I 

At this station the power is metered on the high- 
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tension side. Duplicate sets of metering transformers, 
one for •the company jj&id the other for the city, 
are installed on the structure. Duplicate sets of meters 
^e located on the switchboard in the secondary pump¬ 
ing station. The metering equipment consists of 
recording demand and power-faeto?" meters and inte¬ 
grating watthour meters. 

Low-Lift Station 

Water is pumped from the Missouri River to the 
purification works, about 2000 ft. away. The pumping 
station in which this initial pumping is done is known as 
the Low Lift Station. Each of the four main pumps in ^ 
this station is driven by a 400-hp., unity power factor, 
s3mchronous motor operating at 2300 volts, three-phase, 
60-cycle, 360-rev. per min. The excitation for these 
motors is supplied by two 30-kw. motor-generator sets. 
Each set* is capable of furnishing excitation for five' , 
400-hp. motors. These sets may be used for lightipg in 
case of failure of the lighting transformer. 

The control for this equipment comprises a fourteen- 
panel switchboard on a gallery floor 28 ft. above the 
pump room floor. A mechanical remote-control system 
through bell cranks and pull rods operates the oil circuit 
breakers which are supported on a pipe framework and 
are located on another gallery 12 ft. below the switch¬ 
board floor. 

The main bus is sectionalized by two qil circuit 
breakers. In the section between these breakers there 
is connected a station service feeder which serves power, . 
lighting, and heating trg,nsformers. Each outside 
section of the bus is fed by an incoming feeder, each 
feeder having the capacity of the entire station. One 
section serves two motors, while the other serves the 
remaining two motors and the future unit. • 

Motor starting is accomplished by means of compen¬ 
sators and a starting bus. This bus is sectionalized by 
disconnecting switches, each section being served by a 
compensator. Each compensator is of suflScientcapacity 
to permit of four starting operations within 10 min. 
without excessive heating of the compensator. In this 
station there are eleven 600-ampere and four 400- 
ampere, 7500-volt oil circuit breakers. • 

Auxiliary power for operating vacumn pumps, sump 
pimps, motor-generator sets, crane and gate valves in 
this building as well as the revolving screens in the 
intake building is obtained from three 25-kv-a., 
2300/230-volt transformers connected delta-delta. The * 
lighting transformer is rated at 16 kv-a., 2300/230/115 
volts. • 

Both the intake building and the low-lift station are 
heated electrically and are served by a 150-kv-a., thre e 
phase, 2300/230-volt transformer. Industrial oven 
type, 220-volt ribbon elemeift heaters suitably mounted 
and backed with reflecting and insulating material and 
provided with grill work in the front are placed along 
thf gallery in a manner similar to steam radiator prac¬ 
tise. In most locations two elements are used to form 
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one- radiator but they are individually controlled by 
local switches so that flexibility in controlling the heat 
may be obtained. All the transformers in this station 
are controlled by one oil circuit breaker but are pro¬ 
tected by individual S & C fused disconnecting 
switches. 


Secondary-Lipt Pumping Station 
After the water has been purified it is pumped to 
reservoirs at the high-head stations. This being the 
second stage of pumping gives to the station the name 
^ of secondary lift pumping station. The pumping 
capacity of this station is the same as that of the low- 
lift station and since the heads are about equal, the 
electrical equipment is a duplication .of that at the low- 
lift station. In addition to the main p umping units 
and the vacuum pump motors there are three 75- 
.hp., 2300-volt,' 1800-rev. per min. motora dri'ving 
wash water pumps, two 60-hp., 2300-volt, 1800-rev. 
per inin., and two 25-hp., 220-volt, 1800-rev. per min. 
motors dri\ing jiouse service pumps. The 75-hp. 
motors are controlled by automatic “across-the-line” 
contactors and push buttons. Each motor may be con¬ 
trolled from any one of three points. The 60-hp. 
motors are started across the line by closing tiie oil 
circuit breaker. The 25-hp. motors are controlled by 
starting compensators. 

In addition to these pump motors all the power used 
in the chemical house, chlorine house, filter house, 
Dorr clarifiers, and the lighting for all these building 
and the grounds are controlled from the switchboard in 
the secondary-lift station? In the chemical house 
there are about 150 hp. in motors ranging in size from 
14- to 50-hp. Four 7H-hp. motors operate the Dorr 
clarifier mechanisms. 

• The switchboard comprises 21 panels and the system 
IS that of mechanical remote-control, with the main oil 
circuit breakers and bus located on the lower floor in a 
switch-room beneath the switchboard. The starting 
bus, its compensators, and oil circuit breakers areloca'ted 
at the back of the switchboard. The busses are sec- 
tionalized in a manner similar to those at the low-lift 
station, but between the sectionalizing breakers there 
^ two feeders, one for power and one for light. This 
building is not electrically heated. In the chemist’s ’ 
laboratory, however, there are ovens, sterilizers, rrfrip- 
erators, distill^, etc. Another small difference be- 
twwn this station and the low-lift station is that the ‘ 
field rh^tate for the main motom are electrically con- i 
Wed m this station. The Se-iii. disehm^ valves in i 
both stations are electrically operated. i 

and four 400-am. ' 
pere^ 7500-Yolt oil circuit breakers in this station. ^ 

The au^liary powa- fransfonners comprise tiiree I 

^ 75-kv-a., 2800/230/11&! ^ 


y Lighting and Wiring 

Lighting in almost all the buildings is laid out to give 
at the working plane an intensity of six foot-candles 
exclusive^f a liberal allowance for dust and aging of the 
S lighting units. In the filter galleries, this intensity i.s 
maintained but over the filters and ift the pipe galleries 
a lower intensity isjised. A generous numbe(;of wall 
3 receptacles is installed. Gla.ss and fancy fixtures are 
5 omitted, porcelain enameled steel reflectors being used 
5 instead. The installation is substantigil and put up to 
j stay for many years. Galvanized irofl conduit and 
. condulets are used throughout. Wire is 30 per cent 
5 para, double braided, except in damp places where triiile 
braided weatherproof wirens used. WaterpVoof fixtures 
j are used in such places. * 

Around the uncovered basins flood lighting projectors, 
standing two feet above the. gpround, are used. Thi.si s 
done to reduce the number of bugs which swarm around 
lights, die, and fall in the water. At each flood light 
location there are three waterproof condulets, one for 
connecting the projector, Another housing a switch for 
controlling the projector, and the third, a receptacle. 
The receptacle permits the concentration of more than 
one projector at a location during pdk'iods of cleaning of 
the basin. The projectors are fed by armored cable 
laid from 12 to 18 in. in the groui),d. At various man¬ 
holes, lights, switches and mceptacles are located and 
connected to the qgme cable system. About other 
parts of J;he purification works, there are distributed . 
lighting st^dards for general iEumination. Along the 
roads leading to the pumping station there are similar 
st^dards. They are all connected to a series .system 
which is served by a constant current transformer in the 
secondary-lift station and operated at 6.6 amperes. 

Power Cables 

All power cables are insulated with varnished cam¬ 
bric and are lead covered where they are installed in 
pump-rooin floors or otho" plac^ that are likely to be 
^p or flooded with water. Standard' 5000-volt 
msidataon is used on 2300-volt circuits and 17,000-volt 
°”,/^'200-volt circuits. On 2300-v51t cir- 

S!control wiring 
for the East Bottoms Station is lead covered. 

Underground Cable System 
Be^een Je outdoor substation and the low- and 
^ stations as well a§ between the 

chemical 

housM tte feedem are three conductor, varnished 
cambric insulated, lead covered cables installed in fiber 
ducte surrounded by a concrete envelope. Cables vaiy 
® ^ ^®0'®00 circular mS. 

^ fisquent 


f East Bottoms Stations 

^ The new elecWcally operated high-head station 
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known as the East Bottoms Station and is located about 
five miles from the purification works. The present 
main motor equipment consists of two 2000-hp,, 0.80 
power-factor (leading) 13,200-volt, three-phasg, 720-rev. 
per min. motors equipped with direct-connected exci¬ 
ters. They are provided with temp^ature detectors 
and enclosing bell*ends. The station is planned for six 
such motors. 

The switchboard comprises 14 panels at present but 
m will ultimately be expanded to 21. The system is that 
of electrical remibte control, some operations being per¬ 
formed by manually operating t^ control switches 
while others are automatically controlled by relays and 
interlocks. ’The front of tjie switchboard faces the 
. pump room, while access to the back is had from the 
switch house. All busses and switching equipment, oil 
circuit breakers, instrument transformers, compensa¬ 
tors, etc., are enclosed in a monolithic concrete cell 
structure. 

The station is fed by two 13,200-volt lines direct 
from the public utility's power-house bus. Ultinaately 
there will be four such feeders. The main bus in the 
station is in duplicate but may be made a continuous 
bus by use of a tie*breaker at one end of the bus struc- 
^ture. Indicator lights are located over the discon¬ 
necting switdh compartments of the cell structure to 
show ttie positidn of the controlling oil circuit breaks. 

The oil circuit breaker equipmeijt comprises one 600- 
. ampere, and seven 400-ampa‘e, 16,000-volt units each 
rate<f ^14,000 r. m. s. amperes at 15,000 volts, and four 
400-ampere, 15,000-volt units each rated at 1600 
r. m. s. amperes at 1600 volts. All but two breakers 
are of tiie phase per cell- type. The breakers are all 
solenoid ‘operated and the control current is supplied by 
a storage battery. A small motor-generator set fur¬ 
nishes the trickle charge for the battery. 

Motor starting is accomplished by compensator and 
i^jbarting bus as in the other stations but in addition 
neutral break^ provfde a smoother transition from 
starting to running voltage. Motors have 85 per cent 
pull-iir torque and full voltage is applied before the 
field circuit is closed. 

At this point, the sequence of operations in starting a 
motor mig^t be interesting. First, the neutral breaker 
is closed by closing its control switch, which operation 
automatically closes the compensator breaker. Next, 
the starting, breaker control switch is closed. An 
accdeiating relay controls the n^ As it closes, 

it trips tiie neutral breaker which in turn closes the 
running breaker. The field breaker control switch is 
then dosed and the compensator breaker control switch, 
which is the same as the neutral breaker control switch, 
is opened, which automatically tri]^ the Parting breaker. 
If the fidd breaker be not dosed within ten secon<l5 
after closure of the running breaker, tiie field failure 
rday trips the running breaker. This time limit h|s 
been set on account of hydraulic conditions. 
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With the closure of the running breaker, a solenoid 
valve on^the automatic eheck valve is closed. This 
will be described more fully later. Due to the fact 
that this solenoid valve closes only after the running 
breaker is closed, the motor “pulls in’’ against a closed 
discharge because the eheck valve cannot open while the 
solenoid valve is open. This reduce the required pull- 
in torque of the motor. 

In this station there is a 30-kw. motor generator set 
which is capable of performing four important functions. 

It can supply excitation for any one or two of the mnin 
motors. It provides a source of direct current for 
lighting; it can give a full charge to the battery; it pro- ' 
vides current for the control circmt while the battery is ” 
out of service or bdng charged. '* 

Auxiliaries are fed from a bank of three 25-kv-a., 
13,200/230-volt transformers. Ligh ting is supplied by *. 
a 25-kv-a., 13,200/230/115-volt transformer. Emer-' 
gency lights are fed from the battery and go on auto¬ 
matically whenever the lighting transformer is out of 
service. » 

The description of this station would be incomplete 
without a word about the automatic stop and check 
valve. It opens and doses automatically with unbal¬ 
ance of hydraulic conditions in the valve. The neces¬ 
sary unbalance of hydraulic conditions may be con¬ 
trolled by a solenoid-operated valve in the blow-off line 
of the main valve. The solenoid circuit is ii^terlocked 
with the running breaker and a control switch on the 
switchboard is inserted in the drcuit. With the . 
closing of the running breaks the solenoid valve doses 
and permits the main valve to open as soon as the pres¬ 
sure on the pump side of the valve becomes greater than 
that on the line side. As soon as the r unning breaker ** 
trips out, the solenoid valve opens and the main valvh 
closes. The control switch on the board permits the 
operator to open the solenoid valve circuit, thereby 
opening the solenoid valve, which in turn closes the main 
valve even with tiie pump operating at normal speed. 

The opwation of the main valve may be noted by the 
pressure-gage reading. This permits of the checking of 
one of the most important automatic features of the 
station without disturbing normal operation. ♦ 

The use of 13,200-volt motors and dectric radiators 
for bmlding heating are radical steps in waterworks 
:^ractise. It must be realized that the dty is entirdy de¬ 
pendent upon dectrical power for its water. Moreover, , 
this dectric power is being purchased firom the local 
public utility. It is a great tribute to the reliability of 
dectric public utility service and to tiie electrical 
industry as a whole. 

By a decisive vote, the citizens of Sioux Falls, South 
Dskota, refused to issue $100,000 in bonds for the 
enlargement of the municipal power plant. This is 
considered to be a victory for the Northern States 
Pdwer Company which operates in Sioux Falls. 
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Fused Arcing Hbms and Grading Rings 

Design, Construction, and Operating Experience on 66,000-Volt. 
. Transmission Lines of the Union Gas & Electric Company 

BY PHILIP STEWART* 

» • AssocUte, A. I. B. E. 


Synopsis.—This paper considers the use of fuses on insulator 
airings of high^oUage overhead conductors, to interrupt the arc at 
times of flashover before the line relays operate to disconnect the 
circuit. Consideration is first given to the original development of 
this idea, in which a fuse was connected between the line conductor 
and an arcing ring, attached to the second insulator unit. When an 
** excessive voltage occurs on the conductor to ground, there is a flash 
. between a two-pronged horn on the top insulator unit and the ring. 


The circuit is completed through the fuse, which irltmediately 
opens, breaking the arc. Further consideration is given to a later 
development of the principle, in whicit two expulsion type fuses 
replace the two-pronged horn at the top of the insulator string and the 
arcing ring is placed at the conductor end of t%etstring. Data are 
presented from tests and from experience on about 100 mi. of 86,000— 
■volt circuit, of the Union Oas and Electric Company, Cincinnati, 
Ohio. 


Introduction 

T he general practise up to this time is* to isolate 
faults at the ends of feeders or transmii^ion 
• circuits in trouble. This is done by means of oil 
circuit breakers actuated by relays. Lines and circuits 
so equipped immediately go out of service in case of 
faults. The fused insulator string is a device for 
isolating faults right at the point where the fault occurs, 
interrupting fault current only, and not interrupting 
the useful service of the line or circuit. 


It is very important for the operation of the entire 
system that these circuits 5)e kept in service without 
interruptions. It is especially so on the circviits from 
Columbia to Terminal Station. When these lines 
were built, the insulator^ strings were equipped with, 
flux-controls. Six insulator units were used in each 
string. The first year’s operation was good, but the 
disastrous results of insulator flashovers and line outages 
were evident. 

Original Development * • 


It is now generally considered good practise to provide 
some arrangement of arcing or grading rings or horns, 
at all insTilator strings of important high-voltage trans¬ 
mission circuits. Experience and tests point to this 
means of preventing cascading and possible shattering 
of insulators by flashovers ^used by transient voltages 
•on the line conductors to groimd. The use of such 
devices reduce the time the line may be out of service, 
due to flashed insulators. The development of the 
fused device for insulator strings is an attempt to 
further reduce the interruptions, especially those of 
short duration caused by the line switch opening to 
clear the surge flashover and subsequent short circuit 
which may last for only a few seconds. 

One of the two generating plants iu the Cincinnati 
territory is located at Columbia Park, on the Ohio 
River, about 20 mi. west of Cincinnati. This plant is 
operated as a base load station at as nearly full load as 
possible at all times. The major part of the load from 
Columbia to Cincinnati is carried over fotir 66,000- 
volt transmission circuits carried on two double circuit 
tower lines. These circuits are connected to Terminal 
Switching Station, north of Cincinnati. From 
Terminal Station, two 66,000-volt circuits connect to 
each of three major distribution substations. Two 
circuits also connect to the system of the Dayton Power 
and light Company. 

■■ ■ " ■ m 

1. Union Gas & Electric Company, Cihcimiati, Ohio. ^ 

Presented at the Regional Meeting of the Middle Eastern District 
of the A. I. E, E.f Cincinnati^ Ohio, March 1929, Printed 
complete herein, ^ 


The first arrangement using fuSed arcing rings con¬ 
sisted of a string of seven insulator units and was 
provided with two horns at the •top and* a split oval 
ring below the fifth unit. Fuse clamps were qjounted. 
on the ring and conductor clamp, thus shurytipg the 
two lowest insulators with a fuse. With the fuse in, 
the line is insulated with five units between the line 
and ground. After the fuse has been blown, the in¬ 
sulator will consist of seven units. In this way the 
flashover distance will be increased and it was thought 
that in case a second surge originated near this point 
before the fuse was renewed, the flashover would occur 
at the next adjacent point of support. • . • 

Tests were made with this arrangement to observe 
the peformance in clearing flashovers on the 66,000- 
volt system. All 66,000-volt lines were energized into 
Terminal. The tests were made on a line from the main, 
bus. The insulator string was shimted by a piece of 
small copper wire in order to start the flashover. The 
line was closed in on the shorted insulator by means of 
the station oil dreuit breaker. An oscillograph was 
used in order to^btain the short-circuit*currenis and 
voltages. An average short-circuit current of 2970 
r..m. s. amperes was obtained, with 9000 volts, phase to 
neutral, duringshort dreuit. The 10-ampere37,000-volt 
carbon tetrachloride fuses cleared in one cycle, in each 
case clearing before the relays operated to open the oil 
aircuit breaker. 

Tests were made in the high-voltage laboratory of the 
Genwal Electric Company., In these tests it was 
^tablished that a power arc can be produced by fusing 
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a fine copper wire connected between the arcing rings 
of an insulator string. ' This method of starting an arc 
was used throughout. 

Tests were also made to investigate &e performance 
of the fused rings when subjected to artificial lightning; 
first with a ring'^ade of 1^-in. pipe, then a strap iron 
ring, g,nd in the third case the horns were supplied with 
hemispheres. These three tests gave approximately 
the same flashover voltages and arcing characteristics, 
thereby indic^ng that for this short stjing, grading is 
not so neoe^ary. The average flashover voltage 
determined in these tests was 5?10 i^v. maximum, which 
is the same as the flashover voltage between needle 
points placed the same distance apart. This indicates 
that the voltage distribution on the comparatively 
short string of insulator units does not affect the flash- 
over of the parallel gap„ However, on longer strings, 
grading is necessary, and the multi-gap effect of the 
units biust be overcome. 

Purthffl' tests determined the effect of artificial 
lightning discharge on the^fuse alone. Ten discharges 
of approximately 6000 amperes (maximum) liad no 
apparent effect upon the fuse, due to the exceedingly 
short time during which the current was flowing. This 
.shows that the fuse is probably blown by the follow-up 
current and not bj^ initial current due to the lightning 
discharge. 

• Operating Experience 

In. the spring of 1927, fused arcing rings were in¬ 
stalled on two of the* Columbia—Terminal circuits, and 
four of the shorter lines, leaving Terminal, totaling 
approximately 65 mi. of circuit so equipped. During 
an eight month period succeeding this installation, there 
WCTe six cases of the fuses blowing and clearing without 



Pia. 1—OnifliNAL D11VBT.0PMBNT OP Fused Abcinq Ring 
Using Carbon Tetrachloride Fuses 

an interruption to service. There.were three cases 
in which the fuses failed to clear and the circuit breaks 
opened, interrupting service on the line. During this 
period, ten fuses were blown. The three service inter¬ 
ruptions were caused by the destruction of the fus^ at 
the flashover points. . 


It is noted that the fuses functioned properly 77 per 
cent of^the time and s;i;icceeded in preventing service ^ 
interruptions 67 per cent of the time. 

All failures of the device were due to failures of the 
fuse itself, caused by follow-up surge voltages. One 
case noted during the prelinlinary tests probably ex- 



Fig. 2—Later Development op Fused InsuCator String 
Using Expulsion Type Fuses as Arcing Horns 

plains these failures. A blown fuse was inserted and 
an impact of very high voltage was applied. The arc 
followed a path from the conductor over the metallic* 
part of the fuse within the glass tube, puncturing-the 
glass, and passing over the outside to the ring and to 
the horn and ground. In actual practise, a d 3 niamic 
arc would follow this first arc, causing destruction of 
the fuse. 

Development Using Expulsion Type Fuse 

The operation of the fused arcing rings, using carbon 
tetrachloride fuses, (Fig. 1) was successful in preventing 
a number of service interruptions on the two Columbia 
—Terminal circuits on which they were installed. In 
considering the installation on the two remaining 
circuits, a more economical arrangement of the device 
was desired. First, the added cost for the extra ifi- 
sulator units shunted by the fuses did not seem to be 
justified by the first year’s operation. Second, the 
carbon tetrachloride fuses were more expensive than 
expulsion type fuses. Therefore, the next development 
was an arrangement using two expulsion type fuses in 
place of the horn at the top of the inplator string, 
*(Fig. 2) and a ring at the conductor end. 

Tests were made on various makes of expulsion type 
.fuses, some the standard products of different manu¬ 
facturers and some specially designed by the Union 
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Gas and Electric Company. These tests were made at 
Terminal Station with the system set-up similar to 
that of the previous tests. In each case the fuse 
operated correctly to break the short circuit. The time 
required with a few exceptions was one-half cycleor less. 

Further tests to deteimine the conductivity of the 
fuses after they had been blown established that there 
was practically no conducting material deposited in the 
fuse holder. 

The diameter of the ring and the position of the fused 
horns were determined from tests made with the impulse 
^^generator of the General Electric Company so that 
flashovers on the assembled string occur from the end 
‘ of the fuse to the ring without cascading. 

In addition tc> more economical construction, the 
present assembly has an advantage over the original 
in that two fuses are employed. It was established 
by tests that both fuses will not blow at the same time, 

■ but one will remain in good condition. When one fuse 
is blown the arcing distance on that side is greater than 
on the side of tiie >good fuse and second flashovers go 
to the tip of the good fuse. Therefore, the device 
will function for two consecutive surges originating on 

OPBBATINO BBOOBD WITH FUSBD ABOINQ HORNS 


Line 

Year 

Inter- 

rupMoua 

Flashed 

units 

Type of 
fuse 

Inter¬ 

ruptions 

prevented 

Fuses 

blown 

1761 

1926 

3 

30 

none 





2 

6 

S. & O. 

4 

9 


1928 

0 

0 

S, &C 

1 

1 

* 1762 

1926 

4 

14 

none 




1927 

1 

2 'T 

S. & C. 

2 

4 


1928 

0 

0 

S. & O. 

1 

1 

1763 

1926 

1 

0 

none 




1927 

4 

18 

none 



#» 

1928 

0 

0 

Expulsion 

1 

1 

lf64 

1926 

2 

6 

none 




1927 

3 

24 

none 




1928 

0 

0 

' Expulsion 

1 

1 

1261 

1926 

1 

0 

none 




1927 

0 

0 

S. &0. 

0 

0 


1928 • 

1* 

0 

s. & o. 

* 

2 

1262 

1926 

3 

6 

none 




1927 

0 . 

0 

a & 0 . 

0 

0 


1928 

!♦ 

6 

a. o. 

« 

1 

861 

1926 

0 

0 

. none 




1927 

0 

0 

a. & O. 

0 

0 


1928 

0 

0 

a. & o. 

2 

3 

662 

1926 

0 

0 

none 




1927 

0 

0 

a. & o. 

0 

0 


1928 

2 

0 

8. & O. 

0 
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rings were installed on the two Columbia—Terminal 
circuits not previously equipped with fused arcing 
rings. During this year there were no interruptions 
to service- on any of these four circuits. Although 
there were comparatively few lightning storms, four 
fuses were found blown, indicating’ that they had 
been effective in preventing service interruptions. 

For two years operation, there have been seventeen 
cas^ of flashovers on lines equipped with fused horns or 
arcing rings. ,Of these cases twelve inl^rruptions have 
been prevented. This is an elimination 6t 70 per cent 
of service interruptions. 

The accompanying table shows the operation record for 

the 66,000-volt tower lines during three years of service. 

• - 

Conclusions 

1. Ardng rings are essential equipment on important 
high-voltage transmission lines. W^ithout arcing rings, 
many insulators are flashed and shattered due to cas¬ 
cading of the string. Shattered insulators mean a 
line outage for several hours caused by an abnormal 
condition existing only a fraction of a second. 

2. Fuses in the flashover circuit interrupt and pre¬ 
vent the flow of follow-up current.* Since the fuses 
function in approximately one-half cycle and protective 
relays are ordinarily set to operate in not less than 35 * 
to 46 cycles, the short circuit will b5 cleared before the 
oil circuit breaker operates. 

3. The fuse is not Blown by the (furrent of the initial 
surge, but by the current of the dynamic arc. , • 

4. The use of fused insulator’strings on thq Ipgh- 
voltage circuits of the Union Gas and Electric Company 
has been a large factor in a considerable improvement 
in service and operating records. 

6. Tests and operating experience, as well as 
economic comiderations, show several advantages of the 
assembly using fused horns at the support end of the 
string, ovOT the original assembly using a fused ring at 
the conductor end. , . . 

fl-. The adoption of fused hoims and grading rings 
for important high-voltage lines has proved to be 
pother means by which service and operation may be 
improved. 


^Elashover at substation. 

the same section of line before replacement of the fuses 
is necessary. 

Upon op^tion, a bright metal damp at the out end 
of the fuse is blown off and 4he condition of the fuses 
can jbe detennined by patrolmaa's visual inspection 
from tiie groimd. 

Operation in 1928 

In theearlypartof 1928, the fused hofns and grading* 


. , CORRESPONDENCE 

To the Editor: 

1 wish to direct attention to a change wBich should 
have been made% the papa- Field Tests of the 
Deion, Ciremt Breaker published in the Journal for 
February 1929. 

On page 104 of the February Journal the last sen- 
t^ce of the first paragraph should end as follows: 
“the main current-carrying contacts were apparently 
in a (^ndition to carry normal rated current mthout 
excessive heating at the end of the Chicago tests." 

I Yours very truly, • 

• . B. G. Jamieson. 


. 







. Abridgment^ of ' 

Arc Welding of Steel Buildings and Bridges 

BY FRANK P. McKIBBEN^ 

Non-member 


Synopsis*—The 'paper treats of the important matters of the 
revision of building* codes, the preparation of specifications for 
welded buildings, th^ accumulation of cost data, the training of 
designerm, the qualification of welders and inspectors, and additional 
tests of welded joints, which are now receiving attention, Ivr- 
vestigations made toward the definite betterment of present conditions 


are cited and in the appendix are given proposed specifications for 
the arc-welding of steel buildings, witfi regard to general application, 
definitions, quality of structural steel and wilding electrodes, welding 
apparatus, workmanship, qualifications of welders, the proportioning 
of parts and the protection of steeL 


T he art of welding structural, steel by electricity is 
developing rapidly, and this year witnesses many 
applications of this process to the construction 
. and reinforcement of bridgdb and buildings. The 
electric arc furnished designing engineers with a new 
tool which has been widely adopted not only in the 
fabricating of bridges and buildings, but also in many 
factori^ for welding parts of machinery and assembling 
structural steel sections as substitutes for castings. 

That with proper supervision of design and wor^pnan- 
ship, one can secure safe consiructioh is evidenced by 
the existence of over 60 welded buildings, in which no 
failures have beeit recorded. For a new type of con- 
,struction, this is truly a remarkable record, but, we 
must not forget th^t welded construction in its early 
stages has received far more experimentation and more 
careful supervision in execution than did concrete or 
riveted work at the corresponding stages of their 
development. 

Among the most important matters now receiving 
attention are revision of building codes, preparation of 
specifications for welded buildings, accumulation of 
cost data, training of designers, the qualification of 
weld^ and inspectors, and additional tests of welded 
joints. 

Many municipalities are not revising their building 
codes in order to bring them in closer harmony with 
recent improvemente in building construction. Among 
the changes being considered by many cities are the 
increase frmn the 16,000-lb. to the 18,000-lb. basis 
for structure steel and the permission to erect-welded 
steel building frames. Over 40 mimidpalities have 
already made provisions for welding in their codes, 
and many others, such as New York, Pittsburgh, 
Chicago, and Philadelphia, have committees at work on 
code revisioqi It is appropriate and timely that these 
committees should give proper co^ideration to the 
use of welding, and adopt the unix stresses for use in 
steel building design recently decided upon by the 
American Welding Society *in its building code, thus 

1. Consulting Engineer, General Electric Co., Black Gap, Pa. 
Presented at the Middle Eastern District of the A, /, E, E., 
Cincinnati, Ohio, March 1929, Complete copies upon 

request. 


bringing nearer a uniform building code, so long desired 
by architects and structural engineers. 

The elimination of noise is not tl^ only desirable 
quality possessed" by welding. Of equal value is the 
very considerable reduction in weight of steel effected 
in many, cases. This latter feature was very weU 
illustrated in the building at the General Electric 
CcSnpany’s West Philadelphia plant, in which'roof 
trusses were built without the use of a angle rivet,, 
thus eliminating over a thousand steel gusset plates 
each approximately 17 in. by 29 in. in size. Moreover, 
the absence of rivet holes in the tension members made 
less steel possible in these members. These and other 



Fig. 1—^Test Specimens poe Fillet Welds 


savings resulting in reducing the weight of each of a 
series of roof trusses of 58-ft., 6-in. spans from 6800 lb. 
for a riveted truss to 5000 lb. for a welded truss carrying 
the same loads; and of 78-ft. terosses, from 13,200 lb. 
riveted to 9200 lb. welded. These are very considerable 
reductions in weight and should result in lower sosts. 

Much attention is being paid to the qualification of 
welders for structural steel welding, and the tendency 
is to exaggerate the importance of this matter. Good 
welders are wanted and they can be secured by testing 
applicants with some welding which, though reasonably 
simple, is suffidently searching to insure capable men. 
Three types of tests are outlined, any one of which 
may be made the basis of qualifying welders; that is, 
for ascertaining whether a welder’s experience is such 
as to enable him to properly perform work on steel 
buildings, which happens toTae one of the simplest forms 
of Velded construction. The best and most searching 
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qualifying test is to have the applicant weld a steel 
sample specimen in which the welds are subjected in a 
tension-testing machine to Iv^ingitudinal shearing, to 
determine the ultimate stress. This longitudinal 
shearing strength is a measure of the welder’s ability 
to weld, and if the average of his specimens is 42,000 
lb. per square inch,^ ol* Aore, he should be acceptable. 
It is neither necessary nor desirable, for municipalities to 
require each welder to demonstrate his ability to the 
cit/s building inspector, but rather to require each 
contractor who fabricates or erects steel buildings to 
give evidence that his welders have qualified. The 
^.^implest way is for the contractor to have his welders 
^ make up some test specimens, submit these to a re¬ 
sponsible laboratory for testing and exhibit the report 
of the laboratory^ as evidence of the welders’ qualifica¬ 
tions, all of which can be done under supervision of the 
architect’s or engineer’s inspector. 

^ ' The average of a series of ten test specimens hiade by 
five welda:s in a steel fabricating shop is given as 44,000 
lb. per square in., lon^tudinal shearing value, and 
although there is a variation of about 25 per cent be¬ 
tween the strength of speciniens made by the best and 
poorest weldera, the resultsf of each individual man are 
in very close agreement. 

A good inspector can learn a good deal about a fillet 
by visual inspection. Rounded edges denote lack of 
penetration of fillet into parent metal; i. e., into parts 
being welded; one short and one long side of a tri¬ 
angular fillet indicate that the wire electrode has been 
-held at an incorrect angle of welding; a crater at any 
point in a fillet other than the end is evidence that the 
arc has been broken and the fillet not laid continuously; 
numerous gas hol^ on the surface of a fillet indicate 
too long an arc and a lack of penetration; a current 
(shown by the ammeter on the welding machine) too 
great for thin plates or too light for thick ones, is 
undesirable, and the inspector should see that the 
welders adjust their machines to obtain the current 
suitable for the thickness of the material being welded. 

In comparing the lengths of fillets actually deposited 
in the shop with those designated on the drawings, it 
has been the writer’s experience that generally the total 
of measured deposits exceeds the total compiled from 
drawings; but now and then an individual fillet may be 
either greater or less than designated. For example, 
at the welding shop of the American Bridge Company* 
-at Trenton, the total fillets on one welded truss aggre¬ 
gated 633linear in. as compared with 598 in. specified. 
And while the maximum excess of actual length of an 
individual deposit over that specified reached as much 
as 52 per cent, in two other fillets deficits of 8.8 per cent 
and 10 per cent, respectively, occurred. These deficits 
are not due exclusively to Jihe welder, but sometimes 
may be attributed to inaccuracies on drawings where^a 
specified length of fillet is impossible of execution. 

Although sufficient tests ^ available to enable 


designers to proportion safe joints in ordinary building 
construction, additional tests are needed to provide for 
the future extensive use of‘welding which now seems 
assured. Two types of tests are possible; first, shearing; 
and second, direct-tension or compression. 

In shear the welds are subjected toeithertransverse or 
longitudinal shear, and it is on the latter that very good 
test data are available, while on the former, some addi¬ 
tional work should b5 done. Indeed, on longitudinal 
shearing tests, some interesting problems remain un¬ 
solved; these afe; first, the relation between longitudinal 
shearing strength and lengths of fillets, of what amounts 
to much the sam.e thing, the exact distribution of 
stress along the length of a given welded fillet; second, 
the relation between the longitudinal shearing strength 
and the size ol the fillet; •for example, will the strength 
per linear in. of a }4-m. fillet be double that of a 3^-in. 
fillet? Third, relation betw^n longitudinal shearing 



PiQ. 2 —Showing Building with 66-AboWbldbd Roof 
Trusses of General Electric Co. at West Philadelphia, Pa. 


strength and the number of layers used in depositing 
the fillet material. 

Existing tests indicate greater shearing strengths of 
fillets in transverse than in lon^tudinal shear. 

'Transverse shear appears in fillets laid at jight angles 
to the axis of the member being connected, while 
longitudinal shear is exhibited in fillets laid parallel 
to the axis. For a member having a symmetric^ cross- 
section, (rectangular, for example), one would expect 
transverse fillets to be stronger than longitudinal 
fillets, because each inch of fillet is subjected to the 
same stress, whelR*^ in a fillet subjected to longi¬ 
tudinal shear, some inches are canTing little stress 
while others are working at the maximum. The case is 
analogous to a riveted joini:, in that when a number of 
rivets are placed parallel to the stress, the load carried 
bjj the several riVets varies greatly; whereas when they 
are spaced in a row at right angles to the load, the rivets 
may be made to perform equal work, 
pensile and compressive stresses in welds are en- 
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countered in butt joints. Tensile butt joints are very 
common, as, for example, in longitudinal seams of 
tanks or pipes subjected to internal pressures.. Com¬ 
pressive butt joints are- much less frequently used. 
They may appear in splicing compressive members— 
a top chord of an ordinary truss for example,—^but 
even here, splice plates with longitudinal shear on fillet 
welds mjght be xised. For tensile butt welded joints, 



• • • • 

Fig. 3—^Details of Column Anchors 


ample darta are available to enable us to design tanks, 
pipes and similar structures. 

Tjqjical test data for longitudinal shear of ^-in. 
fillets with triangular cross-sections presented in the 
paper show an average ultimate shearing strength of 
13,354 lb. per linear inch of fillet corresponding to 
50,200 lb. per square in. of minimum net shearing area 
of.the fillet (the throat), i. e., the section passing through 
the apex of the fillet’s cross-section and perpendicular 
to its hypothemase. The, above longitudinal shearing 
values are foqnd from specimens tested in tension, but 
those found from compressive specimens are quite 
considerably higher. 

The American Welding Society’s Committee on 
Building Codes has adopted a safe working unit shearing 
strength of 11,300 lb. per square inch which, for a 
^in. fillet in iongitudinal shear is 30M lb. per linear 
inch of* fillet. Let us examine thisyr^he throat dis¬ 
tance of a 5^-in. fillet being 0.266 in., the product of 
11,300 and 0.266 gives 3000 lb,, per linear inch. As the 
test data give 13,354 lb. per linear inch, or 50,200 lb. 
per square inch, these values of 3000 and 11,300 of the 
American Welding Society’s Committee correspond to a. 
factor of safety of 4.4 which is conservative. 

Adopting 11,300 lb. per square inch for the safe 
allowable unit stress in lon^tudinal shear, the following^ 


working strengths are evident; for H-in. ffllet, 4000 
lb. per line^ inch; for %-in. fillets, 3000 lb. per linear 
inch; for J4-in. fillets, 200(l*lb. per linear inch. Notice 
that for each increase in size of fillet, an increase of 
1000 lb. per linear inch in the allowable unit shearing 
stress is permitted. * 

Three Buildincm in Which Arc Welding was-Used 
During the past year, the General Electric Company 
has completed a building in West Philadelphia, Pa., 
one in Bridgeport, Conn., and one in Pittsfield, Mass, in 
all of which the steel is connected principally by arc 
welding. 

Welded Trusses in West Philadelphia Building 
The West Philadelphia building consists of a head 
house 78 ft. wide by 171 ft. long, with veltical clearance 
of 43 ft. below bottom, chords of trusses, of one aide 
59 ft. by 474 ft., and of a second aisle 79 ft. by 474 ft. 
These aislfe and the head house comprise a building 
approximately , 138 ft. by 552 ft. Supporting the roof 
over these various parts are trusses of the Pratt t^e 
with horizontal chords in the two main aisles and a 
sloping top chord in head house. Each chord is an 
8-in. H section with horizontal web, while each diagonal. 
consists generally of two small channels with their backs 
lying in contact with, and on the outside of, the vertical 
fianges of the H chor^, to which the channels are welded 
by fillet welds. Ordinarily each vertical member of 
each truss is a 7-in. I-beam which fits into thg trough 
of the top and bottom chords, to the vertical flanges of 
which it is welded. These direct connections of web 



Fis. 4 —^WbiiDBD Trusses Ebboted in Position between 
OTHER Buildings 

members to chords obviated the use of gusset plates at 
truss joints. , 

In any building consisting of a main aide and a 
transept, especially where there is a traveling crane in 
the latter, the truss at the intersection of transept and 
head house is somewhat difiteult to arrange. In this- 
building, a truss 173^ ft. deep spans the main aide, 
supports a portion of a roof load, the dear story, a 
roo^ truss in the head house, and a head house runway 
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girder spanning the 59-ft. aisle. On account of its 
depth, this tniss was shipped in parts, assembled 
lying flat on the ground, vjrelded, and erected. All 
other trusses were completely welded in the shop, and 
after erection, were welded to the supporting columns 
with sufficient bolts co hold them in podtion. 

In addition to 10-tbn bridge cranes in the head house 
and in the 59 ft. main aisle, this building has several 
smaller bridge and wall cranes. 

Welded Trusses at Bridgeport, Conn. 

The Bridgeport building code is a flexible one, in 
that it authorizes the Building Commiasion to permit 



Fig. 5—^Welded and Riveted Typical Panels and Chokd 
Sections Pratt Type Truss 

the use of new materials if after investigation the 
Commission is satisfied that the new type is safe and 
satisfactory. After a stitdy of tests data of welded 
joints, the Commission granted a permit for the General 
Electric Company's welded steel building which con¬ 
nects two existing buildinp. This is a one-story 
structure with roof trusses of 62-ft. span supported 
on side wall columns. The interesting details here are 
the use of T-shaped top and bottom chords, the truss 
end bearinp at the tops of columns and the splice at 
center of top chord. By cutting the web of an H 
section along its center, thus forming two T’s for chords 
to which web members are welded directly, all gusset 
plates^ were eliminated. Beams can be cut in this 
manner either by cutting with the oxyacetylene flame, 
or by punching. At the bearing of vertical web of this 
top diord T on the base plate, which, in turn, rests on 
the column cap, stiffener plates are shop welded to the 
T-web. 

As the roof of this building slopes downward from 
the center line towards the ends ofr,the truss, the top 
chord is pven a similar contour, thus necessitating a 
splice in the top chord at the center. This is accom¬ 
plished by a butt splice with a single V in the horizontal 
flanges of the T, while tiie vertical web is spliced on 
each side by a leg of a web member coimected by ffllet 
welds. As the roof trusses were fabricated completely 
in the shop by welding, the field welding consisted 


principally of connecting the top and bottom chords to 
the columns. 

Welded Factory Building at Pittsfield, Mass. 

This structure is two stories high in part, and three 
stories high elsewhere; length, 280 ft.; width, over-all, 
60 ft., with approximately 40 ft. between centers of 
outside wall columns. The interesf here lies entirely 
in the structural details, among which may be fncluded 
the following:- » 

a. Connection of a 27-in. main floor girder to the 
side wall column by a shop welded angle bracket upon 
which the girder .re^ts and by field welding the girder 
web to face of the column as well as field welding the 
top and bottom flanges to,the face of the column. The 
ends of these 27-in. girders were milled. 

b. Connection of main 18-in. floor beams to web of 
27-in. main floor girders by resting the beams on heavy 
angle brackets shop welded to girder webs. These seat 
angles were designed to take the loads to which they 
were subjected. 

c. . The use of flat bafe as stiffeners welded to the 
vertical webs at the center of 27-in. main floor girders 
where these rest upon short columns extending from 
foundation to second floor level only. 

All shop and field welding on the above buildinp Was 
performed by sin^e operator, mator-driven generator 
sets. For depositing %-m. fillets on metal ^ in. or 
more in thickness, tiae current was about J85 amperes. 



Fig. 6—Tests .on Welded Structural Steel Showing 
Compression and Tension Specimens after Failure 

3/16-in. electrodes, arc voltage 20, vdth smaller current 
values for smaller fillets on thinner steel. 

The appendix* to this paper is a set of specifications 
for arc wdding steel buildings, and covers the following 
subjects;—^general application, definitions, quality of 
structural steel "^d welding electrodes, weldifig ap¬ 
paratus, workmanship, qualifications of welders, pro¬ 
portion of parts, protection of steel. These-specifica¬ 
tions may be used by architects and engineers for 
incorporation into contracts for structural steel build¬ 
ings with the •assurance that the provisions have in 
general been succes^fiilly tried out on several steel 
structures. 

h 2. See complete paper. • 
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Submitted by 

The Committee on Production and Application of Light 

THE PRESENT STATUS OF LIGHT SOURCES AND 
WINDOW MATERIAL IN LIGHT THERAPY 

W. W. COBLBNTZ 

Judgilig by the general publicity by high-pressure 
advertisements and discussions regarding ultra violet 
radiation therapy it wduld appear that we are all grow- 
• ing rickety and, ^jence, should bask in the«un when it 
shines or use artificial sources of light as a substitute. 

This whole business is built up on* the general observa¬ 
tion that common window glass shuts out short wave¬ 
length ultra violet solar ray* which prevent rickets^ 
and are beneficial for general therapeutic purposes, as 
for example, the treatment of tuberculous ulcerations, 
etc. • 

But there is some evidence that the pendulum has 
swung to the extreme, and that within a few years we 
shall be back to normalcy. Recent experiments by 
Russell^ at theNew Jersey Argiculttiral Experiment Sta¬ 
tion indicate that there is aholdover, sothatathorough 
exposure to ultra vjolet light (at least in chicks) will 
continue to be effective for a week or two. From this 
it Would appear that it will not be necessary to take 
sunbaths or artificial light baths so frequently as 
formerly supposed. 

Concerning the use of special Window glasses for 
'transmitting ultra violet solar radiation, biological and 
other data are forthcoming showing that the use of 
these glasses will be more restricted than had been 
hoped for by those interested. For example, the 
measurements of Dr. Janet Clark,* at the School of 
Hygiene and Public Health, Baltimore, showthatachild 
seated at a distance of 16 ft. from a north window would 
have to remain there some 16 to 20 hoiu's in order to 
get as much ultra violet radiation as it would receive in 
two minutes out of doors^ in sunlight at the noon hour. 
Such findings will no doubt put a quietus on the 
advocacy of special glass windows on the north side of 
school mid efiice buildings. Similar results were 
obtained by Dr. Walter Eddy,* at Columbia University, 
who found that in ordw to prevent rickets it was 
necessary to expose the animals to the direct path of the 
sun’s rays. This is in agreement with the tests made by 
Tisdall and Brown,® and published a year earlier, blow¬ 
ing that for reafiy beneficial results it is necessary to use 
a solarium facing south, so that the BUdebody can be 
exposed to the direct rays of the sun. 

Rapid improvement is beiqg made in. the produc- 

1. See recent tests by Bethke & Eennard, PdiUtry Science, 

6, p. 290, 1927. . • . • 

2. Bussell, Massengale and Howard, Jour. Biol. Chem., 
80, p. 155; 1928. 

3. Clark,/Science, 68, p. 165, Aug. 17; 1928, 

4. Eddy,/Science, 68, p. XII, October 19,1928. 

5. Tisdall and BroT^n, . Amer. Jr. Diseases of Children, 34, 

p. 742, NovembM l627. • 


duction of special window glasses which do not decrease 
much in transmission as a ifeult of solatization on expo¬ 
sure to the sun. Glasses are now availahle which, after, 
solarization, transmit 50 per cent or more of the vitaliz¬ 
ing ultra violet rays shut out by common window glass. 
The demand is for a glass that transmits 50 per cent or 
more of the ultra violet rays. The public is willing to 
pay the price. Different melts of the same kind of glass 
vary greatly in transmission, and it is incmnbent upon 
the manufacturer to send out only the melts that have 
the highest transmission. 

Fortunately for the public, competition will practi¬ 
cally force the glass manufacturer to increase the 
transparency of the glass to be used^ in solariums, 
because the manufacturer of artificial sources of ultra 
violet radiation, particularly of carbon arc lamps, can 
claim a sh^e of the trade on the basis that the spectral 
energy distribution is similar to that of sunlight. I* 
is to*be noted, however, that while the radiation from 
the carbon arc lamp is the nearest approach to sunlight, 
it is not the same as sunlight. In fact, it is far from 
it. By usinga special “white flame” type of impregnated 
carbon electrode and a special window glass for a screen 
that absorbs the short ultra violet rays and the long in¬ 
fra red rays which arenotpresentin sunlight, thespectral 
quality of the radiation from the-carbon are is rendered 
more nearly like that of sunlight. Such lamps are now 
on the market, and since the dosage can be controlled, 
and the light can be used at one's convenience, it is a 
strong competitor of window glass in light therapy. 

Whether it is important t® have a spectral energy 
distribution similar to sunlight remains to be deter¬ 
mined. At any rate it makes a good talking point. 

It is to be noted, however, that good biologic results 
have been obtained with the quartz mercury arc lamp, , 
in which the radiation is emitted in a few strong emission 
lines which in no way resemble the energy distribution 
in the spectrum of sunlight. 

The wholesale use of such devices is so new, even to 
the average practitioner, that it is well to proceed with 
caution. The advertising slogan “consult your physi¬ 
cian” should probably be qualified to mean one who has 
had actual experience in the administration of’this 
“modality.” 


# , 

A DEVICE FOR MEASURING AVERAGE VOLTAGE 

Partioolarly Adapted to Determination of Utilization Voltages > 

For some years, standards of illumination have 
been advandng steadily and will continue to do so as 
the value of good lighting becomes more and more 
generally recognized. In many cases the increased 
filumination is obtained by the ^ple expedient of 
' putting higher wattage lamps in tiie old sockets without 
reinforcing the wiring to carry the additional load with- 
. out excessive voltage drop. The unit cost of light 
® (measured in terms of quantity received per dollar 
expended) will graierally be inCTeased by the under- 
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vdtage burning that results from this increased voltage 
drop unless lamps of a loww voltage are used. The 
lighting service is rendered less uniform by excessive 
drop, because as the load increases or decreases, the 
voltage and consequenl^y the light output per lamp will 
vary aver a considerable range. During the period of 
heaviest use, when light is most in draiand, the drop is 
greatest, the lamps are giving their lowest candle-power 
and the rate of loss is at a maximum. It is-necessary, 
therefore, to know what the voltage conditions are in 
any plant or building, as a basis for obtaining the best 
possible service from the light in g installation. 

This information can ordinarily be obtained by check¬ 
ing the voltag§ with indicating instruments, or by the 
use of curve-drawing voltmeters, ta{)ped in right at the 
lamp. In the first case, however, considerable care must 
be used in selecting times of measurement and in estimat¬ 
ing hours used. In tiie second ease, the average voltage 
must be obtained by integration of a curve, and the 
equipment is rather expensive and requires careful 
handling and chfecking in order to obtain good residts. 
To facilitate this sort of measurement, a new type of 


an extension plug insert^ in the lamp socket, into 
which the lamp is serewed so that the voltage drop right 
up to the lamp terminals is taken into account. Both 
meters are read when the instrument is put in service. 

After a period of time (say a day or two) both meters 
are read again. The differences of Jthe readings show, 
for one meter, the hours the lamp was in use, aq^d for the 
otha*, the hours times the volts squared. The second 
. diffo-ence divided by the first gives the average of the 
volts squared. The square root of this figure then* 
shows the square root of the average volts squared 
delivered at the.socket during the time the lamp was 
actually burning. For the range of variation iii operat¬ 
ing voltage commonly encountered, the square root of 
the average volts squared wiU be practically the same as 
the average volts. As a matter of fact, as the light 
output and life of lamps toth vary as powers of the 
voltage higher than the square, whatever departure 
there may be will inwease the accuracy Avith which the 
average value of these quantities can be determined. 

The process sounds complicated but it is really quite 
simple and gives results of a high order of accuracy. 



Undoubtedly the over-all dimensions and weight can be 
materially reduced as compared with those of the con¬ 
struction illustrated above. The instrument is accurate 
and not easily thrown out of adjustment. For use on 
d-c. circuits, the telechron coulS be‘replaced with a 
clock mechanism operated by a relay to record total 
hours in use, and a d-c. t]^ of watt-houf meter would, 
have to be used. , • 

Every industrial plant and commercial building ought 
to check up, from time to time, the average voltage de¬ 
livered at the lamp sockets to locate sections of the 


Device fob Measttbing Avebaoe Voltage 
(M ean square of average volts squared) 


wiring system that need reinforcement or to* determine 
what voltage of lamps should be used to correspond 
with that actually delivered at the sockets. A device 


voltmeter has been tried out with very successful 
results. The instrument was constructed for use on 
a-c. circuits having fairly good frequency r^ulation. 

The accompanying illustration shows the first 
attempt to produce an instrument of the kind desired. 
The box contains two standard watthour meter frames. 

The one on the right is a kilowatt-hour meter which 
is standard in all respects exc^t that it is built for a very 
small fixed load which is placed inside its own case. The 
current varies directly with the voltage, so that the 
wattage varies as the voltage squared and the readings 
of the instrument, therefore, are proportional to volts 
squared times hours. The gear train can be so chosen 
that if this meter is operated continuously at exactiy 
100 volts, its reading will correspond to the time in 
hours and tenths during which voltage was applied. 

The second meter case (on the left) contains a syn¬ 
chronous clock motor, geared to the dials so that Vhen 
supplied with 60-cycle current, it also reads hours anH 
tenths directly. 

The instrument is put in servi(» by tapping it in to 


of the kind described above will be found most useful 
for making such surveys. 

-- • 

* 

A LIGHT AND SOUND SIGN 
As part of its special Christmas decoration last year, 
one of the large Parisian Department Stores ’(Grands 
Magasins du Louvre) o-ected on the face of its building 
a large elwtric sign (about 160 ft. long and 80 ft. high) 
representing in colors a panoramic view of a fete on the 
River Seine. On the distant bank of the river, an 
impressive display of fire works was produced by flash¬ 
ing lamp effecl^, the appearance of th# rockets, ftn®" 
taim, pinwheels,'*etc., being accompanied by realistic 
noises and e^losions mechanically produced, and by 
^oke effects produced by steam. The cycle of opera¬ 
tion required about twelve minutes, and then repeated. 
There were 1§,000 lamps (ranging in size from 15 to 400 
• watts) used in the sign, which reqvmed nearly 60 miles 
of wiring and 35 motors for operating switches. The 
sign was made by the “Etablissements Jacopozzi.” 

» Great crowds are said to have gathered every evening 
to watch the display. * 





















Institute and Related AcTivrnEs 


Notice of Annual Meeting of Institute 

The Annual Meeting of the American Institute of Electrical 
Engineers will be heM in the New Ocean House, at Swampscott, 
Massaohi^etts, at 9.00 a. m. on Tuesdaj^ June 25, 1929. This 
will constitute one session of the Annual Summer Convention, 
which is to be held in Swampscott, June 24-28. 

^ At this meeting the annual report of the Board of Directors, 
also the report o^ t5le Committee of Tellers on tSie ballots oast 
for the election of officers will be presented. 

Such other business, if any, as may properly come before an 
annual business meeting may be considered. 

* JP. L. Hutchinson, 

« National Secretary. 


Dallas Regional Meeting 

A three-day Regional Meeting will*be*held under the auspices 
of the South West District of the Institulfe, with .headquarters 
in the Adolphus Hotel, Dallas, Texas, May 7-9. 

Four technical sessions are scheduled and also two Student 
Sessions, inspection trips, a lecture, a dinner-dance, etc. The 
technical papers deal with distribution systems, electrified oil- 
pipe lines, lightning, aviation lighting, telephony, radio program 
networks, waterworks and train signals. 

The Student Sessions will be held on the afternoon of May 7 
and the morning of May 8 respectively. 

A complete program was published in the April issue of the 
Journal, page 319. * ^ 


The Coming Sunanjer Convention 

EXCELLENT TECHNICAL PROGRAM AND DELIGHTFUL RECREATION 
PLANNED* FOR MEETING AT SWAMPSCOTT, JUNE 24-28 ’ 


A program crowded with pleasurable and profitable offerings 
is being arranged for iSie 1929 A. I. E. B. Summer Convention 
which will be held, with headquarters in the New Ocean House, 
al: Swampscott, Mass., June 24 to June 28. All features which 
might make an enjayablcpand worthwhile convention have been 
considered. 

A selection of particularly high-gradq technical papers has 
been made. Tliese will 3eai with very live topics such as dis¬ 
tribution ,systems synchronized at the load, automatic syn- 
chronizingj communication, electrical machinery, outdoor hydrb- 
gen-ven&lated synchronous condensers, loading transformers 



according to temperature, shielding in electrical measurements, 
electrical heating elements, high-frequency electrical tools, etc. 

Reviews of developments in all* electrical fields will be pre¬ 
sented in the annual reports of the Technical Committees of the 
Institute. The titles of the individual papers are given elsewhere 
in this aimouncement. * 

No locality is richer in opportunity for trips of engineering, 
scenic and historic interest. A large number of trips has been 
arranged. 

For the recreational ^de of the program, a most enthusiastic 
local Convention Committee is planning many enjoyable^ events. 
Swampscott is an ideal place for a conventidn, combining sea- ^ 


shore and country with excellent hotel facilities. Those who 
attended the 1923 Summer Convention at Swampscott remember 
the very enjoyable and successful meeting held at that time and 
it may be prophesied that the coming meeting will be equally as 
good. 

Golf and tennis, a reception, a banquet, dancing and card 
playing will be some of the entertainment features. ^More in¬ 
formation, particularly on the golf tournament, is given in later 
paragi'aphs. 

The business side of the convention will include the Annual 
Meeting of the Institute, a report of the Committee of Tellers on 
election of officers for 1928-1929, the address of the President and • 
presentation of prizes for papers. 

The first Lamme Medal, which was awarded some months ago, 
will be presented to the medalist, Mr. A. B. Field of England. * 

There will be a lecture on the evening of June 25, by Dr.* 
Harlowe Shapley; also several addresses at the banquet on 
June 26. 

As customary at Summer Conventions, the first day will be 
devoted to conferences of Institute officers and delegates held 
under the auspices of the Committees on Sections and Branches. 
All members are invited to these conferences. 

Reduced Railroad Rates 

Reduced railroad rates on the certificate plan will be available 
for those attending the meeting from practically all points. 
By this plan the round trip will cost only one and a half times the 
one-way fare, provided 150 certificates are deposited at the 
Convention headquarters. These certificates must be obtained 
when visitors purchase their one-way tickets to Swampscott. 
Members of famihes are also entitled to obtain certificates. 
After 150 certificates have been deposited and the certificates 
have been validated, i^tum tickets over the same route may be 
purchased for half the usual rate. There are certain restrictions 
regarding purchase dates, travel dates, etc., and local ticket 
agents should be consulted in every case. 

OUTLINE OF CONVEI^ION PROGRAM 
MonSlay. June 24 

9:00 a.m. Registration 

J.0:00 a. m. Conference of Officers and Section Delegates 
12:30 a. m. Section and Branch Delegates Luncheon 
2:00 p. m. Officers and Delegates Conference continued ^ 
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INSTITUTEVnD RELATED ACTIVITIES 


^ Jfljirnal A. I. E. E* 


2:00 p.m. Sports as scheduled; qualifying round for 
Mershon Cup«j^ • 

4:00 p. m. Branch D elegates Meeting 
* o :00 p. ni. Afternoon tea 

S :00 p. m. Inform^bl dancing, cards 

Tuesday* June 25 ^ 

9:00 a. in. Registration 
9:00 a. m. Annual Business Meeting 
9:05 a. m. Address of Welcome—Gov. F. W. Allen 
9:15 a. m. Report of Board of Directors (in abstract) 



Interior op Bellows Falls Station op New England Power 
Association System 


9:25 a.m. Report of Tellers; Introduction of, and re- 
^ sponse from, the President-Elect 

9:35 a, m. Presentation of Prizes for Papers 
9:45 a.m. President’s Address 

10:30a.m. Two Technical Sessions, (a) Distribution and 
Power Plants; (b) Transportation 
2:00 p. m. Trips as scheduled 

2:00 p.m. Sports as scheduled. First round of matched 
play for Mershon Cup 
5:00 p. m. Afternoon tea 

8:00 p. m. Convention Lecture—Prof. Harlow Shapley of 
Harvard 

9:15 p. m. President’s Reception—dancing, cards 
Wednesday, June 26 


9:00 a. m. Social hour 

9:30 a.m. Technical Committee Reports —2 Parallel 
sessions 

2:00 p. m. Technical Session, (miscellaneous subjects) 

2:00 p.m .Trips as scheduled 

2:00 p. m. Sports as scheduled. Second (or third) round, 
Mershon Cup play; best nine holes out of 18 
3:00 p. m. Afternoon tea 

7:00 p.m. Convention Banquet * 

8:15 p. m. Presentation of Lamme Medal. Other banquet 


9:15 p. m. Entertainment, Mr. No Young Park, th 
Oriental Mark Twain. Music 
10:30 p.m. Danemg, cards * 

Thursday, June 27—All-Bay Trip to Rye Beach, Maine 
9:00 a. m. Busses leave for trip along New England Coas 
to Rye Beach, Maine 

9:30 a. m. Third roun^, Mershon Cup play 
2:00 p. m. Final round, Mershon Cup play • 

5:00 p. m. Afternoon tea 
6:30 p. m. Arrival from Rye Beach 
8:30 p. m. Presentation of golf prizes, movies, danding 
cards 


Friday, June 28 

9:00 a.m. Social hour 

9:30 a.m. Technical Sessions (a) Electrical Maeliinory, 
(b) Shielding in Eloetrical Measureiiuuits 
2:00^. m. Trips as scheduled 
2:00 p.m. Sports as scheduled. Kickers* haucUeaj) 

3:00 p.m. Start of Post-Conventio^i Excursion tlirough 
White Mountains 
5:00 p.m. Afterftoon tea 
8:00 p. m. Informal dancing, eajds 
PAPERS FOR THE SUMMER CONVENTION 
This list shol^^s papers which are now prop#sed for this (umven- 
tion. Very probably one more paper will bo aSdecl and possibly 
other changes will bo made. 

Distribution and Power Generation 
Symposium Synchronized al the Load,** 

a. Fundamental Ptan, A. H. Keiioe, United Electric, 
Light & Power Co. 

b. Theoretical Calculations of Systinn Behavior^ S. B. 
Griscom, Westinghouse Electric & Mfg. Co. 

e. System Tests and Opmiting Connections, If, R. Searing 
and G. R. Milne, United Electric Light & Power Co. 
Auto'tnatic Substations of Edison Electric lUnminatifiy Co, of 
Boston, W. W. Edson, Edison JBloc. Ill. Co. of Boston, 
Rehahititation and Rebuilding of Steam JPoiccr Plants, C. F. 
Hirshfeld, Detroit Edison Co. 

Application of Induction Regulators on A-0. Dislribniton 
Networks, B. R. Wolfert and T. J, Brosnan, Westinghouse Elec¬ 
tric & Mfg. Co. , 

Transportation 

Electrification of the Mcxicatt Railway, J. B. Cox, Geiioral 
Electric Co. 

Contact-Wire Wear o% Electric Railrdtids, I. T. Bandhy, Illinois 
Central Railroad Co. , 

An Electrified Railroad Suhslaiioti, J. V. B, Duer, Penhsylvania 
Railroad. • • 

D-C, Railroad Substations, A. M. Garrott, Comnionwealih 
Edison Co. 

Miscellaneous 

High^Preqitency Portable Electric Tools, C. B. Coates, Chicago 
Pneumatic Tool Co. 



Millbury-Medwat Line Tifi Between New England Power 
System AND Boston Edison Company System 

• 

• Electrical Wave Analyzers for Power and Telephone Systems, 
R. G. McCurdy and P. W. Blye, American Tel. & Tel. Co. 

Telephone Transmission Reference Systems, W. H, Martin, 
l^erican Tel. & Tel. Co. 

Design of Electric Heating Elements, Edwin Fleischmann, The 
Niagara^'alls Powqc Co. 
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INSTITUTE AND RELATED ACTIVITIES 


Electrical Machinery 

Safe Loading of Oil-Immei’scd Transforviers, E, T. Norris of 
Ferranti, Limited. 

Induction Motor Operation nnth Non-Sinusoidal Imjn'essed 
Voltages, L. A. Doggett and E. R. Queer, Pennsylvania State 
College. * 

Outdoor Hydrogeii^yenlilated Synchronous Condensers^ R. W. 
T7ieseman, General E^ctric Co. 

Short-Qdreuit Torque in Synchronous Machines without Damper 
Windingsi G. W. Penney, Westinghouse Elec. & Mfg. Co. 

Analytical Dvkrnmtaii^i of Magnetic Fields, B. L. Robertson 
and L A. Terry, General Electric Co. * 



IIyduogen Cooled Rotauy Condenser, Pawtucket Sub- 
• STATION, New England Power Association System 


Shielding in Electrical Measurements 

Shielding a%d Guarding Electrical ^Measuring Apparatust 
H. L. Qurtis, Bureau of vStandards. 

Some Problems in Dielccii'ic Loss Measurements^ C. L. Dawes, 
P. L. HboVer and H. H, Reichard, Harvard University, 

Shielding in High-Frequency Measurements, J. G. Ferguson, 
Bell Telephone Laboratories. 

Shielding of Cables in Dielectric Loss Measurements, E, H, 
Salter, Elec. Testing Laboratories. 

Precautions against Stray Magnetic Fields in Measurements 
with Large Alternating Currents, F. B. Silsbee, Bureau of 
Standards. 

•Magnetic Shietdiaig in Electrical Measurements, S. L. Gokhale, 
General Electric Co. 

Technical Committee Reports 

About eigliteen reports will be presented reviewing the major 
activities in the fields of the various Technical Committees of the 
Institute. 

TRIPS 

The trips which may be taken are given below. Two special 
trips are being featured; one an all day trip and outing to Rye 
Beach, Maine, and tlie other a post-convention tour through the 
White Mountains. The all day outing will befitaken on Thursday, 
June 27* and will prove a most acceptable op]$ortunity for making 
friends and enjoying the entertainment which will be provided. 
The post-convention tour will start on Friday afternoon, June 28, 
and will end at Greenfield, (Mass.*) or BostononMonday, July 3. 
The trip will be through New Hampshire, Maine and Massa¬ 
chusetts and will take in many beautiful lake and mountain 
scenes. The complete cost will be $48.50, witff return to Greeny 
field, and $54, with return to Boston. TMsincludes all transpor¬ 
tation and hotels (double rooms). The following is a list of all 
trips: 

All-Day Outinrf at Rye Beach, Maine (June 27) 


Trips to Colleges 

Massachusetts Institute of Technology, Cambridge 
Harvard University, CainJ|lridge 

Historical Trips 

Concord and Lexington, and Wayside Inn, Sudbury 
Historical excursion of Metropolitan Boston 
Salem—including Old Witch House, the House of Seven 
Gables^ and Marblehead, • 

Plymouth 

Trips to Power Plants, Substations* etc. 

Edgar Station, E. E. I. Co. of Boston, North Weymouth 
Montaup Station, Fall River, including Dupont Station 
and A-C. Network, Brockton 

Automatic D-C. substation, E. E. I. Co. of Boston, Cam¬ 
bridge Street, Boston, and automatic substations of 
Boston Elevated Railway Company 
Automatic A-C. Substation of the E. B^I. Co. of Boston, 
Arlington, and* automatic substation of Malden Electric 
Company, Medford 

Automatic telephone stations in Boston and suburbs 
Trip to Dorchester Station of Boston Edison Company 
Trips to Manufacturing Plants * 

General Electric Works, Lynn • 

Navy Yard, Charlestown; Dry Dock, South Boston; and 
Ship Y ards, Quincy * 

Gillette Safety Razor Company, Boston 
United Shoe Machinery Company, Beverly 
Condit Electrical and Manufacturing Co., Hyde Park 
Simplex Wire & Cable Company, Cambridge 
First National Stores, Somerville 

New North Station Refrigerating Plant & Gardens, Boston 
Champion Lamp Works of General Electric Company, Lynn 
Other trips which may be arranged for special parses are: 
Trip to College 

Tufts College, Medford 
Historical Trips ^ 

Boston Art Museum 

Haverhill (Whittier’s House) • 



Harriman Station of New England Power System 
llO-kv. and 66-kv. switch yards and surge tank 

Trips to Power Plants, Substations, etc. 

Blectrifi-cation of^Boston, Revere Beach, and Lyim R. R. 
Service Buildings of E. B. I. Co. of Boston, Roxbury 
Trips to Manufacturini Plants 

Bethlehem Ship Building Yards, East Boston 
Brown & Sharpe Company, Pfovidence, R. I. 

JjTew England Confectionery Company, Cambridge , 

B. F. Sturtevant, Hyde Park 

United Drug Company, Boston . . 

• Hood Rubber Company, Watertown 
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Hi-grade Lamp Company, Salem 
Lever Bros., Cambridge 

Nanmkeag Mills, Salem ♦ 

Watertown Arsenal, Watertown 
‘ Dennison Manufacturing Company, Framingham 

Ford Assembling Pl^t, Somerville 
Keith Shoe Company, Brockton 

POLF AND TENNIS 

Both golf’and tennis tournaments will be played on the 
excellent links and courts located near the hotel. The toum^ 
ments will be played for the respective Mershon Cups. It is 
proposed to present the prizes on Thursday evening and in order 
to accomplish this purpose all competition must be completed 
before Thursday evening. On account of the limited time and as 
the golf competition will be match play, the following information 
on the golf tournament is given: 

The golf competition will consist of a qualification round (handi¬ 
cap medal play)® of eighteen holes followed by match play 
(handicap). 

The qualification round will be played on Monday only^ 
June 24,1929. , 

^The sixteen low net scores will qualify for the match-play 

rounds. • 

]Sro green fee will be charged members and registered guests. 
A representative of the Committee will be at the Club House at 
eight a. m. Monday, June 24, so that officers, section delegates, 
etc., who wish may play their qualification round early and still 
not miss their scheduled meetings. 

In order to have as little interference as possible with business 
meetings and technical sessions, it is the wish of the Committee 
that play be restricted to the time of scheduled events, namely; 
Monday a. m. and p. m., Tuesday p. m., Wednesday p. m., 
and Thursday a. m. and p. m. 

COMMITTEES 

The 1929 Summer Convention Committee which is making the 
arrangements for the meeting consists of the following members 
who are officers of the eomnjjttee or chairmen of other com¬ 
mittees as indicated or general members: W. F. Dawson, 
-Chairman; E. W. Davis, Vice-Chairman; H. B. Dwight, Vice- 
Chairman; C. S. Skoglund, Vice-Chairman; W.H. Colburn, 
Secretary; V. R. Holmgren, As$L Secretary; H. P. Charlesworth, 
Meeiingeand Papers; W. B. Kouwenhoven, 8ections;C* L. Edgar, 
Pinance; C. A. Comey, Trips; F. S. Jones, Transportation; 

I. F. Kinnard, Publicity; W. E. Porter, Hotel and Registration; 
A. H. Sweetnam, Sports; Mrs. W. H. Timbie, Ladies Committee; 

J. P. Alexander, Gr. J. Crowdes, W. S. Edsall, S. J. Eynon, 
J. W. Kidder, R. G. Porter, W. H. Pratt, Ernest Shorrock, 
D. F. Smalley, H. B. Wood. 

Fifth Session of International High- 
Tension Conference 
June 6-16,1929 

The International Conference on High-Tension Systems, 
which was founded in 1921 under the auspices of the IntematioQEil 
Electrotechnical Commission will hold its fifth session in Paris, 
June 6th to 15th, inclusive. At the last session, 544 members 
coming from 28 countries took part, which shows the exceptional 
and world-wide interest in the proceedings of the Conference. 

The coming session will give valuable opportunity for obtaining 
information regarding the technical progress of the last few years, 
together with the benefits to be derived from a personal touch with 
those working in other countries who have solved problems or 
who have, themselves, problems to solve. The proceedings will 
be carried qn in English and French, with an interpreter present 
at each meeting to give every assistance required. A« at 
the last conference, the French government will give its whole¬ 
hearted support. 

Dp to the date of this notice, 380 members from 21 countries 
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have enrolled and 98 papers have been sent in from IS different 
countries. The fee for the Conference is 250 fr. and in order 
to assist those planning to attend from abroad, the secretariat of 
the Conference offers any assistance possible to arrange in ad¬ 
vance for accommodation in Paris to suit the convenience of all. 

After tSe Conference the foreign committee in charge will 
arrange visits to installations of technical interest in the Pyrenees, 
the Alps, and the Riviera; it is hoped also'to organize reunions 
with the Institution of Electrical Engineers of London for a 
summer meeting in Paris in June. 

Address Organizing Secretary M. Tribot Laspi^re, 25 Boule¬ 
vard Malesherbes, Paris or, for residents of the United States, 
Doctor C. 0. J^ailloux, 111 Fifth Avenue, New York. 

Further Plans for Tokio 

According to announcement made by Maurice Holland, 
Executive Secretary of the American Committee of the World 
Engineering Congress, (of-which Doctor Elmer A. Sperry is 
Chairman), arrangements for the reception of 100 of Eimipe’s 
most distinguished engineers and scientists who will arrive here 
during the summer enroute.jto Tokio have been placed 
in charge of Roy V. Wright, President of the United Engineei’ing 
Societies, and Chairman of the New York Reception Gomniittee. 
Mr. Wright will be aided by a committee of New York engineers 
which will plan inspection trips and arrange for our guests’ 
entertainment and transportation while here. 

It is expected that the foreign engineers will arrive in separate 
delegations of approximately forty each from Great Britain and 
Germany arid the balance from Sweden, Denmark, Franco and 
Italy, probably during August and September. 

The foreign delegation will sail from the Pacific Coast for Japan 
about the time that the American delegation, (now composed 
of 235 engineers and their families, from all parts of the country) 
sails from San Francisco. The American party has reserved a 
ship, and will embark a'c San Francisco October 1 $. 

Serving with Mr. Wright on the New York Reception Com¬ 
mittee are: Bancroft Gherardi, J. V,. W. Reynders, F.'R. Low, 
C. 0. Mailloux, A. W. Berresford, H. Foster Bain, F. L: Kiitchin- 
Bon, Calvin W. Rice and George T. Seabury. Offices will be set 
aside for the visitors in the headquarters of the American Com¬ 
mittee of the World Engineering Congress in the Engineering 
Societies Bldg., 29 West 39th Street. 

The Exposition of Chemical Industries 

The Twelfth Exposition of Chemical Industries, which opens 
May 6,1929 at Grand Central Palace, New York, N, Y., bring¬ 
ing together most of the leaders m the chemical and allied 
industries in this coimtry, will have over 450 exhibits of raw 
materials, chemicals, machinery, laboratory equipment, instru¬ 
ments of precision, etc., classified in the variousKseotions. The 
exhibits of the various types of chemicals and machinery will 
permit the visiting engineer and executive to compare at first 
hand the various types of materials, equipment and chemical 
practises, with many new features exhibited for the first time. 

Of particular interest to chemistry teachers will be the con¬ 
ferences on Tuesday, Thursday and Friday afternoons. It is 
expected that a mmiber of professors will be present at these 
discussions to expr^s opinions on the teaching of chemistry. 

Reactive Power 

A “Questionnaire on the Problem of Reactive Power” has been 
prepared by Prof. C.Busila, of the National Roumanian Institute 
for the Study of^the Development and Utilization of Sources of 
Energy, for the Advisory Committee on Improvement of 
Power Factor, of the International Conference on Large High- 
Voltage Systems. At the direction of the Standards Committee 
^f the Institute, an English edition has been published. This 
Jias had wide distribution both in thi^ country and abroad. 
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A limited number of copies is still available and may be obtained 
by addressing H. E. Farrer, Secretary, Standards Committee 
A. I. E. E.. 33 West 39tli St., New York, N. Y. 

The great importance of the questionnaire, representing as it 
does the most complete presentation thus far made of the various 
questions raised in regard to “power-factor audits improvement,“ 
renders it worthy of the most extensive consideration and pub¬ 
licity. Upon its reference to the Eleotrophysics Committee of 
the Institute, a sub-£roup of that committee was formed under 
the chawmanship of Dean O. J. Pergugon of the University of 
Nebraska to carefully study the questionnaire. This sub-group 
has asked that contributions be made upon the following points: 

I. Acceptable definitions for reactive power under each of the 
following conditipn^: 

1. Single-phase circuits, non-sinusoidal waves. 

2. Polyphase circuits. 

(A) Sinusoidal waves, unbalanced circuit. 

(B) Non-sinusoidal«waves. 

« (a) Balanced circuit. 

(b). Unbalanced circuit. 

II. Establishment of practical methods for the measurement 
of I’eactive power in each of the above cases. 

III. A^sdysis of present reactive-power clauses in contracts, 
and establishment of a practical and fair basis for rate-making. 

In approaching this problem, we recognize that we can limit 
ours6lv*es to theoretically correct bases only in so far as these are 
capable of giving practicable methods,—i. e,, comfortable prac¬ 
tise, without too great complexity or abstruseness. Rather than 
wander into involved gonditions, we may have to make empirical 
and arbitrary agreements which will meet the further needs of 
^practise. Rate-research committees, public service commit 
sions, manufacturers, operators, consumers, laboratory investiga¬ 
tors, research men*; all fliese must be satisfied that our proposals 
are not inimical to their interests, but are usable with a fair degree 
of justice, comfort and simplicity and that the range of usefulness 
is recognized. 

To whatever extent it is possible, new terms and multiplicity 
of methods must be avoideS. 

The subcommittee will be glad to have your constructive 
proposals upon certain points sent in duplicate to its secretary. 
Doctor M. G. Malti, Franklin Hall, Cornell University, Ithaca, 
N.Y. 

1. Are all the important objectives included, in the outline I 
have presented above? Are the statements sound? 

2. Shall the study be directed by the Roumanian question¬ 
naire, or shall a base be established along some such lines as 
above? 

3. What direction of "approach will be most effective,— 
theory or practise? 

I AMERICAN ENGE^RING COUNC^ I 

CONFERENCE OP ENGINEERING SECRETARIES TO BE HELD 
IN CHICAGO, JUNE 6-7, 1929 

The call for the Fourth Conference of Secretaries of Engineer¬ 
ing and Allied Technical Organizations has been issued by Mr. 
L. W. .Wallace Executive Secretary of American Engineering 
Council, 26 Jackson Place, Washington, D. C. 

The meetings will be held in the rooms of the Western Society 
of Engineers, 205 W% Wacker Drive, Chicago, Ill., as guests of 
the Society. 

The invitation was issued from the headquarters of American 
Engineering Council, April 4, ^ ^ 

,— -- • 

A- S. C. B. JOINS COUNCIL 

With the approval of Council Delegates, the American Society 
of Civil Engineers, with headquarters at 33 West 39th Stre^, 
New York, N. Y., ha® been admitted to membership in American 
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Engineering Council. The American Society of Civil Engineers 
was organized in 1852 and has a membership as of January 1, 
1929, of 13;577 professional engineers. 

The application was submftted April 3, 1929, in accordance 
with authorization of its Board of Direction, given on January 15, 
1929 and the delegates thus far selected by the A. S. C. E. are; 

For the term ending January 1, 1930; Baxter L. Brown, St. 
Louis, Mo.; L. L. Calvert, Philadelphia, Pa.; A. J. Dyer, Nash¬ 
ville, Tenn.; George T. Seabury, New l^rk; C.. E. Grunsky, 
San Francisco, Calif.; and Frank N. Gunby, Boston, Mass. 

For the term ending January 1,1931: H. S. Crocker, Denver, 
Colo.; A. J. Hammond, Evanston, Ill.; John C. Hoyt, Washing¬ 
ton, D. C.; Anson Marston, Ames, Iowa; Francis Lee Stuart, 
New York, N.Y.; and Frank M. Williams, Albany, N. Y. 

STREET TRAFFIC REPORT DISTRIBUTION PROGRESSING • 

The initial supply of 10,000 copies of American Engineering 
Council's Report on Street Traffic Signs, Signals and Markings is 
nearing exhaustion with the distribution wbicB was begun the first 
of February, 1929. Through their local sections, all of the 
national engineering societies are cooperating in bringing this 
report to tjie attention of the municipal authorities throughout 
the country, American Society of Civil Engineers, the AmericBH * 
Society of Mechanical Engineers and the American Institute of 
Electrical Engineers having done especially active work in this 
regard. • * 

The distribution of this report brings very forcibly to the 
attention of American Engineering Council the need for estab¬ 
lished engineering agencies in each state in the Union, in order 
that such matters may come to the attention not only of engi¬ 
neers, but the general public. Some states are cared for by state 
engineering societies; others have state engineering councils 
organized in much the same manner as American Engineering 
Council. Organizations in the following twenty states have 
definitely accepted responsibility for sponsoring the presentation 
of the traffic report in their respective states; Florida, Georgia, 
Illinois, Indiana, Iowa, Kansas, Kentucky, Louisiana, Maryland, 
Massachusetts, Michigan, Minnesota, Missouri, Oklahoma, 
Pennsylvania, Rhode Island, Tennessee, Virginia, Wisconsin 
and Wyoming. . 

Arkansas, Arizona, Colorado, Idaho, Montana, Nebraska, 
Nevada, New Mexico, North Carolina, North Dakota, Oregon, 
South Dakota, Texas, Utah, Vermont, and Washington ha\!^ 
organizations which have been approached to handle the distribu^- 
tion of the report, but have not as yet reported what action has 
been taken, and there are twelve additional states in which 
agencies are yet to be selected for this public service. 

In addition to American Engineering Council, two other 
national agencies have performed excellent service in the dis¬ 
tribution of this report. The U, S. Chamber of Commerce, 
under the direction of Col. A. B. Barber, has distributed over 
3500 copies through the various chambers of commerce, and the 
American Automobile Association, under Ernest Smith, has 
distributed approximately 1500 copies. Both the U. S. Chamber 
of Commerce and the American Automobile Association were 
participating agencies in the preparation of this report. 

ENGINEERS IN PUBUC LIFE 

A recent canvass by American Engineering Council of govern¬ 
ors of all states, and members of the Senate and House of Repre¬ 
sentatives discloses many engineers holding responsible positions 
in the political life of the nation. 

Those listed are divided into three classes,—those who are, or 
were at the time of their election to public office, professional 
engineers both by training and experience; those who have been 
engaged in work which is essentially engineering and which re¬ 
quires the engineering mode of t hinking and methodhf approach; 
and those who have received their basic training and education 
in engineering with a B. S. degree in an engineering school, but 
subsequently developed fields of other activity. 
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The governors who are professional engineers are Clayton 
D. Buck of Delaware, George H. Dern of Utah, F. C. Emerson 
of Wyoming, Morgan F. Larsoi^of New Jersey, and George A. 
Parks of Alaska. * 

• Governor John H. Trumbull of Connecticut has received no 
engineering degree, but has been engaged in the manufacture of 
electrical machinery, hliving been President of the Trumbull 
Electric and Manufacturing Company, Chairman of the Board of 
Colonial Air. Transport Company, Director of the Hartford 
Steam Boiler Inspection Company and similar enterprises. 
Governor Bibbs Graves of Alabama, although a lawyer, received 
his first degree as a Batchelor of Civil Engineering, University 
of Alabama. Governor O. M. Gardner of North Carolina, was a 
student at the State College of Agriculture and Engineering and 
received Bachelor of Science degree from the University of 
North Carolina. Governor Harry S. Leslie of Indiana, received 
the degree of Batchelor of Science from University of Purdue. 

Two recent and well-known ex-governors are professional 
engineers: James G. Scrugham of Nevada and James Hartness of 
Vermont, Past-President of American Engineering Council. 

The above names show a decidedly increasing tendency of the 
public' to trust men of engineering training with public office. 
In 1920 there were but two governors of states who could be 
placed in one of these three classes; in 1910 also there were but 
two. 

In the U. S. Senate of the 70th Congress there were five men 
with engineering training and experience: Vice-President Charles 
Dawes, who served as a major of the 17th Engineers, U. S. A., 
was in the Engineer Corps during most of his experience in the 
World War, and is Past-President of the American Society of 
Military Engineers; Senator R. B. Howell of Nebraska is a 
civil engineer, a graduate of the U. S. Naval Academy, and at one 
time City Engineer of Omaha and State Engineer of Nebraska; 
Senator H. W, Keyes of New .Hampshire, although a lawyer, 
received the B. S. degree from New Hampshire College; Senator 
Tasker L. Oddie of Nevada, is a member of the A. I. M. & M. E. 
Senator MiUard E. Tydings of Maryland is a graduate of the 
Maryland Agricultural and Mecbamcal College in the School of 
Mechanical Engineering. Thfl shows a decided increase in the 
mumber of men in public office who have engineering experience. 
In 1920 the Senate had but two men who could be placed in these 
classifications, and in 1910, there were but three. 

The House of Representatives does not show such a marked 
increase of membership of those who have engineermg training 
and experience. Nevertheless, there has been a steady inmrease 
since 1910. In 1910 it included three professional engineers and 
three members with engineering experience. Also, three with 
Bachelor of Science degrees. The House of Representatives in 
1920 contained two men with engineering experience and thirteen 
who had received B. S. degrees. 

The House of Representatives of the 70th Congress, 1929, 
contained a total of 21 members with engineering training or 
experience. 

Five Engitiflflrfi who may be classed as professional eng^eers 
are in Congress, They are; 

L. W. Douglas of Arizona, who studied mining and metallurgi- 
ca! engineering at M. I. T. and has six years of mining experience. 
H. L. Englebright of California, who graduated in mining engi¬ 
neering at the University of California. S. S. Arentz of Nevada, 
who is a mining engineer and graduated from the South Dakota 
Schools of Mines. (Past-President of the Utah Society of Engi¬ 
neers) Ernest R. Ackerman of New Jersey has been a member 
of the N. J. Geological Survey. J. T, Deal of Virginia is a civil 
engineer and a graduate of Virginia Military Institute. 

Members of the House of Representatives, 70th Congress who 
have had some engineering experience are, Paul J. Moore of 
New Jersey, Wm. L. Carss pf Minnesota, John McSweene^ of 
Ohio, Franklin Menges of Pennsylvania, and Louis Monast of 
Rhode Island. 

Those who have had training in some engineering institution 


and in most cases have received B. S. degrees from an engineemg 
college are: R. A. Green of Florida, L. J. Dickinson of Iowa, 
W. B. Gregory of Kentucky, David Kincheloe of Kentucky, 
W. P. Martin of Louisiana, W. P. Cole of Maryland, Jess Bushby 
of Mississippi, F. N. Hale of New Hampshire, A. J. Griffin of 
New York, George C. Peery of Virginia and E. T. England of 
West Virginia. 

STATES INTERESTED IN WATEK RESOURCES 

There is a movemen|; on foot among the various States of the 
Union to create an agency or empower an existing agency with 
authority to act in all matters appertaining to the water resources 
of the particular state. A number of legislatures are considering 
measures of tlSs character. ^ ^ 

One of the first states to pass such a measure is the State of 
North Carolina, the^act-as passed being a combination of House 
Bill 1149 and Senate Bill 1403, entitled, “An Act Providing for 
Administration and Control ^Over Interstate Waters.” 

- ^- 

The John Fritz Medal Presented to 
Mr. Hoover 

At a luncheon given by Mf. Hoover to present and past 
members of the Board of Award, preceding medalists, and presi¬ 
dents and secretaries of the American Societies of Civil, Mining 
and Metallurgical, Mechanical and Electrical Engineers the John 
Fritz Gold Medal for 1929 was presented to President Herbert 
HooVbr at the Executive Mansion, Washington, Thursday, 
25th April. 

This medal is the highest honor bestowed jointly by the four 
national engineering societies, whose membership is 60,000. 
It is awarded annually for “notable scientific or industrial 
achievement, without restriction on account of nationality or 
sex.” In accordance with custom, thC award to Mr. Hoover 
was made tentatively and without announcement in October 1927 
and was formally confirmed and annoi^nced one year later. 

At the presentation. Dean Dexter S. Kimball, of Cornell 
University, Chairman of the present Board of Award,«px*esided 
and gave a brief history of the medal. General John^J.^Carty, 
Past-President, American Institute of Electrical Engineers, and 
former member of the Board of Award, spoke briefly of the 
human elements of Mr. Hoover’s life work. Dr. John R. 
Freeman, Past-i^esident of the American Society of Mechanical 
Engineers and of the American Society of Civil Engineers, and a 
former member of the Board of Award, spoke of Mr. Hoover’s 
work as ah engineer; and Mr. J. V. W. Reynders, Past-President 
of the American Institute of Mining and Metallurgical Engineers 
and Chairman of the Board which made the award to Mr. Hoover, 
presented the medal, with the accompanying'' certificate, which 
read in part; “To Herbert Hoover, engineer, scholar, organizer 
of relief to war stricken peoples, public servant.” Mr.^Hoover 
responded with a brief address expressing his high appreciation 
of the honor conferred by the award of the medal. 

The luncheon which followed the presentation ceremonies was 
attended by President and Mrs. Hoover and the delegation of 
forty-two engineers. The A. I. E. E. delegation included 
President Sohuchardt, National Secretary Hutchinson and the 
following eighteen Past-presidents: Messrs. Adams, Arnold, 
Berresford, Buck, Garty, Chesney, Dunn, Fergnson, Gherardi, 
Jackson, Jewett, KeSmelly, Mailloux, McClellan, Osgood, Rice, 
Jr., Scott, and Stillwell. 


International Congress on Steel 
Construction 

In connection ^with the international exposition of leading 
ifiidustries at liege, Belgium in 1930, the sciences and their applica¬ 
tion, and ancient Walloon art will be reviewed by American 
engineers, steel manufacturers and others interested, who are 
i^.vited to participate in an International Congress of Steel 
Cionstruotion in Liege, Belgium, and to "present papers or to 
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contribute to the discussions. Suggestions for the program, 
if sent soon, will be welcomed. Intention to participate should 
be made known promptly so that future bulletins may be 
sent to persons interested. The Organizing Committee appeals 
to foreign specialists to send papers on problems which they have 
studied, besides becoming members of the Congness. Each 
national committee is requested to designate a reporter for each 
division of the general subject, this reporter to summarize the 
contributions from hiS country and to send the papers and reports 
to the Ejiecutive Committee in Belgium.^ A general reporter for 
each division will later be appointed to correlate all information 
for the Congress and start discussion. Papers will be furnished 
in advance copy form and the Executive Committee would 
therefor, like to i^c8ive the papers and reports by September 1929 
to insure printing and distribution well in advance. The four 
days of the congress will be between August*15 and September 16, 
1930. The official languages will be English, French and 
German; papers to be publish^ in their original languages 
, with summaries probably in all threePlanguages. 

In order to receive preliminary publications of the Con¬ 
gress, the fee of 36 belgas (approximately ^5) should be sent to 
Congres International de la Obnstruction Metallique, 4 Place 
Saint Lambert, Liege, Belgium, together with registration as 
follows: 

(Pull name)--- 


(Profeesion or business)- f. - 

(Pull address)- 

registers for the Industrial Congress of Steel Construction at Liege in 1930. 

He Intends to participate A the activities of the Congress- 

pe is socially interested in the following subject-- 

Data_^ • Signatura- 

A rooming service will be organized. There will be interesting 
excursions and social features. Ladies are invited and their 
visit will be mfiTde enjoyable. 

Americans are urged to collaborate because of their notable 
achievements in structural, steel. 


Cincinnati Holds Regional Meeting 

The fifth Regional Meeting of the Middle Eastern District 
of the Institute was held in Cincinnati, Ohio, with headquarters 
at the Hotel Gibson, on March 20-23. About270 were registered 
for the meeting. Pour technical sessions were held at which 17 
papers were presented. A report of these sessions is given below. 
A Student Activities session was another feature, and there were 
several inspection jrips and a convention dinner. 

At the Stddent Activity Session there were three addresses as 
given below, and a number of short reports by Branch repre¬ 
sentatives. The addresses were as follows: The Student Branch 
as a Part of ihi Institute Organizaiimt by H. H. Henline; The 
Student Convention^ Its Purposes and Procedure^ by Morland 
King, and Report on Work of Student Branches^ by L. A. Doggett. 
Fifteen Students then presented two-minute reports of the 
activities of their respective Branches. This part of the program 
was announced as a competition and prizes were awarded later 
for the reports which were considered best as follows: A first 
prize of $10 to R. B. McIntosh, Case Schoolpf AppHed Science, 
and a ^cond prize of $5 to C. C. Coiuter, West Virginia 
University. 

In addition to this meeting the Students and Branch Coun¬ 
selors attended luncheons on March 20 and 21. Great interest 
was shown in the meeting by the Students of whom 67 were 
registered. More information on the diacussion at the luncheons 
is published in this issue of the Joitenal *under ‘‘StudenJ 
Activities.** 

In the opening session on March 20, J. L. Beaver, Vice- 
President of the Institute in the Middle Eastern District, made ^ 
short address. He was followed by Charles Eisen, Presidenv 


Pro-tem of the Cincinnati Council who delivered a short speech 
of welcome. 

At the convention dinner !jjeld on the evening of March 21 
both PresiiJent R. F. SehuchaMt and Vice-President J. L. Beaver 
spoke. Then C. M. Newcomb talked very interestingly on the 
subject “What Are You Afraid Of?** Prof. A. M. Wilson 
presided at the dinner. * 

Several inspection trips were scheAiled to power and industrial 
plants. ^ 

A unique demonstration which attracted wide attention was 
made on the first evening of the meeting. On this evening an 
airplane flew over the city and when directly above the Hotel 
Gibson, the letters “A. I. B. E.** appeared in lights on the bottom 
side of the plane*s wings. An instant later by means of a radio 
impulse sent by the pilot from the plane, a set of floodlights on . 
the hotel was switched on, thus suddenly illuminating a large • 
fountain in front of the hotel. 

j^eport of Discussion • 

The following paragraphs give a summarized report of the 
discussion at the technical sessions. The papers presented at 
each session are listed and are followed by an account of the main 
points covered by the discussers. The complete discussion will • 
be published in the Transactions immediately following the 
respective papers: 

General Session ♦ 

Recent Developments in Telephone Construction Practises, by 
B. S. Wagner and A. C. Burroway. 

Illumination of Airports and Airways, by H. E. Mahan. 

Iron Losses in Turbine Generators, by 0. M. Laffoon and J. E. 
Calvert. 

In connection with the paper on telephone construction, C. A. 
Jaques asked if damage to cable sheaths is likely to result from 
forcing gas at 40 lb. pressure into the cable. Mr. Wa^er replied 
that any pressure below 50 lb. may be used with safety. 

After presenting his paper Mr. Mahan was asked about the 
suitability of the arc lamp and the neon lamp for airport lighting. 
He stated that illumination from the arc lamp is quite satisfactory 
but that it has the disadvantage of requiring a man to operate it. 
He said that although the neon lamp has been advocated arf 
especially efficient in piercing fog, recent tests have shown that 
it is not better than the incandescent lamp in this respect. • 

In discussing the third paper, L. A. Doggett asked if there ar§ 
any experimental data which confirm the theories presented. 
Mr. Calvert said he had obtained very little experimental con¬ 
firmation, though it is possible to get such data by very tedious 
methods. 

Automatic Stations and Welding Session 

Street Railway Power Economics, by J. A. Noertker. 

Automatic Mercury Arc Rectifier Substations in Chicago, by 
A. M. Garrett. 

Arc Welding of Steel Buildings and Bridges, by F. P. McKibben. 

Fabrication of Large Rotating Machinery, by H. V. Putman. 

T. H. Schoepf, discussing Mr. Noertker*s paper, said he be- 
liived that the fixed charges of 12 and 16 per cent respectively, 
as advocated in the paper, are too high. He claimed also that a 
charge of 2 per cent for taxes may not be correct as taxes are 
fixed rather arbitrarily by local boards. J. C. Bailey questioned 
the choice of 1000-kw. converters instead of 750-kw. machines as 
the smaller machines*would operate at higher load (76 per cent 
of rated load) and thus at a more efficient point. He stated that 
his company has found the d-c. typo of control for automatic 
stations superior to the a-c. type. In answer to Mr. Schoepf, 
Mr. Noertker explained that his figures for return on the invest¬ 
ment; include 2 per cent margin because the franchise of his com¬ 
pany limits the return to 6 per cent. In replying to Mr. Bailey 
he stated that there were two reasons why the 1000-kw. con- 
verjprs were chosen, (1) the 750-kw. converter is a faster ma- 
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chine (1200 rev. per min.) and is subject to higher maintenance 
costs, and (2) the 1000-kw. machines were placed in outlying 
territories where a growth of loadjis expected which could not be 
carried by the 760-kw. machines.® 

. In commenting on Mr. Garrett’s paper, Otto Naef pointed out 
the trend of substituting a large number of small automatic 
substations for a small ntimber of large stations. J. G. Swallow 
stated that on the Illineis«Central System there has resulted a 
gain in efficiency of If per cent on a capacity factor of 12 per cent 
when rectifiers were substituted for rotating converters. Mr. 
Garrett said that in his experience the gain in efficiency is great 
if the machine operates at low loads. In answer to a question 
by J. A. Noertker, he said that if a tank is opened only for 
inspection or cleaning the mercury the rectifier can be put back 
into operation in a very short time. If a new anode or insulator 
is needed considerable time is required to make the change and to 
season the machine before again putting it into operation; some¬ 
times as much as 75 or 100 hr. being required. 

In answer to several questions on his paper Prof. MoKibben 
stated that visual inspection is the only inspection applied to 
riveted joints in structural work. He explained that dependence 
is placed largely on the ability of the welders whq must pass 
very thorough tests before they are employed. He stated that 
welds made by the electric arc and the oxy-acetylene flame have 
the ^me strength. Atomic-hydrogen arc welding he said makes 
a denser weld with ^lightly higher elastic limit but no greater 
tensile strength. The atomic-hydrogen process he stated is 
not applicable to a building. He stated that many shops build 
up worn parts of machines by welding, such as flanges, shafts, 
etc. On this point H, V. Putman said that his company does not 
permit welding on shafts as residual stresses are produced which 
may cause failure under vibratory forces. 

In answer to questions on his paper Mr. Putman explained 
that the increased permeability of welded machine frames is not a 
factor in^e reduction of weight. He said that welded con¬ 
struction of machine spokes has eliminated the necessity for 
blowers on low-speed machines, while the windage loss is about 
the same. 

High-Speed Instruments and Measurements Session 
^ High-Speed Photography in Electrical Engineering^ by H. W. 
Tenney. 

^ Oscillographs for Recording Transient Phenomena, by W. A. 
Harrison. 

A New Type of Hofr-Cathode Oscillograph, by R. A. George. 

Bushing-Type Current Transformers for Metering, by A. 
Boyajian and W. F. Skeats. 

Excitation of Current Transformers under Transient Conditions, 
by D, E. Marshall and P. 0. Langguth. 

Morton Sultzer showed and explained a number of oscillograms 
taken with the instruments described in Mr. Marrison’s paper. 

In answer to several questions by W. L. Everitt, Mr. George 
said that if the filament in his osoillogz*aph were sealed in a tube, 
a long life would probably result. At present he said the life 
has not been long though it has sometimes run to 30 or 40 hr. 
The principal trouble he said has been caused by light oil vapors 
from the vacuum pump wHch apparently reduce the oxide on tte 
filament. He stated that there is not any appreciable dispersion 
of the beam at pressures less than 10 or 15 microns. He ex¬ 
plained that for moving the film from outside the tube a rod is 
used which passes through a joint packed with cotton covered 
with heavy grease. 

In discussing the paper on current transformers, C. T. Weller 
claimed that the accuracy of the modified method described is 
inferior to that of the standard two-stage method. Mr. Boyajian 
stated that this is not true if the “auxiliary impedance” is made 
of the correct value. A. M. Wiggins suggested that by losing 
high-grade core material such as hypemik, good results might 
be obtained without the complicated design described by Messrs. 
Boyajian and Skeats. Mr. Boyajian agreed with this Jout 


claimed that with a given material the two-stage transformer 
will give greater accuracy than the single-stage. 

Power Systems Session 

Electrical Equipment of Bar Plate and Hot Strip Mills, by J.B. 
Ink. ^ 

Fused Arcing Horns and Grading Rings, by P. B. Stewart. 

Operating Experience with the Low-Voltage A-C» Network in 
Cincinnati, P. E. Pinckard. r 

Quick-response Generator Voltage Regulator, by E. J. Burnham. 

J. R. North and I. R. l5ohr. 

Cathode Ray Investigation of Transrr^ission Lines with Artificial 
Lightning, by K. B. McEachron. ^ 

In connectidti with Mr. Stewart’s paper, Rr L. McCoy said that 
laboratory tests indicate that the fused aremg horns will be 
suitable for 110- and 132-kv. lines. S. M. Hamill, Jr., empha¬ 
sized the rapidity of the fuse’s action which is quicker than the 
fastest relay setting of about 9 cycles. C. L. POrtescue stated 
that his company is atteippfing to achieve similar results by 
incorporating into an insulator string the propertiesof a lightning" 
arrester. 0. S. Clark stated that tests have shown that there is 
only a remote possibility that bpth fuses in the arrangement will 
blow at the same time. H. C. Don Carlos asked if conditions 
warrant the expense of installing these rings and fuses. His 
company he said operates without any grading rings and has 
practically no outages caused by lightning. Mr. Stewart pointed 
out that lightning is more fr^^iuent on his own company’s lines 
and lhat two and three parallel circuits sometimes flashover at 
the same time. 

P. C. Hanker, in discussing the papey by Messrs. Burnham, 

. North and Dohr, stated that there are two ways of handling large 
loads placed suddenly on a system, (1) by using machines having 
suitable inherent regulation and (2) bjjr using a quick-response 
regulator as described in the paper. R. M.’Carothers pointed 
out that the vibrating type regulator also can be arranged for 
quick response. Mr. Burnham in anzwer to a question stated 
that special light contactors are used in the regulator. ^ 

C. L. Portescue, in connection *mth the last papeiT outlined 
some artificial lightning tests which his company is making on a 
220-kv. line now under construction. In these tests he hopes to 
obtain valuable data on the impedance of tower footings. Such 
tests, he stated, are much preferable to tests on .small-scale 
models. A. M. Opsahl described in more detail the tests on the 
220-kv. line mentioned by Mr. Portescue. W. L. Everitt sug¬ 
gested that the efiects of transients on transmission lines might be 
predicted by analyzing the lines in terms of bands of frequencies 
as is done on communication lines. In answer to a question 
Mr. McEachron stated that in his tests the disturbing effect -of 
the capacity of the cathode ray oscillograph is abbut equal to 
that of a string of insulators. 


Nation-Wide Radio Hook-Up on Safety 

In cooperation with the National Safety Council, the National 
Broadcasting Company announces definite dates for five of the 
thirteen speakers who will deliver weekly radio addresses in 
connection with the “Universal Safety Series,” which began 
April 20, with an initial speech by Charles M. Schwab, Chairman 
of the Board, Beth^em Steel Company, on “Safety a Factor in 
Industry” prefaced" by a few introductory remarks by Henry 
A. Renlinger, president of the National Safety Council. On 
May fourth program has scheduled as its speaker P. R. Crowley, 
President of the New York Central Railroad and the weekly 
programs from then on will include such men as Col. Robert P. 
Lamont, Secretary Qf Commerce (“Safety —a National 
J^oblem”); Docror Miller McClintock, Director of the Albert 
Russell Brsldne Bureau of Street Traffic Research, Harvard 
University (“Making our Highways Safe”); Mr. Grover A. 
/^Thalen, Police Commissioner of New York City (“Enforoement 
lls an Aid to Safety”); J. E. Sheedy, Executive Vice-President of 
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the United States Lines, New York City, (“Safety on the High 
Seas”) and the Honorable James J. Davis, Secretary of Labor 
(“Safety of the Worker”). Pour additional subjects will be, 
“Education—the part it plays in Safety,” “The Automobile and 
Safety,” “Safety in the Air” and “Summing Up.” Already 26 
stations are included in this hook-up and there aro others to 
join if a rearrangement of their present schedules will permit. 

A. I. E! E. Directors Meeting 

The re^lar meeting of the Board of Dft*ectors of the American 
Institute of Electrical Ei\^neers was held at the Hotel Gibson, 
Cincinnati, Ohio, on Thursday, March 21, 1929, during the 
• Cincinnati Region«|J Meeting of the Institute. 

There were prdfeent: President R. P. Schuchardt, Chicago, Ill.; 
Vice-Presidents 0. J. Ferguson, Lincoln, Neb.; J. L. Beaver, 
Bethlehem, Pa.; A. B. Cooper, Toronto, Out.; C. 0. Bickelhaupt, 
Atlanta, Ga.;. W. T. Ryan, Minneapolis, Minn.; Directors 
E. C. Stone, Pittsburgh, Pa.; C. E. Stephens, New York, N. Y.; 
•H. C. Don Carlos, Toronto, Ont.; P. J. Chesterman, Pittsburgh, 
Pa.; F. C. Hanker, East Pittsburgh, Pa.;B.B. Meyer, Newark, 
N. J.; J. Allen Johnson, NiagaraJFalls, N. Y.; A. M. MacCutcheon, 
Cleveland, Ohio; National Secretary, P. L. Hutchinson, New 
York, N. .Y. By invitation. Professor Harold B. Smith, presi¬ 
dential nominee, W orcester, Mass. 

The minutes of the Directors meeting of January 30,1929, were 
approved. * 

Approval by the Finance Committee, for payment, of monthly 
bills amounting to $24,174.99, was ratified. 

Upon the committee’s own recommendation, the Finance Com¬ 
mittee was authorized to invest at this time, $10,000 now avail¬ 
able of the sum set aside in the budget for the Reseiwe Capital 
Fund. 

The Board ratified tne action of the Executive Conpiittee, 
under date of March 11, on pending applications, as follows: 
207 applicantsiwore admitted to the gracte of Associate; 14 appli¬ 
cants were elected to the grade of Member; 11 applicants were 
transferf^d to the grade of Member; six applicants were trans¬ 
ferred to the grade of Fellow; 349 Students were enrolled. 

Reports were presented'of meetings of the Board of Examiners 
held February 20 and March 6, and the actions taken at those 
meetings were approved. 

In accordance with the request of the District officers, approval 
was given to holding the already authorized Louisville Regional 
Meeting during the week of November 17-21,1930. 

Upon the recommendation of the Chairman of the Sections 
Committee, authorization was given for the organization of a 
North Carolina Section of the Institute. 

Consideration was gjven to three communications from the 
Standards Committee, and in accordance with the recommenda¬ 
tions cojitained therein the following actions were taken: 

Approved fcfr adoption as an Institute Standard and for sub¬ 
mission to the American Standards Association, the standard for 
Four-pin Vacuum Tube Bases, developed by the Sectional Com¬ 
mittee on Radio, for which the Institute is joint sponsor with the 
Institute of Radio Engineers; 

Approved action of Standards Committee in declining an invi¬ 
tation to appoint a representative on the Sectional Committee on 
Standardizatiofi and Unification of Screw Treads, issued by the 
Americ*an Society of Mechanical Engineers,' co-sponsor with the 
Society of Automotive Engineers for this project; 

Approved the deletion of Rule 16000 (Standards for Heating 
Devices) of 1922 edition of the Af I. E. E. Standards, which has 
‘ never been replaced in the general work of revision of the Stand¬ 
ards; this action being taken because the rule “provides, in 
the opinion of the Standards Committee, for a test of such a loy 
value under present conditions that if put into use, it might cause 
considerable trouble.” 

Mr. L. A. Ferguson was reappointed a representative of tl|^ 
Institute on the Commission of Washington Award, for the two^ 


year term beginning June 1, 1929; and Mr. F. W. Peek was 
nominated, for appointment by the President of the National 
Academy of Sciences, as a repjesentative of the Institute on the 
Division o^Bngineering and Industrial Research of the National 
Research Council, for the term of three years beginning July 1, 
1929, to succeed Mr. Cary T. Hutchinson, whose term expires at 
that time and who is ineligible for immediate reappointment. 

The Board confirmed the appointiAen*b by the President of the 
following Tellers Committee to canvass an(^*eport qpon the votes 
cast by the membership for the 1929 election of Institute officers: 
Messrs. W. E. Coover (Chairman), W. C. F. Farnell, Alek 
Johnson, R. R. Kime, E. J. O’Connell, R. A. Rich, and John T. 
Wells. 

In acceptance of an invitation from the American Society of 
Civil Engineers to designate an Institute member to serve on a 
committee to make recommendations to the A. S. C. E, Board 
of Direction in regard to the award of the Alfred Noble Prize, it 
was voted to appoint, each year, the Chairman of the A. I. E. E. 
Committee on Award^of Institute Prizes for tBe past year. 

Consideration was given to a request from the American Com¬ 
mittee of the World Engineering Congress, Tokio, October 1929, 
to designate, from the list of prospective members of the •Ameri¬ 
can party prepared by the office of the American Committee, 
sevdn official delegates of the Institute to this Congress. It was 
voted that the President and the National Secretarj'^ be appointed 
as two of the seven, and that the Pi*esident,name the remaining 
five delegates. 

Other matters were discussed, reference to which may be found 
in this and future issues of the Journal. 


Annual Report of Engineering Societies 
Library 

The following is an abstract of the Annual Repprt of the 
Library Board to the United Engineering Society and to the 
Pounder Societies for the year 1928 presented at the annual 
meeting of the Library Board on January 10,1929. 

During the year, the recorded visitors numbered 23,470 not 
including over 5000 requests for information by telephone. 
Searches and translations were 202 and 221, respectively, while 
3637 individuals were supplied with photoprints. By various 
methods, a total of 37,000 members was served. The main 
collection totals over 130,000 volumes, pamphlets, maps, etc«, 
including about 8300 additions during the year. The record 
of the rental collection shows 317 members borrowed books. 
Receipts from the sale of books from the duplicate collection 
amounted to $1062.83. 

A study by the Trustees of operating cost resulted in the 
recommendation to the Pounder Societies of a distribution by 
which the expense is partially shared upon a per capita basis. 
This method was approved by the Pounders. 

The amount appropriated for operating expense for tlie year 
was $46,300. The operating cost was $45,584.10. The Service 
Bureau met its expenses from its receipt’s. 

« The complete report in pamphlet form may be obtained by 
addressing Harrison W. Graver, Director, Engineering Societies 
Library, 33 West 39th Street, New York, N. Y. 


1929 Officerst of Eye Sight Convervation 
Council of America 

Lawrence W. Wallace has been re-elected president of the 
Eye Sight Conservation Council of America, which is conducting 
a nationwide movement for better vision in industry and educa- 
tioiv Mr. Wallace is Executive Secretary of the American 
Engineering Council, and a Past-President of the Society of 
Industrial Engineers. Other officers for 1929 have been chosen 
as ^follows: Vice-President, Bailey B. Burritt, New York; 
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General Director, Guy A. Henry, New York; Treasurer, William 
R. Wall, New York. James J. Davis, Secretary of Labor, was 
named a member of the Board Councilors. The following 
were also elected to the Board: Dr. Arthur L. Day,*Director of 
the Geophysical Laboratories of the Carnegie Institution of 
Washington; Prof. Charles H. Judd, Director of the School of 
Education, University of Chicago; Dr. Frederick B. Robinson, 
President of the College t)f tJhe City of New York; Prof. Joseph W. 
Roe, h^d of. Industrial Engineering Department of New York 
University, G. E. Sanford, Schenectady, New York, past presi¬ 
dent of the American Society of Safety Engineers; Richard E. 
Simpson, Associate of the Institute and research engineer of 
Hartford, Conn.; Dr. John J. Tigert, former U. S. Commissioner 
of Education; Dr. Thomas D. Wood, Teachers College, Colum¬ 
bia University. 


CONDENSED FINANCIAL STATEMENT 
Calendar Year 1928 

Resources 

Balance January 1, 1928 
Temporary investments, Government 

securities. $28,303.38 

Cash. 3,491.67 $31,795.05 

f'' “ 

Receipts—Summary 
Income from endowment and tem¬ 
porary investments.. $31,075.73 

Income from sale of publications. 453.98 

Loss by matuHty of U. S. 3rd Liberty ^ 
bonds. ’3.06 31,526.65 




Dr. F. C. Caldwell, a Fellow of the Institute, and professor of 
electrical engineering at Ohio State University, and Dr. Morton 
G. Lloyd of Washington, chief of the Safety Section, U. S. 
Bureau of Standfi&ds and also a Fellow of the Institute, were 
elected to the Board of Directors. 

The Hoover Committee on Elimination of Waste in Industry 
attributed heavy industrial losses to defective eyesight of workers. 
The Eye Sight Conservation Council cooperated with the Com¬ 
mittee, and has carried on extensive research in this field. • 

Special Courses at Carnegie Institute 

Courses for teachers of electricity and industrial education 
wiE be given during a six weeks' period between June 28 and 
August 9, 1929 at the Twelfth Summer Session of the Carnegie 
Institute of Technology in Pittsburgh, according to an announce¬ 
ment from Dr. Roscoe M. Ihrig, director of summer courses. 
The courses will be given under the supervision of the Depart¬ 
ment of Electrical Engineering; and although, as the announce¬ 
ment indicates the courses in electricity are outlined primarily for 
teachers ^d supervisors, the work is also designed to have a 
special appeal to undergraduates and those who desire higher 
technical training. Courses available include Principles of 
Electricity, Elementary Electric Wiring, and Advanced Electric 
Wiring. Also, the College of Industries, wiU give courses in 
'Welding, and the college of Engineering will give various subjects 
under Chemistry, Physios, Mechanics, Surveying, and Engineer¬ 
ing Drawing. 

--——...... 

ENGINEERING FOUNDATION I 

I 

IttlllHHIIIHIIHHinilllNIIIIIUIIIIIIIIIUIIIIIIlillllllllllilNIIIMinlMINIIIIIIIIIllllimUIIIIIIHIIIimUllllIHUIIIIIllNIIIIIIIIIIHIIIIIIIIIIIIIIIIIIIIIIIIIIIIINIIIIIIIIIIIIMimimlHI? 

ANNUAL REPORT 

The Annual Report of Engineering Foundation for the year 
ending February 21, 1929, the fourteenth year of its existence, 
has just been issued. The following is an extract from opening 
paragraphs and a summary of the financial statement. The 
complete report can be obtained by addressing Engineering 
Foundation, 29 West 39th St., New York, N. Y. 


Total resources. $63,321.70 

Expenditures—Summary 

Research projects.T. $18,751.30 

Promotion of Research. 7,640.00 

Administrative expenses. 3,565.00 

C _;_ 

Total for furtherance and support 
of research. $29,956.30 

Balance January 1,1929. $33,365.40 

III! Mil II IIMIIIMIIIIIIIIIlirilllllllllllllHMMIIIIIIIIIIIMIIIIIIIIIIIIMIIIIIIIMIlMllimiHIIIIIIIHIIII^ 

PERSONAL MENTION 

^ I 

................... .1 

Ernest V. Pannbll, Consulting Electrical and Metallurgical 
Engineer, is now occupying offices in the Chanin Building, 122 
East 42nd Street, New York, N. Y. 

E. F. Whitney, man^iger of the Portland office of the General 
Electric Company since 1923 has iJeen appointed Assistant 
Manager of the East Central District with headquarters at 
Cleveland. 

W alter W. Meiers has resigned from the position of .Assistant 
Engineer with the N. Y. Central Railroad, New York City to 
become Power Engineer with the B. F. Goodrich Rubber Co., 
Akron, Ohio. 

John B. Yarmack, formerly of the Victor Talking Machine 
Company, is now with the firm of Foote, Pierson & Co., Inc., as 
Chief Engineer and Superintendent. The firm, which has been 
in New York City since its inception now moves into a new plant 
located at 75 Hudson Street, Newark, N. J. 

J. B. Clapp, who prior to March 1 was associated with the 
Public Service Electric and Gas Company’s Distribution Depart¬ 
ment, Newark, New Jersey, is now with the Copperweld Steel 
Company, as Sales Engineer in charge of the Ne'^ YorkUffiee at 
50 Church St. 

William N. Rbinhard, recently of the Lower St. Lawrence 


I 


“Experience is showing year after year the actual usefulness Power Company of Rimonski, Quebec, in the capacity of Chief 
and the much greater possibilities of the joint research organi- Engineer, has become the United States representative of the 
zation of our four senior national engineering societies with their T. D. Berry Co., Ltd., manufacturers and distributors of an 
60,000 members. Even with small and uncertain resources, instrument for live line testing of transmission line insulators, 
many members of these societies on special research committees E. Herzoq has resigned from his position as R^earch Engineer 

are making valuable cpntributiona of knowledge for the better- of the General Blecvric Company, West Lynn, Mass., torbeoome 
ment of engineering and industrial practises. The engineer’s Electrical Testing Engineer with the State Line Generating 
studies must include the effects of his technical activities upon Comply at Hammond, Ind., in charge of the Electrical Testing 
his fellow humans and their social organization. A science of Section of the Operating Department. 

humanios should be built up by research. J. C. Lincoln, formerly llfeesideht of the Lincoln Electric 

During the year, the Foundation continued its aid to researches Company , Cleveland, has been elevated to the position of Chair- 
concerned with arch dams,' concrete arches, steel columns for man of its Board of Directors. Mr. J. F. Lincoln, formerly 
bridges and-buildings, blast furnace slags, electrical insulation, Vice-President and since 1912 an outstanding figure in the eleo- 
lubrioation, engineering education and painting of wood. Much trioal industry, and among the first to envision the enormous 
energy was devoted, besides, to preliminary inquiries and other potentialities of electric are welding, now becomes President, 
preparations for two large new research projects: alloys of iron f William J. Lewis, Jr., member of the Van Rensselaer H, 
and wire ropes. • Greene management organization, has beep transferred to 
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Rocliester as its Secretary and General Manager and a Director 
of the Rochester Ice & Cold Storage Utilities, Inc., which owns 
and operates four ice plants and three cold storage warehouses, 
all electrically driven in the city of Rochester and a 12,000-ton 
Natural Ice property at Conesus Lake. • 

Walter Roland Roxbxjry, who for three years was Specifica¬ 
tion Engineer with *the New York Rapid Transit and later 
Coordination and Sjecification Engineer in the Bureau of 
Equipmeat and Operation of the Board rf)f Transportation, ^s 
recently resigned from the later organization to accept a position 
as Electrical Engineer of flhe New Yorker Hotel Corporation to 
supervise the installation of the entire isolated plant, auxiliaries 
and associated sy^fcehas. 


• » 

Obituary 

S izo Misal&i» who was elected to membership in the Institute 
jin December 1899 when he was chief engineer and superintendent 
for the Hanshin Electric Railroad Company, Kotee, Japan, died 
at his home at Ashiya, near Kobe, February 23, 1929, after a 
brief illness of only a few dayS. Born at Hiogo Gen, Japan, 
July 1867, Mr. Misaki was educated in the common and high 
schools there, and after his graduation, served a year as a teacher. 
Subsequent education was in a private, higher school at Tol^o. 
In 1887 he learned English in gra^jimar-school at San Francisco 
and later in the boys’ high school. In 1891-92 he was a student 
at the Stanford University and was graduated from the Electrical 
Department of Purdue University in 1894. He then entered 
the engineers office of^he Miyoshi Electric Works, Tokyo, and 
was also consulting engineer for the IGtano Electric & Mfg Co,, 
Osake, Japan. From 1895 to 1899 he acted as popular consult¬ 
ing engineer at Tokyo designing several large plants and machin¬ 
ery _in fact, almost all the newer type of machinery manufac¬ 
tured by the hfiyoshi Electric Works w^ of his design. While 
still a resident of Japan* Mr. Misaki made short trips to the 
United States to study electrical progress, especially with 
regard to railroading. Immediately prior to his death his court 
standing was raised to the sixth rank, junior grade in recogni¬ 
tion of his services to the State. 

William Nelson Motter, who has been prominently identi¬ 
fied with the Allis-Chalmers Manufacturing Company, died 
March 9 at Milwaukee, Wis., at the age of 56. Mr. Motter 
joined the Institute in 1910 as an Associate and was made a 
Fellow in 1912. After teaching for two years at Purdue Uni¬ 
versity, from which he graduated in 1896 with honors, he began 
his engineering career. For the last twenty years he has engaged 
in the design of ditect-current machinery for the Allis-Chalmers 
organization^ that for the exposition at San Francisco in 1915 
was also designed and installed by Mr. Motter, as well as that for 
CTmi1fl.r project® at Niagara Falls and Philadelphia. He was a 


member of the Milwaukee Engineering Society, Milwaukee, 
Wisconsin, which has been his city of residence for some time. 

Valere A* Fynn, nationally known consulting engineer and 
inventor, a member of the Institute since 1909 and a Fellow since 
1912, died March 20 at St, Luke’s Hospital, St. Louis, Mo. He 
was 58 years of age. Born in Russia, when his father, Irish by 
birth, was building the imperial railroads there, he received his 
technical education at the Swiss Federal ^Polytechnic, Zurich. 
His practical engineering experience was obtained with Brown 
Boveri & Company, Switzerland, and with Easton, Anderson & 
Golden in London. He subsequently established his OAvn con¬ 
sulting engineering offices in London. Perhaps his greatest achieve¬ 
ment was his contribution to the development of the single-phase 
motor and other inventions relating to motors, among which the 
Fynn-Weichsel motor is outstanding. In 1905 he published his 
solution of the problem of speed regulation of single-phase 
motors following a long series of inventions in this field, the de¬ 
velopment of a number of new motors and tlfe improvement of 
types already existent; in fact, Mr. Fynn had come to be recog¬ 
nized as an authority on patent matters and had over 300 patents 
to his credit^in nine different countries. His single-phase motors 
were manufactured by the Elektricitfiits-Gesellschaft Alioth of 
Switserland, France, Germany, Italy and Spain and the General 
Electric Company of England. In 1909 he tiunsferred his 
interests to the United States, and from that year until 1921 he 
was consulting engineer for the Wagner Electric, which took out 
licenses xinder almost all of his numerous patents. During the 
twelve years of his affihation with this Company, Mr. Fynn 
gave it his almost undivided attention, but since 1921 he has been 
engaged in an independent consulting engineering service, vdtli 
offices in St. Louis, Missouri. He was a member of the Institu¬ 
tion of Electrical Engineers, London and was an enthusiastic 
outdoor man, holding membership in the Alpine Club (London) 
the Swiss Alpine, the Academical Alpine (Zurich), thejA^®^^^’^ 
Alpine, the Canadian Alpine, the French Alpine, Italian Alpine 
and the Racquet of St. Louis. His is one of the oldest families 
of Galway County, Ireland. His contributions to technical 
Hterature are, “A Single-Phase Commutator Motor,” “Torque 
Conditions in Alternating-Current Motors,” “The Design of Di-^ 
reet-Current Machinery,” “Characteristics of the Asynchronous 
Single-Phase Shunt Induction Generator with Self-Excitation, 
“A Contribution to the Theory of the Single-Phaselnductioi^ 
Motor,” “The Classification of Alternating-Current Motors,’i 
“No-Load Conditions in Self-Excited Single-Phase Shunt Induc¬ 
tion Motors,” “Factors Affecting the Design of Self-Excited 
Single-Phase Shunt Induction Motors,” “A New Self-Excited 
Synchronous Induction Motor,” “Another Form of Self-Excited 
Synchronous Induction Motor,” “A New SeparaUy Excited 
Synchronous Induction Motor.” Many of which were presented 
before the membership of the Institute at its various conventions. 


..iMNitiiiinniiiiininiiiiNimiiiniiiiiiiHMtiiiHiiiiiuniiHiMiiiinMiliiniiiigiiinH 

A. I. E. E. Section Activities 


• FUTURE SECTION MEETINGS 
• Cleveland 

Annual Dinner Meeting. Speaker: R. F. Schuchardt, 
President, A. I. B. B., Bleotrio League Rooms, Hotel Statler, 

May 23. • 

Columbus 

Powev Supply fot Rcdlwuy Siynols uud A-uiofnaiic Tvo/iu 
Control, by C. P. King, Jr., Westingliouse Electric & Mfg. 
Afternoon session, 2:30 p. m., Ohio Power Co. Building, Newark, 
Ohio. Inspection of Pennsylvania Railroad automatie train 
control substation in Newaik. Evening session, 6:30 P-i“* 
Chittenden Hotel, Colunibus. Ladies Night. Election 61 
officers. May2^. . ■ . 


Detroit-Ann Arbor 

Overhead Line Research, Ann Arbor, May 21. 

, Lehl^ Valley 

Power Transmission, by A. 0. Austin, Ohio Insulator Co. 
Inspection of Hazleton Service Depot. Altamont Hotel, 
Hazleton. May 10-11. 

Madison 

Election of Officers and diowing of Baron Shiba’s high speed 
film? May 22. 

Niagara Frontier 

TJie Cascade Tunned, by J. B. Cox, General Electric Co. 
Election of officers. May 24. 
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JO^imal A. I. E. E. 


Pittsburgh 

Ladies Night. Meeting and I^inner Dance. May 14. 

St* LoAris * 

May 15. 

June 19. 

• Seattle 

Competitive Papers. •Mtby 21. 

• Sharon 

Communism, by Capt. J. R. O'Brien. Banquet Meeting. 
June 4. 

Toronto 

• Ladies Night. Election of Officers. May 10. 

Utah 

Joint meeting with University of Utah Branch. May 13. 

Vancouver 

Annual Dinner. June 4. 

Washington 

High-Capacity ^Mercury Are Rectifiere, by F. A. Paron, 
General Electric Co. May 14. 

• NEW YORK SECTION 

• Expansion of Activities 

As announced in the April issue of the Journal, the New York 
Section has recently had under consideration a considerable 
^ expansion of its activities, including the organization of several 
groups for the purpose of carrying on activities that are deemed 
of particular interest to such groups. The * Tower Group" has 
already organized and it held a meeting on the evening of April 10 
as reported below. 

At a meeting of the Executive Committee of the Section held 
on April 3 the following plan “for expanding the activities of the 
New York Section” was adopted: 

Whereas, Sec. 26 of the By-laws of the New York Section 
state tha1j,,“in order to provide for the proper handling of the 
Section's routine work and the management of its affairs, the 
Executive Committee may adopt in connection with these By¬ 
laws such rules and regulations as may be found necessary; but 
no rule or regulation shall be adopted which will conflict with 
these By-laws or with the Constitution and By-laws of the 
Institute;” and 

Whereas, it appears desirable to expand the activities of the 
New York Section in order to provide opportunities for greater 
participation by the membership, particularly the younger group, 
in its various activities, both technical and administrative; and 

Whereas, this matter has been considered by special commit^ 
tees of the New York Section, which, after careful consideration, 
have made various recommendations as outlined below; therefore 

Resolved : That the following regulations be hereby adopted, 
to take effect immediately: 

Technical Groups 

Organization, Technical Groups shall be organized for the 
purpose of conducting meetings and carrying on other activities 
that are deemed of particular interest to such groups, but open 
to the entire membership of the Section, for example 

A Power Group , 

A Transportation Group 
A Communication Group 

(The Power Group has already organized and has elected tem¬ 
porary officers to serve until there is an election of officers whose 
terms will begin August 1,1929.) 

Whenever there appears to be a desire on the part of the 
membership to organize a new Group, the chairman of the 
Section shall appoint a special committee to investigate the 
matter and report its recommendations to the Executive Com¬ 
mittee of the Section. If a decflsion is made to organize a Group, 
the chairman of the Section shall then appoint an Organizing 
Committee, which shall be responsible for malnttg the proposed 
plan known to the membership of the Section, and shall arrange 
for and conduct an election of temporary officers to serve until 
the next regular election. 


Officers and Executive Committee. The Officers of each Group 
shall include a chairman, a vice-chairman, and a secretary; and 
the Executive Committee, which shall be responsible for all 
activities of the Group, shall consist of these three officers, and 
such otheimiembers as they shall elect. 

Election of Officers. Each year, prior to March 1, the chair¬ 
man of each group shall appoint aNominating Committee, which 
shall report its recommendations regarding the nomination of 
officers to the first meeting of the group held after Malch 15, at 
which meeting other members in addition to those named by the 
Nominating Committee may be added to the list of nominees by 
a majority vo^ of the meeting; and at the next meeting of the 
Group, officers shall be elected from this list? of nominees, by 
majority vote of the members of the New York Section present, 
for the term of ontf year beginning on the following first day of 
August, and thereafter until their successors are elected. 

Committees. The chairman* of the Group shall appoint such 
committees as may be deenfed desirable to carry on tiie meetings, 
or other activities subject to the approval of the Group Executive 
Committee. 

ExrOffido Membership on various Committees of the Section 
The Chairman of each Group shall be a member, ex-officio, of 
the Finance Committee of the Section, thus pi’oviding for the 
necessary coordination in connection with the financing of all 
Group activities. r 

The chairman of each Group Committee shall be a member, 
ex-officio of the corresponding committee of the Section. 

Relations with Institute Headquarters, The relations between 
the New York Section and the National'"Headquarters in New 
York are in general identical with the relations between the other 
Sections and Headquarters; but the New York Section, in ac¬ 
cordance with arrangements made witirthe National Secretary, 
may have the advantage, if desired, of the use of the facilities of 
the mailing department, maintained at^Headquarters, including 
the addressograph stencils for the entire New York Section 
membership. (Separate mailing lists for the different Groups 
will not be maintained.) A proper" charge against Jh^ funds 
available for the New York Section will be made for this service. 

Reports, Reports of all Group activities shall be made by the 
secretary of each Group to the secretary of the New York 
Section, who, in turn will make reports to the National*Secretary, 
as required by See, 58 of the Institute Constitution. 


As a step in carrying out this plan the Executive Committee 
deemed it de^able to provide for the expansion of the standing 
committees of the Section and accordingly, a proposed amend¬ 
ment to the By-laws was approved by the Executive Committee 
and a copy of the proposed amendment was mailed to all the 
members of the Section accompanied by a notice that the pro¬ 
posed amendment would be voted upon at the nex^meeti^ of the 
Section on April 26. 

The amendment provides for five standing committees, in 
addition to the Executive committee, as follows: (1) Program; 
(2) Entertainment; (3) Membership; (4) Finance; (5) Publicity. 

CONTACTS BETWEEN ENGINEERS AND THE PUBLIC 
DISCUSSED BY THE TORONTO SECTION 

At a meeting of &e Toronto Section held on March 8, 1929, 
E. M. Ashworth, (Jen. Mgr., Toronto Hydro-Electric System, 
presented a paper entitled The Electrical Engineer and the 
Public, in which he discussed the natural tendencies of engineers 
toward concrete and physical ideas and away from the meta¬ 
physical and abstract, with an inclination toward repression of 
visionary tendenoies. Methods by which engineers can serve 
ihe public were mentioned. 

Important contributions to the discussion of this subject were 
made by Chairman E, M. Wood, Vice-President, A. B. Cooper, 
U. P. Dobson, A. E. Davison, C. B. Sisson, H. C.. Powell, and 
Wills MacLachlan, aH of whom emphasijzTed the importance of 
wider contacts betw^n engineers arid others. 
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President R. P. Sehuchardt urged that engineers serve the 
public through the dissemination-of the specialized information 
with which they are so familiar. As specific instances in which 
they might be of real service, he mentioned traffic, zoning, 
conservation of beauty spots, presentation of humatdatic aspects 
of engineering, contacts with students and recent graduates, etc. 

Efforts of the University of Toronto to develop the cultural 
side of the students were summarized by Professor H. W. Price. 
Atlendait^e 82. • 

ilOlNT SECTION AND &RANGH MEETING IN CLEVELAND 

The second annual Joint Meeting of the Clevel^d Section and 
the Case SchooLol Applied Science Branch was held in the 
Electrical Building, Case School of Applied Science, on March 
19th, 1929. The dinner preceding the phogfam was attended by 
eighty persons and was made especially interesting by informal 
introductions by Professor H. B. Dates, the first Chairman of the 
• Cleveland Section, of seven other PaSt Chairmen, Mr. Henderson 
the present Chairman, and several guests. 

The program, which was arranged for by the officers of the 
Case School of Applied Science Branch, was as follows: 

Welcome, W. A. Thomas, Chairman, Case School of Applied 
Science Branch. 

Address, E. W. Henderson, Chairman, Cleveland Section, 
A. I. E^ E. • 

Activities of the Case Branch, W. A. Thomas, Chairman, 
Case School of Applied Science Branch. 

Address, J. L. Beaver, Vice-President, Middle Eastern District, 
A. I, E. E. 

The Motor Coach in Urban Transportation, L. W. Bale, 
Tyiember, Case School of Applied Science Branch. 

The Failure of Our "Present Definition of Capacity, R. W. 
Schindler, Member, Case School of Apphed Science Branch. 

The Student^ Branch a Part of th% Institute Organization, 
H. H. Henline, Assistant National Secretary, A. I. E. E. 

Aftdrjfche program, at which the attendance was about 126, 
all the^ laboratories were ^5pen for inspection, and all present 
enjoyed this opportunity to become better acquainted with the 
work done by the electrical engineering department as well as to 
engage in informal discussion. 

JOINT SECTION AND BRANCH MEETING AT MILWAUKEE 

The Milwaukee Section and the Student Branches at Mar¬ 
quette University and tlie School of Engineering of Milwaukee 
held a joint meeting at the School of Engineering on March 6, 
1J929, and participated in a symposium on the subject What does 
the College Graduate Expectvf Industry and What does the Industry 
Expect of Him? 

The students* side of the subject was presented by the follow¬ 
ing men who were chosen by competition in their Branches: 

J. Hahn, Marquette U niversity 
Henry Haase, Marquette University 
George Henkel, School of Engineering of Milwaukee 
The industrial aspects were presented by the following local 
engineers: 

H. S. Day, Wisconsin Telephone Co. 

E. G. Pftterson, Cutler-Hammer Mfgji Co. 

•W. J. McCarter, Milwaukee Elec. Ry. & Lt. Co. 
President R. P. Schuchardt closed the program with a sum- 


electrochemistry and electrothermics, touching upon the develop¬ 
ments in the electric furnao^ industries; in steel, the ferro¬ 
alloys ; the ^owth of aluminunf and the new beryllium. Methods 
of combating corrosion; the use of chromium; the electrochemis¬ 
try of gases. The talk was illustrated wdth many slides and 
exhibits of articles now being manufa(?tured as a result of the 
progress described. Dr. Pink closed^his talk with a description 
of the work he is doing for the museums^of New York in the 
restoration of ancient bronzes. 

Power Group Meeting. On April 10 the first meeting of the 
newly organized “Power Group of the New York Section” 
was held. The new plan of increased New York Section 
activities is described in detail elsewhere. The meeting, was 
held in Engineering Societies Building. George Sutherland, 
temporary chairman of the Power Group presided and opened • 
the meeting by calling on Chairman Tapscott of the New 
York Section who outlined the new plan of group activities. 
The first scheduled ^speaker, L. G. Colscffi of the United 
Electric Light and Power Company gave a talk on the “Proposed 
Vertical Network Distribution Plan for Serving the Chrysler 
Building.”, He was followed by J. M. Comly of the 
Brooklyn Edison Company who described the “Design Poatuises * 
of Network Equipment Used in Brooklyn—Relation between 
Large Customer Services and Network Sj^stem—^Network 
Voltage Regulation.*’ Both talks were illustrated. Consider- • 
able discussion then followed on both presentations. There was 
an unexpectedly large attendance, over 360 members and guests 
being present. 


PAST SECTION MEETINGS 
Akron 

Modem Power Plant Design and Some Possibilities in High^ 
Pressure Applications in the Future, by B. H. McFarland, 
Mgr., Philo Plant, Ohio Power Co. Talk by Prof. J. L. 
Beaver, Vice-President, Middle Eastern District, A. I. E. E., 
on his recent trip to England and the Continent. At a 
dinner preceding the program Prof. Beaver gave a short 
talk on the activities of the Institute. Joint meetmg with 
Akron Section, A, S. M. E.^ March 8. Attendance 84. 


Baltimore . 

Welding of Steel Bridges and Buildings, by P, P*. McKi^en, 
Consulting Bngr. Illustrated. Baltimore Section, A. I. E. E. 
invited to meet with A. S. C. E. Section and the Engineer^ 
Club of Baltimore. October 26. Attendance 60. 
Inspection trip to Steel Plant, farrows Point. Joint mt& 
A. S. M. B. and the Baltimore Engineers’ Club. November 
9. Attendance 260. 


High Tension Insulators, by D. H. Rowland, Itesearch Engr., 
Locke Insulator Corp. Inspection tnp to Plant of 
Insulator Corp. was held prior to the meeting. Refresh¬ 
ments served. November 16. Attendance 150. 

The Development of Lighier^Than-Air Ships, by W. W. Pagon. 
January 10. Attendance 95. 

Diesd Electric Briaa 1^7 H. C. ^lei^. 

Westinghouse Elec. & Mfg. Co. March 1. Attendance 9o. 

Ekctried Eyes and Their Use in Communicaiion, by John Mills, 
Director of Publication, Bell Tdwhone jW)oratories. 
A. S. M. B., I. B. S., and Engineers Club mvited to partio- 
* iwra.itnli IK At.tAndfl.iice 205. 


Qevdaiidi 

Joint meeting with the Case School of Allied Scien^ Br^^. 
See more complete report m Student Activities Dept. 
Mn.Tch 19. Attendance 125. 


mary of the talks mentioned above. 

The Section announced the egtablishment of two prizes for 
student papers presented in the Milwaukee territory by May 2, 
1929; a first prize of $26.00 and suitable medal, and a second 
prize of $10.00 and medal. The attendance was 76. ^ 

recent new YORK SECTION MEETINGS 

New Developments in Electrothermics and Electrochemistru. 
On the evening of Friday, March 22nd, the New York Seem 
had as a speaker, D!r. Colin G. Pink of Columbia Umversity. 
Dr. Pink gave a very interesting review qf recent progress m 


* Gincinnati. 

Human Reactions to Lights (mth demonsteatioM),. by ^ 
’ 2, Freeman, Director, Lightdng Bureau. The Union (^s & 

,nd Effio Co. (Ulustr^ed). D. J. Finn, Edison Lamp 

Works, General Electric Co., made an annpunTOment 
• regarding Lights Golden Jubilee Year. April 11. At- 

. tendance 46. ^ 2 . 

Gonnecticnxt 

Lty. Engineering Education, by Prof. C. P. Scott, Yale University, 
i in SUdes. 
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Machine Tools—The Conquerors of One Thousandth of an Inch 
and One Second of Time, by L. D. Burlingame, Brown & 
Sharpe Mfg. Co. Slides. 7Hh meeting, joint idth Water- 
bury Section, A. S. M. E., preceded by a dinner. March 21. 
Attendance 60. 

Dallas 

The Physical and Psychological Principles Underlying Television^ 
by Dr. J. 0. Perrme, fingr., Information Dept., American 
Tel. & Tel. Co.^ Slides and demonstrations. March 27. 
Attendance 343. 

Denver 

Social meeting arranged by the Ladies Entertainment Com¬ 
mittee. Dinner followed by a card party. March 14. 
Attendance 74. 

Detroit-Ann Arbor 

Recent Developments in Speech Transmission, by S. P. Grace, 
Assistant Vice-President, BeU Telephone Laboratories, Inc. 
Demonstrations, Joint meeting with Detroit Engineering 
Society, preceded by a dinner. J. J. Shoemalcer, Chairman, 
Membership Committee, reported upon the work of the 
Committee and announced the appointment of a special 
Graduates Follow-Up Committee of the Membership 
Committee. March 15. Attendance 250. 

Erie , 

Wielding, by D. H. Deyoe, General Electric Co., Schenectady, 
and R. C. Marthens, Westinghouse Electric & Mfg, •Co. 
Slides. March 19. Attendance 140. 

Fort Wayne 

Gaseous Discharges and Hot Cathode Neon Tubes, by C'. G. Pound, 
Research Laboratory, General Electric Co. Slides and 
demonstrations. Motion pictures shown before and re¬ 
freshments served after the meeting. March 21. At¬ 
tendance 50. 

Houston 

The Physical and Psychological Prin<^les Underlying Television, 
by Dr. J. 0. Perrine, American Tel. & Tel. Co. March 29. 
Attendance 250. 

^ Kansas City 

Physical and Psychological Pnnd'j^s Underlying Television, by 
Dr. J. 0. Pemne, American Tel. & Tel. Co. Demonstrar 
tions and slides. Brief talks by A. E. Bettis, Director, 
A, I. E. E., and C. A. Ulffers, General Mgr., Southwestern 
Bel Tel. Co. Vice-Presiddnt B. D. Hull gave a brief talk 
and announced the Regional Meeting to be held in Dallas, 
May 7-9. March 25. Attendance 300. 

Lehigh Valley 

WhaVs Going on in Anthracite, by R. C. Haines, Executive 
Secretary, Anthracite Cooperative Association, and 

taking Sound Visible and Light Audible, by John B. Taylor, 
Consulting Ei^., General Electric Co. Slides and demon¬ 
strations. WiDres-Barre, March 22. Attendance 161. 


kes-Barre, March 22. Attendance 161. 


LouisviUe 

Narrowe<^iing, hy J. B. Taylor, Consulting Engr., General Elec- 
tnc Co. ^ Illustrated, demonstrations. Address on planning 
^d zoni^ in other cities and contemplated developments 
m !^uiville, by Harland Bartholomew, Consulting Engr., 
St.^uis, recently selected as Engineer for the Cily Planning 
& f Commission of Louisville. Engineers & Archi- 
tects Club and Louisville Section, A. S. M. E., invited to 
attend. March 19. Attendance 112. 

Lynn 

Tran^UiMc "^leph^ Circuits, by D. W. Gilman, New TBnglftn/l 
Tel. & Tel. Co., Northern Area. Dluslarated lecture. 
Motion picture, entitled ‘‘Driving the Longest Railroad 
Tumel m the Western Hemisphere.” March 20. At¬ 
tendance 127. 

The 0^ the New Day, by David Vaughan, Professor of 

JSoeial Ethics, Boston University. Eight entertainment 
after address. March 30. Attendance 279. 

Madison 

arrw Systems, by H. R. Huntley, Transmission 

Telephone Co. Slides. Mardi 20. 

Milwaukee . 

Ttiej^ ^J^ peaters, by 0. F. WaJlman, Wisconsin Telephone 


Electrically Welded Steel Structures, by P. P. McKibben, Con¬ 
sulting Engr., General Electric Co. Meeting held with 
Milwaukee Engineering Society, preceded by a dinner. No¬ 
vember 21. Attendance 165. 

Power Factor and Means for Its Improvement, by S. H. Morteusen, 
Allis-0halmers Mfg. Co. Slides. December 5. At¬ 
tendance 53. 

Application of Modem Illumination to Business, hy I. L. llling, 
Illuminating Engr., Milwaukee Electric Railway and Light 
Co. Demonstrations. January 9. Attendance 70. 

The Photo-Electric Cell^and Us Uses in Communication, by l^r. 
J. 0. Perrine, American Tel. & Tel. Co. Demonst rations of 
talking moving pictures. February 18. Atteudaiice 225. 

Symposium or^ subject “What Does the College Graduate Ex¬ 
pect of Industry and What Does the Industry Expect of 
Him?” See more complete report elsewhere in Section 
Activities Dept^ March 6. Attendance 76. 

Minnesota 

Recent Research Development, bv C. E. Skinner, Asst. Director of 
Engineeri^, WestinghpuSe Elec. & Mfg. Co. Demonstra¬ 
tions. Dinner preceded the meeting, held jointly with' 
Minne^ohs Engineers Club, St. Paul Engiueers Society, 
A. S. MT. E. Sections, and University of Minnesota Branch, 
A. I. E. E, March 11. Attendance 175. 

Nebraska 

Outstanding Achievements of Research Work in the General Electric 
Company, by H. D. Sanborn, General Electric (‘o., C^hicago. 
Motion picture “Beyond the Microscope.” Reading fif 
general letter dated Marct 9,1929, on subject “Apiireciat ion 
of the Engineering Profession;” reading of Presuient It. F. 
Schuc^dt‘s message in March Joxjunal. Nominating 
committee appointed. L. F. Wood, Secretary, chosen as 
Section Delegate to Summer Conyention. March 28. 
Attendance 30. 

Niagara Frontier 

Experiences with the White Indians of Darien, by H. O. Marsh, 
Research Engr., Dupont Rayon cCo. Maps and slides. 
M!usic. Dinner preceded the meeting. A. I. E. E. Ladies 
Night. January 18, Attendance 40. 

Oklahoma 

The Engineer in the Public Utility, by H. S. Thompson^ (in¬ 
sulting Engr., Oklahoma City. §hort talk by Dean Felgar, 
University of Oklahoma, on some of the edueationa-t prob- 
lems in engineering. Dean Phillip S. Donnell, Oklahoma 
A. & M. College, gave a brief talk. Prof. F. G. Tappan, 
Umversity of Oklahoma, made an announcement regarding 
Regio^ Meeting to be held in Dallas, May 7-9, March 12. 
Attendance 60. 

Philadelphia 

Joint meeting with Student Convention. See page 330 of April 
J oxTRNAL for complete report. March 11. Attendance 205. 

Mea^remeni of the Effeds of Lightning on Transmission Lines, 
S? S. Lee, General Engineenng Laboratory, General 
Electnc Co. Illustrated with slides and moving pictures*. 
Dinner preceded the meeting. April 8. Attendance 108. 

Pittsburgh 

Long Distance Toll Cable Transmission, by J. A^ CadwUllader, 
Engr. Tra^mission & Outside Plant, The Bell Telephone 

Electrical Section, Engineers Society 
of Western Pa. March 12. Attendpjice lOL 

Portland 

Bridge Building, by Dr. Steinman of 
Stemmy & Robson, Consulting Engineers. Joint meet- 

^ mg of all engineering societies. March 8. Attendance 130. 

Bssearcli of the Westingho-m Electric 

Manufactunng Company, hy C, E. Skiimer, Assistant 
Dnrector of Engineenng, March 21. Attendance 120. 

Rochester 

Progr^s of X-Ray m Medicim, Research, and Industry, bv 
1. C. jeman, Director, Educational Dept., Victor lllUv 
^ip. Slides. Joint meeting with Rochester 
Moiety and Rochester Section, I. R. B., preoec^ 
dinner. Ma*ch 16. Attendance 77. Preoeaea by a 

St* Louis 

Hi Western Union Tele- 

. graph Co. Shoes. Nominating Committee elected At 

r. tMdanoe prmes awarded to Ehner Asohemeyer H Norr^ 
Oiroman, Jr., Geo. R. Thatcher, W. R.^WtfiCT E « 
MolV*!. and G. A. Waters. March 20.' & 
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San Francisco 

The Electrical Breakdown of Gases at Atmospheric Pressure^ by 
Dr. L. B. Loeb, University of California. Local members, 
American Cbemical Society, invited. Dinner preceded 
meeting. Entertainment provided by three students of 
University of California. March 1. Attendance 140. 

Schenectady * 

The Tran^ormer for Superpower Transmission and Distribution, 
H. O. Stephgns, General Transformer Engg. Dept., 
General Electric Do., Pittsfield. January 26. Attendance 
150. • . 

High Tension Underground Cable Research and Development, by 
G. B. Shanklin and G. M. McKay, General Electric Co.; 

Line-Start Induction Motors, by C. J. Koch, General Electric Co., 
and 9 ^ 

Telemetering, by D. H. Linder, C. E. Stewart, H. B. Rex, and 
A. S. Fitzgerald, General Electric Co. The above papers 
were presented at the A. I. E. E. Winter Convention. 
February 1. Attendance 200. 

Latest Devdop^nis in Traffic Control, ^ J. G. Regan, Central 
Station Dept., General Electric Co. February 15. At- 

• tendance 2CiO. 

Modem Engineering Economics, by Dean D. S. Kimball, Dean of 
the College of Engineering, Cornell University. March 8 . 
Attendance 400. 

, Seattle 

The National Engineering Societies and Their Cooperation in 
National and IfUemalional Matters, by C. E. Skinner, Assis¬ 
tant Director of Engineering, Westinghouse Electric & 
Mffe, Co. Annual joint meeting of local sections of the four 
Founder Societies. Dinner preceded the meeting, with 
musical program and addresses by C. E. Skinner, Lieut. 


Col. H. C. Fiske, R. H. G. Edmonds and George W. Evans 
March 19. Attendance 170. 

Spokane 

Recent Research Development oJ\he Westinghouse Electric db Manu¬ 
facturing Company, by C. E. Skiiuier, Asst. Director of 
Engineering of that Company. March 15. Attendance 29. 

Springfield * 

Acliviiies of Underwriters^ Lahoratoness by G. B. Muldaur, 
General Agent, Underwriters’ Labori^tories. Nominating 
committee appointed. March 11. Attendance 38. 

Syracuse 

General Principles of Power Plant Construction, by V. E. 
Alden, Mechanical Ei^., Stone & Webster Engg. Corp. 

Joint with A. S. M. E. Nomination of officers tor next 
year announced. April 8 . Attendance 162. 

Toronto 

The Electrical Engineer and the Public, by E. M. Ashworth, 
Generfd Mgr., Toronto Hy(ho-Blectric System. See report , 
elsewhere in Section Activities Dept. March 8 . Atten¬ 
dance 82. , • 

Teletype, by F. Knight, Bell Telephone Co., Montreal. March 
2. Attendance 101. 

Utah 

Manufacture of Insulators, by G. L. Wilder, District 'Mgr., , 
Locke Insulator Co. Moving picture. John Salberg • 
veelected r^resentative on Governing Board, Engineering 
Council of tJtah. March 18. Attendance 65. 

Washington » 

Lightning and Lightning Protection, by J. H! Cox, Transmission 
Engr., Westinghouse Electric & Mfg. Co. Dinner preceded 
the meeting. March 12. Attendance 130. 


Ji.. I. E. E. Student Activities 


CONPERENCE^ON STUMSNT ACTlVITIlSS IN DISTRICT NO. 2 

In addition to the student activities program on Thursday 
morning,* of which an accogant is included in the report on the 
Cincimlhtl Regional Meeting, elsewhere in this issue, the Coun¬ 
selors and Student Delegates met separately for luncheon on 
Wednesday and met together for luncheon on Thursday. All 
plans for these Conferences were made by the District Committee 
on Student Activities, of which Professor F. C. Caldwell, Coun¬ 
selor of Ohio State University Branch, is Chairman, in cooperation 
with the Regional Meeting Committee. 

Of the eighteen Branches in the Middle Eastern District, 13 
were represented by both Counselors and Student Delegates and 
t^o others by students only. Each of.the Student Delegates 
presented during the Thursday morning session a two-minute 
report on some activity of his Branch. The principal parts of 
the report of R. B. McIntosh, Chairman-eleot, Case School of 
Applied Science Branch, for which he received the first prize of 
$ 10 . 00 , are quoted below. 

“About this time, last year, the Student Branch of the A. I. E. E. 
at Case School of Applied Science invited the members of the 
Cleveland Section to meet with them in a joint meeting. 

“The arrangements for the meeting were made entirely by 
the Branch, an<^ the major part of the progr^ was presented by 
the students. An effort was made to make the meeting enter¬ 
taining as wen as instructive. 

“The Case Chairman presided at the meeting and welcomed 
the visitors. Two students presented papers of an original 
nature, one of which was illustrated by a motion picture film. 
The entertainment highlight of the evening was a comedy skit, 
written and played by two students who xyDSsessed unusual 
dramatic ability. After the meeting the visitors inspected the 
laboratories with the aid of student guides. 

“This joint meeting met with such instantaneous success and 
provoked such sincere praise firom the Section that a second joi^/ 
meeting was wairantdd. It was held on Tuesday of this week. 


A ainnilA.r program was carried through, and I am sure it was as 
successful as its predecessor. 

“We, at Case School, feel that these meetings are quite bene¬ 
ficial to both the students and members of the local Section. 
They afford an opportunity for the students to become ac¬ 
quainted with engineers who are out in industry. The students* 
can learn from them what will be demanded after graduation. 
On the other hand, these meetings allow the Section to become* 
familiar with the course of instruction at Case School, an<i 
thereby gage what they can expect from a Case School graduate. 

“These two meetings have proven the experiment to be sound. 
They have passed from the experimental stage to become an 
annual institution in engineering circles in Cleveland.” 

Luncheon Meetings 

At the luncheon of Counselors and others interested on 
Wednesday, Professor Caldwell outlined the principal problems 
of the District Committee on Student Activities, as including the 
■finHi-ng of methods to extend the interest, enthusiasm, and 
acquaintance of those in the work, the passing on of good ideas, 
serving as advisors to the A. I. E. E. in student matters, and 
especially the encouragement of students in the presentation of 
papers. Professor J. L. Beaver, Vice-President, District No. 2, 
and Chairman of the Committee on Student Branches, gave a 
summary of Branch activities and problems, in which he emphar 
sized the importance of active participation by the students and 
mentioned various methods of increasing their activity, such as 
tgllrfl on summer employment, abstracts of published papers, 
reports on thesis work, debates, prizes, and the choice of gopd 
officers. 

The Thursday luncheon meetirife was attended by Counselors, 
Student Delegates, and a number of Institute officers and others 
interested. There was discussion of the various reasons which 
prevent young men from becoming Associates immediately after 
thci expiration of their period of Student enrolment. Professor 
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Caldwell, who will represent the District Committee on Student 
Activities at the Summer Convention, was instructed to take to 
the Conference of Officers and Delegates the desire d| his Com¬ 
mittee that some step be taken to bridge the gap between the 
expiration of Student enrolment and admission as Associates, 
and thus encourage a larger number to make their connections 
with the Institute continuous. 

Professor H. E. Dychb, Counselor, University of Pittsburgh 
Branch, was elected ^thairman and Professor Morland King, 
Counselor, .Lafayette College Branch, was elected Vice-Chairman 
of the District Committee on Student Activities for the year 
beginning August 1,1929. 


ELCGTRICAL SHOW AT MICHIGAN STATE COLLEGE 

During Farmers* Week at Michigan State College, February 
4-8, the Student Branch of the Institute provided an Electrical 
^ Show having for its aims the education of the rural classes in the 
uses of the more common electrical phenomena and the entertain¬ 
ment and instruction of people especially interested in electricity. 
In view of these purposes the experiments and exhibits covered a 
wide range from the fundamental principles of the motor, 
^ generator, and transformer to television apparatus and the opera- 
tidh of induction furnaces. The laboratories were in full opera- 
tion^tShowing exactly the nature of the work done by the students 
during the school year. It has been the custom of the Branch in 
^ the past to hold the «how for three days during Farmers’ Week, 
but this year it was held open on the fourth day, at the request of 
the State Board of Agriculture. The attendance was estimated 
at from 8000 to 8500. 


CONFERENCE ON STUDENT ACTIVITIES IN DISTRICT NO. 6 

The Third Annual Conference on Student Activities of the 
North Central District was held at the University of South 
. Dakota on March 8 and 9, 1929. Six of the eight Branches in 
the Distri<rb were represented by both Counselors and Chairmen, 
and another was represented by the Chairman only. Dean 0. J. 
Ferguson, Vice-President, District No. 6, and Professor O, E. 
Edison, Secretary of the Distric^ were present. 

Friday Evening Session 

' The first session was held on Friday evening, March 8, Vice- 
President O, J. Ferguson presiding, and the following program was 


The Branch as a Means of Teaching Ethics and the Highest 
Type of Professional Spirit j Professor F. W. Norris, Counselor, 
University of Nebraska Branch; Professor R. E. Nyswander, 
Counselor, University of Denver Branch; J. N. Petrie, Chairman, 
University of Denver Branch. 

Methods 6/ Stimulating Interest in the Branch, Professor D. R. 
Jenkins, Counselor, University of North Dakota Branch; Ervin 
Moudy, Chairman, Univei*sity of Wyomii^ Branch; John K. 
Walsh, Chairman, University of North Dakota Branch. 

Discussion of each of the above subjects was held imiiiediately 
after the final presentation on that subject. Several speakers 
mentioned the various services of the Institute in contributing 
to the progres%s of electrical engineering and the development 
of its members. The many advantages dfierred to students 
through membership in the Branches were enumerated, and the 
importance of Branch activities in the future development of the 
Institute was emphasized. Some of the methods.suggested for 
increasing interest in Branch meetings were talks by students on 
actual experiences, reading, *or research; choice of most suitable •' 
time for meetings; appointment of more students.on committees; 
and the serving of refreshments. The Conference received invi¬ 
tations to hold the next meeting^at the University of Wyoming 
and the University of Denver. It was decided that the Execu¬ 
tive Committee should choose the location. 

Dr. B. B. Brackett, Coimselor of the University of South 
Dakota Branch, was elected torepresent the District Committee 
on Student Activities at the Aimual Summer Convention at 
Swampscott. 

Vice-President Ferguson urged that students in the District 
submit papers for the A. I. E. E. prizes. 

Votes of thanks were extended to Dean L. E. Akley and^ 
University of South Dakota for the many considerations shown to 
the delegates, S. B. Hughes for his ifiteresting address, and 
Vice-President Ferguson for his work of the past two years. 

Luncheon, served to <the delegates by the Home Economics 
Department of the University of South Dakota, was followed by 
an Inspection trip to the new armory and gymnasium, tiie audi¬ 
torium, and the museum. ^ . 


Transmission of Pictures hy Wire, S. B. Hughes, Transmission 
Slngineer, Northwestern Bell Telephone Co. 

Address of Welcome, L. B. Aldey, Dean of Engineering, 
University of South Dakota. 

Employment for the Student Graduate, Professor W. C. DuVaU, 
Counselor, University of Colorado Branch; Darrell Schneider, 
Chairman, University of Nebraska Branch. 

In the papers by Professor DuVall and Mr. Schneider and in 
the discussion which followed, much emphasis was placed upon 
the neqd of students for more complete and more accurate in- 
fonnation regarding the kinds of work that will be available to 
them immediatley after graduation. Some of the methods by 
which it was thought such information could be secured are 
inspection trips, summer employment, advice from faculty 
members who spend their summers in the industries, Branch 
programs devoted to summer experiences and other subjects 
connected with work in the various companies, and letters from 
former students to the faculty members. Professor DuVall 
emphasized the benefits received by the students from the 
District Conferences on Students Activities. 

Saturday Morning Session^ 

Vice-President 0. J. Ferguson, presiding 

Importance of the A. 1.1^ E, in Engineering Practise, Professor 
O’. H. Seohrist, Counselor, University of Wyoming Branch; 
H, R, Arnold, Chairman, University of Colorado Branch; 
Henry Battler, Chairman, South Dakota State School of Mines 
Branch. ^ 


STUBENT CONVENTION AT TROY, N. Y-, MAY 10-11 

A two-day Student Branch Convention will be held under the 
auspices of the North Eastern District of the Institute with head¬ 
quarters at Rensselaer Polytechnic Institute, Troy, N. Y., on 
May 10 and 11. 

A session devoted to Branch activities, a technical session with 
papers by Students, a banquet and inspection trips are the most 
important events of the meeting. The details of the program are 
given below. 

Proitram 

Friday, May 10 

9:00 a. m. Registration. e ** 

10:00 a. m. Welcome by Director Ricketts of Rensselaer Poly¬ 
technic Institute. 

10:15 a. m. Session on Branch Activities. 

In this session a number of the various branch 
officers and members Vill outline the activities of 
their respective branches during the past year. 

11:30 a. m. District Executive Committee Meeting. 

12:30 p. m. Luncheon Conference at Hendrick Hudsoif Hotel 
for Counselors and incoming Chairmen of 
Branches. 

2:30 p. m. Technical Session,, 

A Short Discussion of MagneUhStriction OsciUators, 
J. L. Daley and A. F. Metzger, Yale University. 
BadkiUon Characteristics of Grounded Vertical ‘‘‘L** 
^ and “T” Antennas, L. B. Hochgraf, Rensselaer 

Institute. 

The Development of a New Type of Indicator for 
Electrical Measuring Ins^uments, T. A. Rich, 
Harvard University. r 
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Lighting in Industry, M. M. Hubbard, Massachu¬ 
setts Institute of Technology. 

Further Oscillographic Studies of Alternator Short 
Circuits, H. E. Furman and T. S. Bills, Cornell 
University. 

The Story of a Lightning Surge, E. W. Joties, Uni¬ 
versity of Maine. 

6:30 p. m. Conventij^n Banquet at Russell Sage, 2nd, Dining 
Hall. 

• Speakers: Dr. W.L. Robb, Hhad of the Department 
of Eleejrieal Engineering at Rensselaer Poly¬ 
technic Institute. 

^ Mr^ E. B. Merriam, Vice-Presidetit of District 

• No.l,A.I.E.E. 

Dr. W. R. Whitney, Director of the Research 
Laboratory, General Electric Company. 

During the day the laboratories of* the Rensselaer Polytechnic 
Institute will be open to inspection b^ visitors. 

• Saturday, May 11 

A. m. Inspection trip through the Schenectady Works of 
the General Electric Company. 

P. m. Inspection of Erie Barge Canal Lock. 

, Inspection trip through steam power plant of New 
York Power & Light Corporation at Cranes- 
ville. 

• 

PAST BRANCH MBETINOS 
Alabama Polytechnic Institute 

How Talking Pictures Have Changed the Movies, by T. S. Winter, 
student; • 

Rochelle Salt Crystals, by W. Kiester, student; 

CUrrier Current System of Alabama Power Company, by W. J. 
Marsh, student, and ^ 

Pap&r Mills, by L. E. Owens, student. March 21. 'Attendance 27* 
Modern Business, by J. K. Smith, student, and 
Photoelectric Effects, by G. A. Beavers,* student. March 28. 
Attendance 27. 

The Conduit Shop at Wilson Dam, by 0. T. Allen, student; 

The Dynamic Loud Speakers, by A. C. Cohen, student, and 
The Electric Propulsion of Ships, by W. Nabers, student. April 
4. Attendance 20. 

University o£ Arizona 

Talking Motion Pictures, by R. B. Bonney, Educational Director, 
Mountain States Tel. & Tel. Co. Illustrated with taUdng 
motion picture films. February 26. Attendance 220. 
Charles P, Sieinmeiz, by Bernard Shehane, student, and 
Lightning Protection of Oil Tanks, by Harold Soliday, student. 
March 13. Attendance 19. 

Tlie Beginnings of Electrical Science, by George Walton, student; 
The Thury System of 'Power Transmission, by C. A. Maoris, 
student, and 

Nikola Tesla and His Achievements, by W. E. Tremaine, student. 
March 20. ^Attendance 18. 

Motion Picture Projectors, by Kenneth Kelton, student. lEus- 
trated with motion pictures. March 27. Attendance 18. 
Odd Uses of Vacuum Tubes, by Leo Killian, student, and 
Engineering and Economics, by John McBride, student, April 3. 
Attendance 19. 

Bucknell University 

Films on electrjpal measuring instruments.^ March 13. At¬ 
tendance 11. ■ 

Business Meeting. The following officers elected for 1929-30: 
President, E. C. Metcalf; Secretary-Treasurer, R. G. Tingle. 
March 15. Attendance 12. 

University o£*Galifornia 

Business session. Three-reel film ‘‘The Single Ridge.” March 
13. Attendance 22. 

The High Sierras, by Prof. J. N. LeConte. Slides. ^ 

Acoustics, by B. J. GUlham. April 3. Attendance 20. 

Garnefiie Institute o£ Tecbnoloily 
The Deion Circuit Breaker, hy W. J. Ruano, student. PihnI 
“The Single Ridg^” Election of officers. Social meeting 
and refresi^ents after program. March 6. Attendance 31. 


University o£ Cincinnati 

Chalk Talk, by^^Prof. Daniel Cook, Dept, of Applied Arts. 
November 22. Attendance 68. 

Trends in Public Utility Development, by H. C. Blackwell, Presi¬ 
dent, Union Gas and Electric Co. February 13^ Atten¬ 
dance 

A, C. Network System and Protection, by L. L. Bosch, Asst. 
Engr., Columbia Engineering §nd^ Management Corp. 
March 7. Attendance 70. 

Clarkson College o£ Technology * 

In the Lands of Buddha, by Prof. H. B. Smith, Worcester Poly¬ 
technic Institute. Illustrated. Afternoon meeting. 

The Quest of the Unknown, by Prof. H. B. Smith. Illustrated. 
Banquet in honor of Prof. Smith. March 9. Attendance 410. 

Talk by Laurence J. Gorman, Chief Test and Electrolysis Enm- 
neer. New York Edison Co., on that company and pubuc 
utility problems. March 22. Attendance 80. 

Clemson College 

Michael Faraday, by Cadet F. Kellers; 

Highest Head Water Power Development, by Caflet L. F. Sander; 

Inertaire Transformers, by Cadet W. G. Parrott, and 

Current Events, by Cadet C. R. Martin. Picture “The Welding 
of Pipe Line.” March 7. Attendance 22. 

Railroad Radio^Telephone Equipment, by Cadet R. L. Sweeny; • 

Why mWe Cannot Neglect Arc-Welding Equipment, by Cadet 
C. S. Lewis; 

What Goes on Inside the D. C. Electro-Magnet, by Cadet F. W. 
Lachicotte, and • 

Current Events, by Cadet L. E. Marshall. March 28. Atten¬ 
dance 19. 

Colorado Agricultural College 

Synchronous Reproduction of Sound and Scene, by Prof. H. G. 
Jordan, Counselor. Paul H. Lindon elected Secretary to 
take office immediately. January 29. Attendance 16. 

American Telephone and. Telegraph Company, by G. W. Ball, 
senior. February 11. Attendance 15. 

Work in the Graduate Students Course at the Westinghouse Plant 
in East Pittsburgh, Pa., by Bice Johnson (Alumnus), West- 
inghouse Electric & Mfg. Co, February 25. Attendance 20. 

Movietone and Vitaphone, R. B. Bonney, Educational Direc¬ 
tor, Mountaia States Tel. & Tel. Co. Three reels motion 
pictures. March 11. Attenaanoe 70. 

Three-reel motion picture “Development and Construction of , 
Transformers” shown by Prof. H. G. Jordan, Counselor. 
March 25. Attendance 16. 

University o£ Colorado • 

Carrier Telephony, by R. B. Bonney, Educational Director, • 
Mountain States Tel. & Tel. Co. Sound Pictures on the 
same subject. March 6. Attendance 190. 

Opportunities with the General Electric Company, by M. M. 
Boring, General Electric Co. Brief talks and demonstra¬ 
tions by other representatives of the Denver office of the 
company. March 27. Attendance 80. 

Cooper Union 

Liberal Education for the Young Engineer, by PresMent H. N. 
Davis, Steyens Institute of Technology. Joint meeting 
with three other engineering societies and two mathematical 
clubs. Reports of the year’s activities in each were read 
by the respective secretaries. Music and two-reel comedy. 
Rsfreshments served after meeting. April 6. Attendance 100. 

• University o£ Denver 

R. B. Bonney, Educational Director, Mountain States Tel.^ & 
Tel. Co., presented educational sound pictures demonstrating 
carrier telephony. He also demonstrated a portable talking 
moving picture outfit and described some new developments 
in the Telephone Laboratories. March 15. Atten¬ 
dance 193. 

Chairman J. N. Petrie gave an account of the District Conference 
on Student Activities held at the University of South 
Dakota on March 8 and 9 and gave a paper on Some Photo¬ 
electric and Glow Discharge Devices and Aj^lications to 
Industry. (BVom February iasue, A. 1. E. E. Journal). 
March 22. Attendance 13. 

University o£ Kansas 

Roy F. Dent, studei^ gave a talk on his work at the Hawthorne 
Plant of the Western Electric Cpmpany last summer. 
Business session. March 7. Attendance 64.. , 


t 
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INSTITUTE AND RELATED ACTIVITIES 


Journal A. I. £. 1 ^. 


Twenty-first Annual Banquet- Murel Douglas, toastmaster. 
T^b were riven by Chancellor E. H. Bindley, George 
Hulteen, freshman cl^s, and Kenneth McMurray, junior 
class. ‘‘Beggars of Life,-” by Volney Holmes, Ifeenior class. 
Faculty responses by Prof. F. E. Johnson and Dean G. C. 
Shaad. J. L. Hamngton, Consulting Engr., gave a tfl-llr 
on the necessity of continuing study after graduation. 
March 20. Attendhnoe 185. 

X-Eoy Tube and Its Wse^in Industry^ by Clarence Laughlin, 
Victor X-Ray Qorp. Slides. March 26. Attendance 18. 

Lafayette College 

Business meeting. Earl C. Albert elected Chairman for next 
year. March 16. Attendance 20. 

Lehigh University 

The Sir^oscope and Its Application to Alternator Siahility, by 
C. W. Guyatt, ’29, and 

The Telephone Problems, by 0. W. Eshbach, special assistant 
pOTsonnel officer, A. T. & T. Co. SHdes. Election of 
officers. March 14. Attendance 76. 

• Lewis Institute , 

Applit^ion of Electricity in Medicine, Ultra Violet and Infra Red 
Machines, by Mr. Bladwin, Victor X-Ray Corp. March 19. 
Attendance 102. 

Motioh picture, “The Grinding Stone.” April 9. Attendance 75. 

University of Louisville 

Business Meeting. Election of officers. April 4, Attendance 13. 

Michiiian State College 

Informri meeting, ^onsored by Faculty. BHlm on manufacture 
and construction of electrical devices. Refreshments 
served. February 24. Attendance 35. 

Mississippi A. Si M. GoUede 

The .Mvanc^m^t of Engineering in 1928, by John Liston, General 
Electric Co. March 6. Attendance 50. 

University of Missouri 

Imhotep, the First Engineer, ^ Prof. J. E. Wrench, History Dept. 
Joint meeting with Engineers Club. March 18. At- 
tendaruce 202. 

A M^odof Investigating Surface Iron Losses, by R. A. Foltz and 
H. E. Gove. Adoption of Constitution and By-Laws. 
March 25. Attendance 21. 

Montana estate Gollede 

^F. W. Jordan, Westinghouse Electric & Mfg. Co., Butte, Mon- 
tan^ gave a synopsis of Westinghouse activities and the op¬ 
portunities offered to college graduates. March 14. 
Attendance 92. 

^ Educational Director, Mountain States Tel. & 

• Tel. Co., gave a demonstration of a talldng-moving nicture 
machine. April 1. 

The Magneto Aircraft Compass, by T. R. Rhea, from General 
EleUric Review April 1929. Presented by Eitaro Etow. 
student. 

Strange Eyes That Never Sleep, by A. A. Stuart, from Popular 
Smenee. Presented by Frank Brown, student, and 

Airw^ Guides and Markers, by 0. W. Bard, from Electrical 
TTorW, March 1929. Presented by Murray Davidson, 
Student. April 4. Attendance 73. 


Some Developments During 1928, by J. F. Arren, student. March 
9. Attendance 29. 

College of the City of New York 
Theater Party. March 22. Attendance 20. 

Inspection trip to Otis Elevator Company, Yonkers, N. Y. 
Mardh 28. Attendance 42. 

University of North Dakota 

Talk by J. p. Taylor, Branch Mgr., Ncyrthwestern Bell Tele- 

S hone Co., Fargo, N. D., and illustrated lecture by Mr. 

!rown of same company, Omaha, Nebraska. March 14. 
Attendance 33. 

Topics Discussed at the District Conference on Student Ac¬ 
tivities, by Prof. D. R. Jenkins, and 
His Trip to the District Conference on Student Activities, by 
John Walsh, Chairman. April 9. Attendance 32. 

Northeastern University 

The Transmission of Power at High Voltages, by Prof. C. L. 
Dawes, Harvard University. Illustrated^ with slides. 
March 19. Attendance 132. 

University of Notre Dame 

Three-reel film “The Single Ridge.” February 18. At¬ 
tendance 175. ^ 

Railway Signals, by P. E. Rist, student, and 
The Close Relationship Which Exists between Metallurgy and 
Electrical Engineering, by Dr. E. G, Mahin. Slides. After 
the talk guests were shown the metallurgies laboratory and 
the operation of the various appliances was explained. 
Refreshments were served. March 4. Attendance 60. 
Magnetostriction and the Methods of Its Measurement, by K. R. 
Weigand, student; 

The Application of Electrical Grounds, by. J. A. Northcott, Pro¬ 
fessor of Elec. Engg., and 

Biographical Sketch of George Simon Ohm, by P. F. Mxurray, 
student. Refreshments served. March 19. Attendance 50. 
Sellirw Street Illumination, by M. S. Gilbert, TI1iiTTninfl.t.ing Engr., 
Westinghouse Electric & Mfg. Co., South Bend, and 
Manual to Automatic Telephone System Conversion, by R.. A. 
Fenimore, Indiank Bell Tel. Co. Re&eslhnents served. 
April 8. Attendance 65. 

Ohio Northern University 

Business Meeting. Election of officers. March 5. Attendance 18. 
Quantum Theory, by Prof. Harrod, Head of Chemistry Dept. 
Social, Financial and Program Committees appointed. 
April 4. Attendance 12. 

Ohio State University 

The Romance of Power, by C. M. Ripley, Publicity Dept., 
General Electric Co. Slides. Chairman W. M. Webster 

f ave an account of the Regional Meeting held in Cincinnati. 
)inner meeting. April 3. Attendance 63. 

Oklahoma A. M. Golleie 
The 100-Kw. Tube, by H. E. Bradford, Secretary, 

Railway Electrification, by E. L. Weathers; Chairman, and 
Rival Theories of Life, by John H. Cloud, Professor of Physios 
and Head of Dept. Experiments. Illustrated dectures. 
Refreshments served. March 13. Attendfince 51. 


University of Nebraska 

Prof. F. W. Norris, Counselor, gave a report on the Conference oi 
Student Activities held at University of South Dakota 
March 8 ^d 9. M, E. ScoviUe and E. R. Saylor, students 
spoke on their experiences in summer employment. Businesi 
session. March 15. Attendance 51. 


Nece^ty ^ a Broad Education for the Engineer, by C. N. Chubb, 
President, Iowa and Nebra^a Light and Power Co. Film, 
‘Airport Lighting.” March 28. Attendance 36. 


Newark College of En^ixfeerind 

Histwy ofice Cream and How It is Made Today, by Mrs. Carolyn 
V. Wright, Dietitian, Castle Ice Cream Co. Reel of 
motion pictures. Refreshments served after the meeting. 
March 18. Attendance 31. ^ 


Electric Welding in Steel Fahvicaiion, by Prof. A. A. Nims. Il¬ 
lustrated. Business session. April 1. Attendance 2J. 

University of New Hampsdiire 
Railroad Radio Telephone Equipment, hy J. J. Donnelly, student; 

SlectHc Equipment in North Station, Boston, hy W. C. Adams, 
student, and * 


Economy of EUdric Pipe Line Pumping, ^ W. G. Stueue, Com¬ 
mercial Engr., Oklahoma Gas & Elec. Co. March 27. 
Attendance 33. 

Pennsylvania State Colleife 

Talks on Experiences with the New York Edison Company, by 
Mr. Bnoker and President Bair. February 27. At¬ 
tendance 38. 

Talk, demonstrations and several reels of molion pictures on 
Lamps, by C. J. Campbell, Westinghouse Lamp Co. March 
7. Attendance 48. 


vjuiversiiy ox m:iSDin:gn 


What is Expected of the Engineering Student After Graduation?, by 
H. A. P. Langstaff, West Penn Power Co. March 1 
Attendance 64. 


Colur^a, Panama and Ecuador, by S, Q. Hayes, General Bner 
^ & Mfg. Co. Motion picture—^ 

Proved. Light refreshments. March 8. Attendance 36. 


Princeton University 

pome of the Problems of Television, by W. Wilson, student, and 

Curre^UmiiingRj^ors, byW.F.Beasley,student. March22 
Attendance 10. 
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Rhode Island State Coll ^e 

Light Lecture and experiments by Prof. G. L. Coggins, Head 
of Physics Dept. March 8. Attendance 15. 

Inspection trip to Peacedale Mfg. Co., Peacedale, R. I. March 
14. Attendance 15. 

Vopper Mining in Michigan, by Prof. Wm. Anderson, Counselor. 
March 22. Attendance 19. 

The Pawtucket HydrogenrFilled Synchronous Condenser, by E. E. 
Caulheld, studen4. Discussion of participation in student 
convention to be held in Troy. April 6. Attendance 14. 

* Rutders Unlversit^r 

HighrSpeed Circuit Breaker^ in Electric Railways^ by W. Breazeale, 
’29, and 

• Ground Detection in Isolated D. C. and A, C. Ci^cuiiSt by Mr. 
Wolf, ’29. Iteblruary 12. Attendance 25. 

Deion Circuit Breakers, by Mr. Shervo, ’29, and 
Recent Improvements on Turho-Generaiors, bjr Mr. Walton, ’29. 
February 19. Attendance 27. 

Quantitative Mechanical Analysis ^of Power System Transient 
Disturbances, by Mr. Welch, ’29, .and 
Lightning Protection for the Oil Industry, by H. Lehman, ’30. 

February 26. Attendance 26. 

Milwaukee Locomotives, by H. Hj^bson, ’29, and 
The Conowingo Power Installation, by G. Weglener, ’30. March 
5. Attendance 27. 

Motion.pictures, entitled “Building New York’s Newest Sub¬ 
way” and “Driving the Longest Railroad Tunnel in the 
Western Hemisphere.” JoinJ meeting of all engineering 
students. March 12. 

University of Santa Clara 
Business Meeting. February 1. Attendance 13. 

Motion picture, “Liquid Air.” Business session. February 12. 
Attendance 18. 

Motion picture, “The Single Ridge.” Joint with Engineering 
Society of the University. February 22. Attendance 87. 
Motion pictures, “Building New York’s Newest Subway” and 
“Driving the Longest Railroad Tunnel in the Western 
Hemisphei^.” Marqh 7. Attendance 74. 

University of South Carolina 

The Tlieory of Relativity, by T. F. Ball, Counselor. Discussion 
of A. J. E. E. regional und national prizes. Importance of 
pap*ers from the Branch emphasized. March 6. At¬ 
tendance 18. 

Business Meeting. Following offi^rs elected for next year: 
Chairnjan, G. H. I^eacher; Vice-Chairman, F. H. Lucas, 
Jr., and Secretary-Treasurer, B. F. Karick. April 10. 
Attendance 14. 

South Dakota State School of Mines 
Chairman Henry Sattler reported upon District Conference on 
Student Activities held at Umversity of South Dakota. 
Prof. J. 0. Kammerman, Counselor, gave a tSilk on Student 
• Enrolment. Prof. E. !?}. Clark spote on his summer school 
experience at Pittsburgh, Pa. Motion pictures, “The 
Okonite Process of Wire Making” and“TheLand of Cotton.” 
Refreshments served. March 13. Attendance 46. 

Talking ^Pictures, by M. B. Muimhy, (alumnus), Electrical 
Research Products, Inc. March 26. Attendance 28. 

University of South Dakota 

Vacuum Tubes, by Howard Crosby, student. Business session. 

March 11. Attendance 10. « 

Discussion of plans for joint meeting in Omaha in April. March 
18. Attendance 15. 

Uiiljlversity of Southern, Califjgrnia 

Oil and Vacuum Switches, by Mr. Blaksley, Bureau of Power and 
Light, City of Los Angeles. February 14. Attendance 
Business Meeting. February 21. Attendance 23. 

Effect of Power Factor Variations on Primary and Secondary 
Voltages, and Output of Five W» Street Lighting Trans^ 
former, by D. R. Stanfield, student. February 28. At¬ 
tendance 24. 

Joint meeting with California Institute of Te<Anology Branch 
and Los Angeles Section. More complete report may b# 
found on page 331 of April Journal. March 6. At¬ 
tendance 2&. 

Business Meeting. March 7. Attendance 21, II 

Business Meeting. March 14. Attendance 21. 


Syracuse University 

Calculation of Forces on Automatic Circuit Breakers, by Mr. 
Allen, student, and 

Electrification of a Steel Mill, by Chairman F. Casavant. W. R. 
McCann, Chairman, Syracuse Section, was a guest of the 
Branch and participated in a discussion concerning the 
relationship between the local Section and the Student 
Branch. Limcheon. February 14. Attendance 22. 

Demand Limitator, by E. T. Moore, donsulting Engr. March 7. 
Attendance 21. • 

Armature Voltage Rise in a Given Time, by Mr. Bryant, student, 
and 

Design of Plunger Type Relay and Design of a Flywheel, by Mr. 
Ott, student. March 14. Attendance 21. 

Power Factor Correction, by Mr. Belayeff, student, and 

Inductance Calculation, by Mr. Rosti, student. March 21. 
Attendance 21. 

University of Texas 

Underground Distribution Systems, by Mr. Evans, San Antonio 
Public Service Co. Business session. •March 14. At¬ 
tendance 16. 

University of Vermont 

Branch meeting postponed and about twenty members attended 
the meeting of the Vermont Society of Engineers. Papers 
of particular interest to Branch members were: Electrical 
Science, by C. D. Spencer; Power Development, by F.^M. 
Eastman, and The Development of Water Power as a 
Natural Resource, by M. G. Clark. March 13. At¬ 
tendance 20. * 

Demonstration of Induction Motor Principles, by K. H. 
MacGibbon, ’29, and 

Types of Induction Motors, by J. W. Wendt and A. Johnson, ’29. 
Discussion of plans for sending a delegation to the Student 
Convention at Troy. March 27. Attendance 16. 

Virginia Military Institute 

Summer Work in a Motor Generator Plant, by M. R. Berry, 
student; 

Holland Tubes, by A. F. Black, student; ^ 

Electrification of Rolling Mills, by W. B. Miller, student; 

Airplane Testing, by B. T. Smith, student, and 

Use of Radio Telephony in RailrDoding, by W, B. Andrews, 
student. March 4. Attendance 40. 

Carrier Current on Power Lines, by J. C. Smith, student; 

Benefits of the A. J. E. E., by H. B. Blackwood, student; 

Experiences with the Gas Wells of Texas, by J. T.Brodnax,student; 

New Type of Generator Ventilating Fan, by C. A. Goodwin,** 
student, and • 

Philadelphia Arena and Its Electrical Equipment, by A. S. Britt, 
student. March 28. Attendance 39. 

Virginia Polytechnic Institute 

Advice to College Men, by Prof. L. J. Bray. March 7. At¬ 
tendance 32. 

Motion picture, “Construction and Operation of Electrical 
Measuring Instruments.” March 25. Attendance 100. 

Washington State College » 

Engineers’ Show Committee appointed. Discussion of plans 
for exhibits. February 28. Attendance 13. 

Discussion of plans for Engineers’ Show. March 6. Atten¬ 
dance 19. 

Mining and Electricity, by Guy B. IngersoU, Asst* Prof, of 
MSning and Metallurgy. Discussion of plans for Engineers* 
Show and plans to get more members to attend meetings. 
March 13. Attendance 15. 

Prof. R. D. Sloan, Cofinselor, spoke on the A. I. B. B. orp;amza^ 
tion—^purposes and pubhcations—and urged juniors to 
enroll in the Institute. Harold Low, graduate student, 
gave a talk on the Cathode Ray Oscillograph. Business 
session. Refreshments. March Attendance 56. 

University of l^ashlndton 

The ^SeatOe Distribution System of the Puget Sound Power and 
Light Company, by Ray Rader, Puget Soxind Power and 
light Co. and Secretary of the Seattle Section. Busmess 
^ssion. April 5. Attendance 20. 
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West Virginia University 

Electric Heat for Homes, by Earl Milan, student; Purified Textile 
Insulation, by G. H. Hollis, student; Projection of Sound 
and Scene, by Ivan Vannby, student; Rate making, by 
M. C. Clark, student; Early Development of the Electric 
Railway, by T. R. Cooper, student, and Aeroplane Show at 
Pittsburgh, by C. L. Walsh, student. March 11. At¬ 
tendance 22. 

Treated Fabric for Insulation, by C. A. Bowers, student; Photo^ 
electric CeUs, by C. B. Seibert, student; Steel Used in Switch’^ 
board Design, by J. R. Nothingham, student; Defects of In- 
svldtion, by 0. R. AUen, student; and Hydrogen for Cooling 
Electric Machines, by S. N. Giddings, student. March 18. 
Attendance 21. 

Telemetering, by J. Kayuha, student; How Hard is Rock, by 
W. H. Ross, student; The Deion Circuit Breaker, by L. P. 
Oneacre, student; Structural Steel for Oenerators, ^ R. H. 
Pell, student; Electric Aid for Navigation, by W. C. Warman, 
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student; and Designing Arc Welded Machine Bases, by 
Q. S. Watson, student. March 25. Attendance 22. 

The Use of Chromium in Alloys, by V. O. Whitman, student; 
Precision in Frequency Measurements, by L. F. Oneacre, 
student; and Power Interruptions by Birds, by E. M. Hansford, 
student. April 8. Attendance 16. 

University of Wisconsin 

Chairman Odbert outlined the meetings fpr the second semester 
February 19. Attendance 21. 

Banquet. Several sefiiors read reports on Eastern and Western 
inspection trips. Discussion of the trips by students and 
faculty. February 28. Attendance 50. 

General discjjssion by faculty and students on the Electrical 
Engineering Course at the University ^fj^isconsin, lead by 
Prof. Edward Bennett, Department Head. March 27. 
Attendance 1§. 


INSTITUTE AND RELATED ACTIVITIES 


Engineering Societies Library 


The Library is a cooperative activity of the American Institute of Electrical Engineers^ the American Society of 
Civil Engineers, the American Institute of Mining and Metallurgical Engineers and the American Society of Mechanr 
icmI Engineers It is administered for these Founder Societies by the United Engineering Society, as a public reference 
library of er^ineering and the allied sciences. It contains 150,000 volumes and pamphlets and receives currently 
most of the important periodicals in Us field. It is housed in the Engineering Societies Building, 29 West Thirty^ 
ninth St,,^New York, ^ 

In order to place the resources of the Library at the disposal of those unable to visit it in person, the Library w 
prepared to furnish lists of references to engineering subjects, copies or translations of articles, and similar assistance. 
Charges suj^eni to cover the cost of this work are made. 

The Library mainUdn^ a collection of modem technical books which may be rented by members residing in North 
America, A rental of five cents a day, plus transportation, is charged, 

The Director of the Library will gladly give information concerning charges for the various kinds of service to 
those interested. In asking for information, letters should he made as definite as possible, so that the investigator may 
understand clearly what is desired. 

The library is open from 9 a, m, to 10 p, m, on all week days except holidays throughout the ^ear except during 
July and August when the hours are 9 a. m, to 6 p, m. 


BOOK NOTICES, MARCH 1-31. 1929 

Unless otherwise specified, books in this list have been pre¬ 
sented by the publishers. The Society does not assume responsi¬ 
bility for any statement made; these are taken from the preface 
or the text of the book. 

All books listed may be consulted in the Engineering Societies 
Library. 

Die Anisotropbn PiitrssiGKBiTinN. 

By C. W. Oseen. Berlin, GebrMer Bomtraeger, 1929. 
(Fortsohritte der Chemie, Physik und Physikalisoben Chemie, 
ser. B., bd. 20, heft 2). 87 pp., 10 x 6 in., paper. 6.80 r. m. 

In this concise treatment of anisotropic, or crystalline, liquids, 
the author does not attempt to review again our knowledge of the 
entire held. His interest is restricted to those facts about these 
substances for which a theoretical e^gplanation has been proposed. 
The various phases which these liquids assume are discussed 
and the theones of difierent investigators given. 

BbGRENZUNG DBR LeiSTUNGSSTBIGBRUNG DBR ScHNBLnAXTFBN- 
DBN VeRBEBNNUNGSMACHIN'B DURCH DEN StEUERVORGANG. 

By Manfred Christian. (Porsehungsarbeiten, heft 316). 
Berlin, V. D. I. Verlag, 1929. 19 pp., diagrs., tables, 12 x 9 in., 
paper. 3,76 r.m. . 

An investigation of the attainable limit of speed for high-speed 
internal combustion engines, such as those used for automobilea 
and airplanes, and especially of the extent to which this limit , is 
fixed by the capabilities of the valve gear. The author investi¬ 
gates the various valve-gears which have been applied to four¬ 
cycle en^es and determines the high^t speeds possible for 
various sizes. Sleeve valves and rotary valves, he concludes, 
offer no hope for speeds higher than those obtainable with 
ordinary valves. 

Gaxjseribs sur PBS Filons Metalliqxjbs. 

By Paul Audibert.' Paris,^Dunod, 1929. 240 pp., 10 x 7 in., 
paper. 33 fr. 

Every young engineer finds himself faced by numerous practical 
problemsj:* the solution of which is not given in the theoretical 
treatises which he has studied. The author of this book, a young 
mine manager, has had the thought of writing the results of his 
experience with various difficulties, for the benefit of other young 
mining engineers. 


This book is a supplement to the ordinary textff on mining. He 
discusses from a practical point of view, the characteristics of 
veins of ore, methods of draining and worl^g, pafiohinery, 
crushing, fiotation, etc. The management of labor, mine organi¬ 
zation, welfare work and similar topics are touched fLp?>n. The 
young engineer upon his own, especially abroad, should find the 
book suggestive and helpful. 

Lbs Comptburs D’Elbctricite. 

By R.-M. Fiehter. 2d edition. Paris, Dunod, 1929. 372 
pp., illus,, diagrs., 10 x 7 in., paper. 73,90 fr. 

A revised and rewritten edition of a work first published in 
1919. The treatment is descriptive. Chapters are devoted to 
the various types of meters; to questions of installation, calibra¬ 
tion, and testing; to methods of charging for current, to the 
organization of meter service, and to frauds, r ** 

Conduction of Electricity Through Gases, v. X, 3rd edition. 

By Sir J. J. Thomson & G. P. Thomson. Cambridge, Eng., 
University press, 1928. N. Y., Macmillan Co., 491 pp., illus., 
diagrs., tables, 9 x 6 in., cloth. $8.50 

The first edition of this celebrated work appeared in 1904; 
in 1906 a second edition appeared; and part of a third edition 
was in type when the War broke out and interrupted work upon 
it. It is only now that the author has been able, with the assis¬ 
tance of his son, to complete the task of dealing with the researches 
on this subject that have been made since the second edition. 

The book has grown to two volumes, of which the first, dealing 
"^th the general ^roperj^ies of ions and ionizaition by heat and 
light, is now published. Most of the original paragraphs have 
been retained with little alteration except the replacement of the 
values of fundamental consultants by more accurate modem 
ones. The new matter is inserted at appropriate places. This 
book win be welcomed by workers in this field. 

Dampftubbinbn. 

By Leonhard Roth. Berlin, R. Oldenbourg, 1929. 103 pp., 
^diagrs., tables, 10 x 7 in., paper. 6,-r. m. 

Dr. Roth gives a concise presentation of the principles of the 
desim and construction of steam turbines, from which advanced 
mathematics is absent. Starting with a description of the 
f principles of the turbine, he develops the design of the various 
parts, then the combination of these iiMfeo a complete machine. 
Modern tmdencies in design and modem'^ constructions are 
discussed. 
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Dictionary of American Biography. Under the Auspices of 
the American Council of Learned Societies. 

Edited by Allen Johnson.* N. Y., Charles Scribner’s Sons, 
1928. 20 V., 7 X 10 in., cloth. $250.00 per set. 

Early in the present century there developed among the learned 
societies of America a serious discussion of ways aiRi means of 
bringing into being a dictionary of American biography which 
would be, for students of America, what the Dictionary of 
National Biography?* is to his colleague in Great Britain. An 
organization was enected, Mr. Adolph S. Ochs provided a half¬ 
million dollars for editorial work and aclwal preparation of copy 
was begun in 1925. ^ 

The managers of the work plan to include biographies of all 
former inhabitants of America who have m^e “some outstanding 
contribution to Ijhe tradition of America.” •Unusual^ effort 
has been made t© make the list of names complete and to include 
in it certain classes who are too often neglected in works of this 
character. * 

The first volume, a handsomely printed book of 660 pages, 
begins with Cleveland Abbe, astronomer and meteorologist, and 
ends with Maurice Barrymore,•actor. The first engineer to 
. appear is Brig.-Gen. Henry L. Abbot, well known for his im¬ 
portant early work on ^draulics and the regimen of the Missis¬ 
sippi River; the last is Joseph Barrell, the geologist and teacher 
at Lehigh and Yale. « « 

Between these extremes the lives are recorded of forty-four 
other engineers and manufacturers. Among them are such men 
as John’P. Appleby, who invented the knotter used on most 
grain reapers; the metallurgists, Albert Arents ^d Philip Argali; 
Isaac Babbitt, of babbitt-metal fame; the Loammi Baldwins, 
father.and son; Mattheas W. Baldv^; Albert Ball; and Zenus 
Barnum, prominent in the organization of early telegraph Hues, 
but best known as the proprietor of the famous Barnum’s 
Hotel in Baltimore. 

Others of note are Horace Abbott, who rolled the armor-plate 
for the Moniior; Alexander Agassiz; James P. Allaire, theengine 
builder; Horatio Allen and John P. Allen; John R. Anderson, 
•whose Tredegar Iron Works was the backbone of the munitions 
supply of the Confederacy; Oakes Ames and Oliver Ames; 
and David Alter, the pioneer physicist. 

Each biography is written by a competent authority, and the 
sources for the statements are given. The standard is high and 
as it undoubtedly will* be maintaine<f through the remaining 
volmnes, the dictionary will be in the first rank if indispensable 
works of reference. , . 

It is planned to be cordpleted in twenty volumes, contaimng 
16,000 biographies. 

Diesellokomotivbn. 

By G. Lomonossoff. Berlin, V. D. I.-Verlag, 1929. 304 pp., 
illus., diagrs., plates, tables, 12 x 9 in., cloth. 32.-r. m. 

Professor Lomonossoff gives a very able study of the present 
position of the Diesel locomotive in tnis volume. The evolution 
of the machine, its theory and construction are discussed in the 
light of the researches of the author and his colleagues, and 
current practice is subjected to keen critical investigation. The 
various types of transmission are discussed at length. 
iiCONOMics.op Water Power Development. 

By Walter H, Voskuil. Chic. & N. Y., A. W. Shaw Co., 1928. 
225 pp., diagrs., maps, tables, 8x5 in., cloth. $3.00. 

The author«has attempted to analyze the factors that govern 
the economic eai)loitation of waterpower resources. He first 
lays down the principles of waterpower economy, calling atten¬ 
tion to the elements of cost. The water powers of various 
sections of the United States are then discussed, after which the 
public control of water powers and the various projects for public 
ownership are taken up. Much statistical material is sum¬ 
marized and a good bibliography is given. 


Electrical Engineering Economics. m 

By D. J. Bolton. Lond., Chapman & Hall, 1928. 305 pp., 
diagrs., tables, 9x6 in., cloth. 21s. 

Most books on economics for engineers, says this author, 
dwell almost exclusively on the economics of production and 
neglect the economics of consumption, the processes in which the 
greatest waste occurs. 

The present book, devoted to the latter portion of the problem, 
aims to give electrical en^neers and students^ plain account of 
such elementary economies as most nearly concetns them, with 
its application to certain engineering problems. The first 
section presents general principles of economics. In the second, 
the choice of plant, the general problem of economic choiceMS 
treated. The final section de^s with some of the econome 
problems connected with electricity supply, tariffs, load factor, 
power factor, etb. , 


Elbktrotbohnik, bd. 3; Die Wechselstromtechnik. 

By J. Herrmann. 5th edition. Ber. u. Lpz., Walter de 
Gruyter.<% Co., 1929. 140 (jp., plates, diagrs., 6x4 in., cloth. 

1,50 r. m. 

This volume of Professor Herrmann’s little textbook on electri¬ 
cal engineering is devoted to a-c. machinery. Generators, 
transformers and motors are described clearly and very con¬ 
cisely, the principal theoretical points,being explained and at¬ 
tention given also to practical question^ of construction and 
operation. 

Handbook op Chemistry and Physics. Comp, by Charles D. 
Hodgman and Norberfr T. Lange. 13th edition. Cleveland 
0., Chemical Rubber Co., 1928. 1214 pp., tables, 7x5 in., 
fabrikoid. $5.00. 

The thirteenth editon contains over a hundred more pages 
than the preceding one, including a section on ceramics. Many 
changes have been made in the tEibles, to make them more con- * 
venient, and corrections have been made where required. 

The book is a very valuable tool for the chemist and physicist, 
providing in convenient form a great mass pf the data that are 
frequently wanted in* the laboratory and chemical works. 
Handbook op Hydraulics. 

By Horace Williams King. 2d edition. N. Y., McGraw-Hill 
Book Co.,-1929. 523 pp, diagrs., tables, 7x4 in., fabrikoid.^ 
$4.00. 

This book is intended primarily to assist in the solution of 
hydraulic problems, and presupposes a knowledge of the principles 
o^ hydraulics. The author mscusses the formulas used and* 
presents a great amount of tabulated dalba that will simplify 
calculation. 

The new edition extends the application of the Manning 
formula to flow in pipes. A new chapter on critical depth and 
hydraulic jump has been added, as well as additional data on 
natural streams and the measurement of flowing water. The 
entire text has been rewritten. 

Heizung und Luptung. 

By Johannes Korting. Berlin, Walter de Gruyter & Co., 
1929. 2 V., iUus., tables, 6 x 4 in., cloth. 1,50 r. m. each. 

A brief review of the design and construction of Seating and 
ventilating installations in dwellings. The subject is presented 
in simple language, in a manner suited to the needs of builders 
and owners. 

Illustrated Technical Dictionaries in -.. English, German, 
Russian, French, Italian, Spanish; v. 11, Electrical Engi¬ 
neering and Electrochemistry. Edited by Alfred Sohlo- 
mann. Berlin, Technische Worterbfieher-Verlag, 1928. 
Distributors, V. D. I.-Verlag. 1304 pp., illus., 10 x 7 im, 
cloth. 80,-mk. • 

Every translator of electrical literature owes a vote of thanks 
to the editor of this work, and to the Society of German Engineers, 
which provided the funds for it. In its present form it is practi¬ 
cally a new work, as it has been revised and reset, and greatly 
enlarged over the previous edition. 

Approximately 20,000 expressions common in electrical lit¬ 
erature are given, with their meanings in the six principal Euro¬ 
pean languages. In preparing the work, the editor has had 
the assistance of expert engineers in each country. Wherever 
possible, the meaning of an expression is clarified by a sketch, 
formula or symbol. • 

The dictionary is indispensable to every translator or reader 
of foreign literature. It is by far the best available aid. 

Der Indiziertb Wibkungsgrad dbr Komprbssorlosen 
Dieselmabohine. 

By Fritz Schmidt. (Porschungsarbeiten, heft 314), Berlin, 
V. D. I.-Verlag, 1929. 22 pp., diagrs., tables, 12 x 9 in., paper. 
4,50 r. m. 

The investigation here reported was undertaken to make it 
possible to determine the indicated efdciency of Diesel engines 
more exactly and simply than has been the case in the past. The 
author subjects the customary methods to a critical study, and 
finally develops a method by which the indicated effioiency may 
be simply determined with the aid of certain tables and diagrams 
which ne supplies. • 

Komfresborlose Dieselmotoben und Semidiesblmotoren. 

By M. Seiliger. Berlin, Julius Springer, 1929. 296 pp., illus.> 
diagrs., 10 x 7 in., bound. 37.50 r. m. 

JThis treatise discusses these types of engines theoretically 
and practically. The author presents a new theory of the in- 
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ternal combustion engine, in whicb the working process is re¬ 
garded as a function of the process of combustion, time, and 
cooling. The laws of the combustion process are investi^ted 
and applied to semi-diesel and Isompressorless di^el en^es. 
The principal commercial types of engines are examined and 
practical conclusions drawn. 

Life op Gborgb Chappet; A Story of Irrigation beginnings in 
California & Austria. By J. A. Alexander. Melbourne, 
Macmillan & Co.r 1€28. 382 pp., illus., ports., maps, 
9x6 in., cloth. $10.60. (Gift of Macmillan Company, 
N.Y.) • 

George'Chaffey arrived in California when irrigation develop¬ 
ment was in its primitive stages, and rapidly became an impor¬ 
tant pioneer in its advancement. He founded the Ontario 
colony, still a model of success, and devised the system of mutual 
water companies which has played a valuable part in promoting 
irrigation enterprises. Invited to Australia by the Victoria 
government, he founded the first larger-scale developments in 
that continent. Returning to the United States, he built the 
Inroerial Valley works and the Whittier development. 

His life is told in interesting fashion in this biography. Partic¬ 
ular attention is ghren to the Australian period of Ms career, and 
the reasons for the financial failure of developments there is told 
in detail. 

Die Maschinenblembntb, v. 2. 

By Felix Rotscher. Berlin, Julius Springer, 1929. 1364 pp., 
ilkis., diagrs., tables, 11 x 8 in., bound. 48.-r. m. 

The final volume of an important treatise on machine design, 
publication of wMch began in 1927. 

The book has been given great praise in Germany, both for 
its comprehensiveness and for its method. Its especial virtue 
is the attention paid to questions of manufacture and working 
conditions. While the mathematical and kinematical factors 
are fully considered, the author also gives full attention to such 
matters as the most economical methods of forming the elements 
of a machine, the selection of the best material, the conditions 
under wMch the macMne will be used, and other factors that 
affect the efficiency of the finished product. The result is an 
unusuailypraoticalreferencebookfor designers andmanufaoturers. 
Mastb und .Ttjrmb in Stahl. 

By P. Bturzenegger. Berlin, Wilhelm Ernst & Sohn, 1929. 
219 pp., iHua., diagrs., 10 x 7 in., paper. 23.-r. m. 

TMs book, one of a libraiw on steel construction planned by its 
publishers, is devoted to the construction of masts and towers 
for electric transmission and distribution systems. The author 
treats of the development anff principles of line construction, 
transmission lines, 'Volley lines, anchorages and foundations, 
^protection from corrosion, mast transportation and erection. 
Pi^tical directions for design are given, and many types are 
illustrated and described. 

'Nombnclature op Petrology. 

» By Arthur Holmes. Lond., Thomas Murby & Co., 1928. 
284 pp., 7 X 6 in., cloth. 7/6- 

A reliable dictionary of rook names, includiug the majority of 
those found in geological literature. The definitions are accurate, 
the introducer of each term is given, and there are numerous 
references to the literature. Glossaries of French and Gorman 
terms and of Greek and Latin words and prefixes, are given in 
appendices. 

The new edition is a reissue of the first, with corrections, at a 
greatly reduced price. 

OpBRj^iONAL Circuit Analysis. 

By vannevar Bush. N. Y., John Wiley & Sons, 1929. 392 
pp., 8x5 in., cloth. $4.00. 

The purpose of this text is the presentation of the Heaviside 
operational calculus and allied matters in form for engineering 
use. It aims to bring together the substance of the develop¬ 
ments and extensions of the methods introduced by Heaviside 
in Ms classic work, and to show how they may be applied to 
all sorts of circuit problems, not only in electricity, but also in 
acoustics, mechanics, hydraulics, and so on. The book is 
written primarily for engmeers, rather than for mathematicians, 
and is based on experience in teacbing the Subject at the Massa^ 
chusetts Institute of Technology. 

Physios op thb Air. 

By W. J. Humphreys. 2d edition. N. Y., McGraw-Hill 
Book Co., 1929. 654 pp., filus., diagrs., tables, 9x5 in., oloth. 
$ 6 . 00 . 

In this work Dr. Humphreys discusses the whole ra^e of 
physical phenomena of the earth’s atmosphere and gives scientific 
or rational explanations of them. The book thus brings together 
in orderly arra^ement much material that has been widely 
scattered and difficult to find. 

The new edition contains ah additional part, on meteorological 
aooustios, as well as nrany new paragraphs and topics. 


Profession op Engineering; Essays, Edited by Dugald C. 
Jackson & W. Paul Jones. N. Y., John Wiley & Sons, 
1929. 124 pp., 8x5 in., fabrikoid. $1.50. 

TMs collection of essays by noted engineers is designed pri¬ 
marily for the young man choosing a vocation. Starting with 
discussions of the education of the engineer and of the factors 
that mak? for success in engineering various authors describe 
the main branches of the profession. The final essay by 
President Hoover, is on the engineers contribution to modem life. 

The authors suggest the book as a text'^or freshman orienta¬ 
tion courses and courses in en^eeriog English, and assi guide to 
parents and others inMrested in the profession and the qualificar 
tions necessary for entering. 

Radio. Edited by Irwin Stewart. Supplement to vol. 142 of 
the Annals. PMla., American Academy of Political and r 
Social SciSnoe, 1929. 107 pp., 10 x 7 iis., paper. Price not 
given. 

The aim of tMs p9.mpMet is to give a picture of the entire field 
of radio in non-technical language. The articles, by many 
prominent specialists, deal with the development of radio, its 
present status, Federal legislation and its administration, its 
uses, and the part that it plays in international affairs. 

Radio Receiving Tubes. 

By James A. Moyer and John F. Wostrel. N. Y., McGraw- 
Hill Book Co., 1929. 297 pp.,rillus., diagrs., tables, 8x5 in., 
cloth. $2.50. 

Explains the principles underlying their action, teUs how they 
are constructed and describes their uses, both in radio com- 
mumcation and for other industrial purposes. One chapter is 
devoted to specification for tubes for various purposes. The 
treatment is as nontechnical a^ is consistent with accuracy. 

Lb Rbgulatbub Automatiqub Pour Machines Elbctriqubs. 

By Ernest Juillard. Lausanne, Switzerland, Payot & Cie, 
1928. 176 pp., illus., diagrs., 10 x 6 in., pp^per. 6 fr. 

The author has undertaken to interpret, by mathematical 
analysis, the transitory phenomena that occur at the moment 
when an automatic regulator comes into action. After having 
established a general method applicable^to any t^pe of regulator, 
the author makes use of it for the more special study of the 
automatic regulation of the voltage of generators. The mathe¬ 
matical results show the important ro|e played jby the various 
characteristics of the generator and regulator. The calculations 
are confirmed by a series of tests. ^ ^ 

Speech & Hearing. c 

By Harvey Fletcher. N. Y., D. Van Nostrand Co% 1929. 
331 pp., illus., diagrs., tables, 9 x 6 in., cloth. 5.50. 

TMs work on the physics of speech and hearing makes avail¬ 
able the results obtamed by the author and Ms associates during 
thirteen years of work at the Bell Telephone Laboratories. It 
treats of the mechanism and character ox speech, of the physical 
properties of musical sounds and noise, of the mechanism of 
hearing and its capacities and of the perception of speech and 
music. 

Stratigraphical Palaeontology. 

By E. Neaverson. Lond. & N. Y., Macmillan & Co., 1923* 
525 pp., illus., 9x6 in., cloth. 6.50/* 

While textbooks of stratigraphy always contain some broad 
generalizations on the faunal aspect of stratal conceptions, says 
tMs author, the student is often left with inadequate ooneeptions 
of the application of paleontological methods tb stratigraphy. 
The present book is designed to help Mm to use fossils to the 
best advantage in Ms geological work. 

Part one mscusses general considerations, such as mode of 
occurrence, habitat, geograpMcal distribution, and migration. 
Part two is an account of the faunas of geological systems as 
they occur in Great Britain. The book contains accurate illus¬ 
trations of some five hundred different kinds of fossils, wMch 
should be of servic^ to mining engineers and geojpgists. 

Die Theorie deb ^ewiohtbstaumanern. t 

By K. KammuILer. Berlin, Julius Springer, 1929. 60 pp., 
diagrs., tables, 9 x 6 in., paper. 5.40 r. m. 

TMs little book discusses some important problems of dam 
design, its purpose being to present some valuable results of 
theoretical mvestigation into the strenp^th of gravity dan^a in a 
form that will be easily applicable m practice. The topics 
treated include uplift, the pressure conditions) the stresses, and 
^6 position of the expansion joints. 

Theory of Heat Engines. 

By William IncMey. 3d edition. N. Y„ Longmans, Green 

f Co., 1929. 504 pp., diagrs., 9x6 in., cloth. $5.00. 

In order to have space for a complete exposition of both the 
thermo-dynamical and mechanical piincij^es of tiie subject, Ml 
purely descriptiye matter has been omitted "from this book. 
It aims to give ooncisely a thorough oourse in the theory of h%s,t 
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engines, adapted to the courses given university students of 
engineering. The new edition has been edited by Dr. Arthur 
Morley, who has made various, amendments and eorreetions. 
Vibration Problems in Enqinbering. 

By S. Timoshenko. N. Y., D. Van Nostrand Co., 1928. 
361 pp., 9 X 6 in., cloth. $4.60. ^ 

An exposition of the fundamentals of the theory of vibrations 
with special reference to the application of the theory to such 
practical problems aa the balancing of machines, the vibrations 
in turbines and in rfulroad track and brides, and the whirling 
of rotati^ shafts. The topics discussei^ include harmonic and 
non-harmonic vibrations in systems with one degree of freedom, 
in systems with several d^ees of freedom, and in elastic bodies. 
A chapter on measuring instruments is included. Applications 
to various engineering problems of importance ai;g developed. 
Warme-und Kai^:^chutz in Wissbnschapt und Praxis. 186 
pp., illus., tables, 9x6 in., bound. 16.-r. m. 

Die Grundlagen fur Den Verglbich toN Warmeschutz- 
ANGEBOTEN. 63 pp., diagTS., tables, 8x6 in., bound. 
7,60 r. m. * • 

.Die Technisch-Rechtliche BedTeutung von Garantibn 
AUF DEM GeBIETE DBS WaRME-UND KaLTESOHUTZES. 62 
pp., 8x6 in., bound. 6,60 r. m. 

Kaln-Rhein, Deutsche Priofortn Werke Bohlander & Co. 

For sale by Julius Springer, Berlin. 

These three volumes issued by the Deutsche Prioform Werke 
contain technical data and advice to purchasers of heat-in¬ 
sulating materials based on the experience of that firm of 
manufacturers. « 

Warme-und K^teschutz is a general work on the principles 
and practice of heat insulation. The conduction of heat, the 
calculation of insulation, the testing of insulatii^ materials, 
various methods of ululating, and the raw materials used are 
discussed. The book summarizes the data needed in designing 
and selecting materials and methods. 

^ Grundlagen fur Vergleich der Warmeschutzangeboten aims to 
assist the buyer in comparing tenders from various firms. Tech- 
nisch-Rechthche Bedeutung von Garantien is a discussion of the 
technical and legal points or manufacturers guaranties. 

Wbge und ZiEjiE DBS Dbptschbn Musewms. By W. Von Dyck. 
Heinrich Hertz. By J. Zenneck. 

(Defitaches Museum. Abhandlungen und Berichte, heft 
1 & 2.) Berlin, V. D. I. Verlag, 1929. heft 1, 30 pp.; heft 2, 
36 pp., niiis., ports., 8x6 in., paper. 1,-r. m. each. 

These pamphlets are the first two numbers of a bi-monthly 
publication which will be issued under the auspices of the 
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Deutsches Museum and the Society of German Engineers, and 
which will be devoted to brief popular accounts of important 
technical developments, biographies of scientists and engineers, 
museum cdliections, etc. ^ 

The first number contains an account of the beginnings of the 
Deutsches Museum, of its organization, devmopments and 
purposes. The second is devoted to an account of the life and 
work of Heinrich Hertz, in which Dri Zenneck gives an able 
brief review of his discoveries and thesr influence on electrical 
engineering. ^ 

WlDERSTANDSMESSUNGEN AN UmSTBOMTBN ZtLINDBRN VON 

Kreis-und Bruckbnpfeilerquerschnitt. 

By F. Eisner. Berlin, Julius Springer, 1929. (MitteUungen 
der Preussischen Versuchsanstalt fur Wasserbau und Schififbau, 
Berlin. Heft 4) 98 pp., illus., diagrs., tables, 11 x 8 in., paper. 
lO.-r. m. 

This is an experimental contribution to the question of the 
resistance to motion of sohds in liquids. It is the first portion „ 
of a comprehensive, systematic investigation of the resistance of 
structures resembling bridge piers in open channels, and of the 
effect of various sha'pes upon their resistance. The present 
report is in three parts. Part one shows the distribution of 
pressure and the amount of resistance in the case of cylindrical 
bodies. Part two is a review of the present teaching of hydro¬ 
dynamics Cbnceming resistance and the formulas proposed tor • 
computing it. Part three gives the results of experiments wuh 
bodies siimlar in cross-section to bridge piers. 

These investigations were made at the Prussian Experimental 
Institute for Hydraulic Engineering and Naval Architecture, and ^ 
have been in progress since 1913. * 

ZuGFESTIGKEIT und HaRTE BeI Met ALLEN. 

By Otto Schwarz. (Forschungsarbeiten, heft 313). V. D. I. 
Verlag, 1929. 34 pp., diagrs., tables, 11 x 8 in., paper. 6 r. m. 

With the growing use of non-ferrous metals and the very 
general use of the ball test upon semi-finished and finished 
products, a clear understanding of the theoretical and practical 
connections between tensile strength and hardness becomes very 
important. These relations are very carefully studied in this 
report. The author first investigates the question thGoretically 
and derives laws showing the relationship. He then describes 
his laborato^ investigations in detail, gives the experimental 
results obtained with brass, nickel, aluminum, duraluminium * 
and skleron, and supplies tables, based on these results, giving the 
factors tor converting hardness into tensile strength. The 
relation of strength to hardness for copper and steel at higher, 
temperatures and tor cast metals is also shown. 


Engineering Societies Employment Service 


Under joint management of the national eocieties of Civil, Mining, Mechanical and EUdrical Engineers coovera^ 
ingjmth the Weetem Society of Engir^eera, The service is available only to their membership, and is maintained as a 
cooperative bureau by coniribtUions from the societies and their individual members who are directly bemfited. 
offices:—SI West $9th St, New York, N. F.,— W, V. Brown, Manager, 

liBlS Engineering Bldg., S05 W. Wacker Drive, Chicago, III,, A, K. Krauser, Manager. 

67 Post St, San Francisco, Calif., N, D. Cook, Manager. 

MEN AVAILABLE.—Brief announcements will be published without charge but vxiU mt be repeated except upon 
requests received after an interval of one month. Names and records will remain in the active files of the bureau for a 
period of three months and are renewable upon request. Notices for this Department should he addressed to 
EMPLOYMENT SERVICE, 31 WEST 39th Street, New York City, and should be received prior to the 16th day 
of the month. ^ ^, 

OPPORTUNITIES.—A Bulletin of engirieering positions available is published weekly and %s available to 
members of the Societies concerned at a subscription of SS per quarter, or 310 per annum, payable in advance. Posir 
tions not filled promptly as a result oLpublicahon in the Bulletin may be announced herein, as formerly. 

VOlUNtARx contributions.—M embers obtaining positions through the medium of this service are 
• irmted to cooperate with the Societies in ike financing of the work by contributions made within thirty days after 
placement, on the basis of one and one-half per cent of the first year's salary: temporary positions {of one month or ^s) 
three per cent of toted salary received. The income contributed by the members, together with the finances appropriated 
by the four societies named above will it is hoped, be suffident not only to maintain, but to increase and extend the service. 

REPLIES TO ANNOUNCEMENTS.—Replies to announcements published herein or in tfw Bulletin, should 
be addressed to the key number indicated in each case, with a two cent stamp attached for reforwarding, and forwarded 
to the Employment Service as above. Replies received by the bureau after the positions to which they refer have been 


filled will not be forwarded. 

POSITIONS OPEN 

BNGINEBB, who Is familiar with the design of 
watthour meters and cuirent and voltage trans¬ 
formers. Apply by letter stating qualifications 
folly and sidary expect^. Location, Oanada. 
Z.7740^. • 


BliBOTBIOAIi graduate of 1920 

or earUer. Design experience in the audio fre¬ 
quency end of radio 8et| preferred. Apply by letter, 
giving age, training, exs^rlence and salary expected. 

Opportunity for advancement jp, sales engineering large city. Must have had similar experience 
capacity. Location, Middle west. X-7800-0. with power and light company in a city of at least 


ASSISTANT ENGINEBB, of electrical distri¬ 
bution to make studies and plans for future ex¬ 
pansion of distribution system, both underground 
and overhead 4000-volt and 12,000-volt, for a 
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600 000 liopulaaon. Apply by letter glytog fuU GRADUATE BLBOTBIOAL ENGINEER, of POWER AND MAINTENANCE BNGI- 
det^ In first letter, induding references, samples wide experience In design of large power stations, NBER, technical graduate; 16 years experience 
^ work sa^ expected, age and r^t photo- steam and hydroelectric, high-tension Indoor and In power-plant and Industrial power Invesl^tion 
sranh TrayeUng expenses paid foruonferonoe. outdoor substations and Industrial plants. Has layout and operation; departmental distrlbut^ 
Lot^tion Canada. X-7850. had executive and construction ej^rlence. Ca- of power, steam and costs. Thorough acqualn- 

* ’ pable of responsible work. Has bad aome manu- tance “with steam and electrical equipment. De- 

MEN AVAILABLE facturlng, business and sales experience. Now sires position with industrial organization. 

KLEOTRIOAL ENGINEER 36, single, B. S. employed. Location preferred. East or Southeast. Executive and business abbity. Location near 
InE.B.-.seyonyearsofpuBUofttUltymweriencein B-9222. Philadelphia or New York preferred. B-7492. 

laboratory and field tesUng of power and industrial ELECTRICAL ENGINEER. 32, married. SALES ENGINEER. American, 39, six years 

equipment, protective relays and meters. Con- 1924 graduate. Five years’ experience as dlstri- ^ sales engineer covering United f States and 
siderable dscillographie experience. Desires posl- button engineer with one of the largest utility Canada. Nine years present position, business 
tion with engtneerli:^ or industrial concern. No companies in the middle west; desires a position executive ^endin^ most of time in foreign lands, 
preference as to location. 0-6713. of responsibility with a utility or manufacturing Married, steady, good health, mijoy work. Per- 

RESEAROH ENGINEER. 32. M. I. T. grad- company in the West or Southwest. 0-6714. sonaUty that wears. Thorough sales and business r 
uatc, M. S. In B. E. Six years' experience with eLEOTRIOAD ENGINEER, 1927 graduate, trainlne- Handles Prencft (^.rrectly. Seeks 
power companies on Important test and Investiga- 3 B 24. single. Two years’practical ex- enslneerlng or export connection with reliable 

tionwork; five yearslntheresearch department of p^rlgnc^ la dectrlcal and gas substation construo- «5oi“P»“y- Location, Immaterial. NowonPaclflc 
prominent manufacturer on research and develop- handling of men in this work. De- Ooaat. 0-5817. 

mentwork. B-1041, sires connection with industrial, construction ELECTRICAL ENGINEER desires position 

GRADUATE BLBOTRIO.AL ENGINEER, or public utility. 0-6782. doing research or development work. Thoroughly 

25 . ^ 1 ^ de^ position BLBOTRIOAD ENGINEER, 26. single, grad- t™toed a^ compe^t meter enfnew. llx- 


mentwork. B-1041, sires connection with industrial, construction ELECTRICAL ENGINEER desires position 

GRADUATE BLBOTRIO.AL ENGINEER, ^^j^pany, or public utility. 0-6782. doing research or development work. Thoroughly 

25, married, desire^ position with developm^t, ^TirnT'RTnAi. WNansTEER 26 flimrle «rad- trained and competent meter engineer. Ex¬ 
public utility or Industry. Six years of practical S In E E • two years’ of mechanical and Peri^Jiced ^ combustion and general laboratory 

experience in construction and maintenance; three of Power plant testing. Ha^ been successful 

years coal mine superintendent. Seeks change + 4 H 4 .« nooirAe wi-i-h a^ong development lines; also extensive public 

SuXox^SsJ^^Lrri^Sewtl: utiSfyexp^Le. 06268. 

titles. Location Imrnate^. m^ Beet references. C-6776. ELECTRICAL ENGINEERING GRAD- 

"^I^EOTRTOAl” ENGINEER, 33, married, ELEOTRIOiO-AND IvraOHANIOAL ENGI- 

dAiTpoe E E Dordrecht, Holland, desires position NBER, sixteen years’ experience, married, 32; de- concern, puo u ^ 

ae construction engineer with prospects of foreign sirra position as ^porlnt^dent of oonstruclton or wr^om tro^te toy^tlgrtiOT; 

fiArxHoA now or later* Seven years* experience, maintenance engineer; four years general and m power lacwi conoouiuw, wo w ^ 

Instaliation, testing, automatic telephone In- electrical superintendent to terge electro^eml^ tests*”*Loca^^ta*eastern Pennsyl- 

spector. central office. emewnw«pa|r^^^ In aout* America or Canada, ^“rt^ition elL 

Ing, supervisory control. Speaks English, Dutch, available at once. G-8671. ■where B-6646 

French, German. AvaUahle for any location. INDUSTRIAL ELECTRICAL ENGINEER; ELECTRICAL ENGINBER- 

Now employed. 0-6733. expedonce in application, construction and i a yvtom>{Af 4 < 

ELECTRICAL SALES AND CONSTRUO- maintenance of electrical equipment in metal EXECUTIVE, now employed, 

TION ENGINEER, 31, desires connection with working industries. Deshea position as plant en- years experience, d^gn, supervision of wn- 
rellabie company; graduate of two technical gmoer or manufacturer’s representative. B-8918. 

test course, experience In turbine peering ^^^““deST^^n^lon ;nZ»t of power BLEOTRIOl^MBO^O^ ENGINEER, 

honses.lndnstrlM plants, substationsandlighting 


ELECTRICAL ENGINEERING GRAD¬ 
UATE, 31, married, desires position with manu- 


vanla at present but will consider position else¬ 
where. B-6646. ^ 

GRADUATE ELECTRICAL ENGINBER- 


BLECTRIOAL-MBCHANICAL ENGINEER. 


sales; also, specialty merch andizin g. C-6618. 

DESIGNING ENGINEER. 34 single. Elec¬ 
trical engineering graduate desires position as 


n-2fi77 -Engineer. Electrical Designer of a.c. and d-c. 

TN TkT s substations and transmission line eilkiifaer; very 
RESEARCH PHYSICIST, Ph. D. Nation- with design of a-c, calculating boards 


• designing engineer; thirteen years’ experience In ally' known for remar^We rewrd of eleci^l oscillograph, klydonograph and cathode-ray 
the electrical industry, seven of which were spent and radio invei^ons. Pa^ poriUons: University Qgjjjuogmph investigations; able to analyze sta- 
with public utilities, designing power plants and Professor (head of Phyrics Department), and engineering data; desires engineering posi- 

handling material, estimating, specifications and Director of Theoretic^ Research at prominent manufacturing or public utiUty company, 

vali^n. Now employed. Location, immaterial, industrial research laboratory. Pi-esent salary ^^OO. 

''0-983. $ 12,000 per annum. 0-2048. SALES ENGINEER, desires position in 

TECHNICAL GRADUATE, University of ELECTRICAL ENGINEER, B. S., 27, recent office of manufacturer of electrical equip- 

Kentucky. Five years’ experience power plant graduate; thorough knowledge of Spanish; work- ^ estimator in office of consulting engi- 

and substation layout and constructton; Westing- ing knowledge of Portugese; desires connection University graduate in E. E., 39, married, 

house Test. At present, instructor of engineering with concern doing business in South America. ’present ei^ployed in. electrical englneGr’a 
in large midwestem university. Desires either Location, immaterial. G-6811. , office of coal mining company. Middle Atlantic 

summer or permanent connection. C-6734. ELECTRICAL ENGINEER, graduate, mar- states preferred. G-5836. 

RECENT GRADUATE, with degree of B. S. pied, willing to travel. Has had two years’ ex- jjNGINEBR. with broad experience, both 
InB. E,. 27, single. Attended radio school in perlence on General Electric Test, one year’s sales and mechanical, manufacturing 

Pennsylvania and wlU graduate from Ohio contract service experience, three years position as chief engliieer of a concern 

Unive^ty. Has worked for power company in in the electrical contracting business and one year ^^acturing electrical household appliances. 
Pennsylvania, doing drafting work inwnnection valuation and appraisal work. Desires to Available on reasonable notice. A-4660. 
with extension lines. Desirous of electrical work enter sales, Inspection or installation work. tpxt/ntxttpipo oa 

with a company where there are possibilities Available on short notice. B-9090. 

of advancement Location, immaterial. Avail- "witli degrees in Science and Electrical Englneer- 

aWe J^e iT X929 ^728. ASSISTANT PROFESSOR, E, E.. now in j^g; thoroughly experienced in the design and 

METER AND INSTRUMENT SPECIALIST, utility work and with a background of ten years* manufacture of electric sets, power supplies, 
28 single high school and evening technical experience in classroom, supplemented by practic^ power transformers, paper condensers; six years’ 
school education; five years’ experience in the experience during summers, desires return \i)o experience in above products. At present em- 
desim manufacture and test of meters and In- college work, in South or West. Connections ployed as chief engineer, .paper condensers, desires 
strumenta. Available, one month. Location, im- hB*ve been with cto organtotions. Avail- change. 0-3277. 

materlsa. 0-6771. e able on one month s notice. 0-1699. BLBOTRIOAL ENGINEER with twenty 

NEBRASKA GRADUATE, 26, single. Five MBOHANIOAL-ELEOTRIOALENGINEER, years’ experience in making surveys, designs and 
years* telephone experience, including manufactur- with twenty years* experience in the design, supervising the construction of underground 
ing and operating; some sales e:q)erienco. Desires construction and operation of manufacturing distribution systems. Has been exceptionally 
connection which offers sales opportunity with a plants and their equipment; specialty is the successful on recent three-phase four-wire systems, 
future within the corporation. ^ Location, Im- operation and maintenance of large manufactttring Individual surveys and designs considered on a 
material. Available to travel on short notice, plants. Training was obftined In plants employ- monthly salary basis. Highest references from 
0-6770 ing over 6000 men. 0-6088. leading engineers. B-4272. 
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MEMBERSHIP —Applications, Elections, Transfers, Etc. | 

.......... ... i 

FOR TRANSFER PAQXJB, E. J., General Works Engineer, The Oriss, P. W., Mississippi Power & Light Oo., 
The Board of Examiners, at its meeting of Poliak Steel Co., Cincinnati, Ohio. Lexington, ^Iss. 

April 3,1029, reconiuie^ed the following members RITTER, RALPH W., Engineer, Electric Storage Cunning, J. C., Bureau of Power & Light, Los 


for transfer to the grade of membership indicated. 


Battery Co., Philadelphia, Pa. 


Angdes, Calif. 


S. A.. 


Any objot^tion to these transfers aliould be gled ROST. HELQE, ^hief Electrical Engineer, Dillon, H. A., Jr., Dillon Electric Service Station, 

' Gloversvllle, N. Y. 

Dinwiddle, E. H., Southwestern Bell Telephone 
Co., Oklahoma City, Okla. 

Doherty, H., Steam Yacht “Viking.” New York, 
N. Y. 


at once with the National Secretary. Empresa de Telefonos Ericsson, 

ra... J c 11 Mexico, D. P. Mex. 

T. AT T , SHANKLIN. GEORGE B., Elec. Engr., General 

HALLBORG, HENRY E., Communications jffiiec. Co., Schenectady. N. Y. 

Engineer, RadioCJorp. of America, New York, sileNT, HAROLD 0., Elec. Engr., Electrical 

nT A Hr r AT Ti-n Rescarch Products, Inc., Los Angeles, Calif. Eamheart, R. L., General Electric Co., Erie, Pa. 

MARSHALL, ALFRED O.. Vice-President and STANNARD. JAY L., Chief Engineer. Cushman Edwards, J. H.. Jr., Kansas City Power & Light . 
General Manager, The Detroit Edison Oo„ Power Project, Tacoma, Wash. Co., Kansas City, Mo. 

Detroit. Michigan, TEACH. PRANK A„ Asst. Elec. Engr., Gusta Ely, H. D.. Kansas City Power & Light Co.. ^ 

To Grade of Member ^ Hirsch Organization, Columbus, Ohio. Kansas City, Mo. 

BALDWIN, HOWARD D., Manager, Westing- TOWNSEND, WISNBR R., Engineer, Baker & ^ Emme, M. T., Western Bhctrlc Co.. Minneapolis, 
house Elec. & Mfg. Oo.’.’ Wilkes B^to. Pa. Spencer, Inc., New York. N. Y. Minn. 

BAUMER, HARRY W., Acting Asst. Elec. Engr., WALTON, PERCY J., Elec. Engr., General Elec. Evans, A. E., (Member), Commonwealth Edison 
Dept, of Gas & Electricity, Chicago, Ill. Philadelphia, Pa. Co., Chicago, Ill. 

BENNETT, JOHN W., DistrlbuTlon Engineer, WILLIAMS, HAROLD W., Westinghouse Elec. Evans, S., (Member), Hughes Tool Co.,-Houston, 
Eastern Now Jersey Power Co., Asbury Park, ^ Mt^. Co., E. Pittsburgh, Pa. Tex. ^ , 

J WOODWORTH, LEON B., Sectional Engineer, Poster, J. A., Standard Public Service Co., 

Centi'al Mining & InvestTnent Corp., Johan- Columbus, Ohio 

Predericks, P. G., (Member), Jeffery DeWitt 


nesburg, Transvaal, So. Africa. 


BO LICK, CLARENCE P., Operating Supervisor, 

Duquosnu Light Co., Pittsburgh, Pa. 

BROWN, ROBERT 0., Ja., Plano d31ectrlclan, YANG, SIH-ZUNG, Sales Manager. ElbrookInc, 

Public Lighting Conimission, Detroit. Mich. 

CLARK, J. HUNTER. Executive Asst, to Chief 
Elec. Engr. and Gen. Mgi\, Bureau of Power 
& Light, Los Angeles. Calif. 


Insulator Co., New York, N. Y. 

Prendenthal, J., Bruns^ck, Balke, New York, 
N. Y. 

Puller, R. A., General Electric Oo., Philadelphia, 
Pa. 


Shanghai, China. 

APPLICATIONS FOR ELECTION 

Applications have been received by the Sec- 
OUItlTsT LE^ ^nT. '^P^oi^^ Electric notary from the following candidates for election Gebhardt, P. B., Colin B. Kennedy Corp., South 

Co * Erie Pa *’ ’ ^ membership in the Institute. Unless otherwise Bend, Ind. 

•OUltTIS ixi'uis B . SxiporvlBor of Subetatlons, tndlcated, the applicant has appUed for admls- Gordon. M. K., Jr.. Brandes Products Oorp.. 

Pennsylvania Philadelphia. Pa. “• Associate. K the applicant has appUed Newark. N. J. 

nATJiii'T.q HPNRV n.irf. Pnirinaar Central direct admission to a grade higher than Asso- Groeneveld-Meljer. N. B.. (Member). AUgemelne 
Hu^k CoSt^rghSle elate, the grade follows Immediately after the Elektridtats Gesellschaft. Schenectady. N. Y. 

Hu^n Gas * Elec. Corp.. l oughkeepsie. member objecting to the election Hays. H. M.. Westinghouse Elec. ^ Mfg. Co.. 

BABlkvND. AtVIN P.. Silpt. Elec. Oonstruo'tlon -“T “e® candidates should so Inform the East Pittsburgh. Pa. 

and Design. Public DtiUtlos Dept.. Tacoma. Secretary before May 31.1929. 

Waali. Adrian, M. J„ Westinghouse Elec. & Mfg. Co., 

DIAMOJ^D, HARRY, Radio’Englneer, Bureau of New York, N. Y. 

Standards, Washington, D. O. Bartol, L. W., Westchester Lighting Co., Mt. 

DUNBAR. JOHN ROBERT, BloctricalEngineer. Vernon, N, Y. 

Canadian Wostlnghouse Oo., Hamilton, Ont., Bates, R. P., General Blecti-ic Supply Corp., 

Can. Houston, Tex. 

FERGUSON. JOHN G.. Telephone Bngiuoor. Baumgartner. R. P.. Westinghouse Elec. & Mfg. WasHnshouse Electric rntemattoual 

Bell Telephone Labs.. New York. N. Y. Oo.. East Pittsburgh. Pa. O- O - Westinghouse Electric IntematloDgl 

FROST. GEORGE. Power Sales Engineer. Baxter. P. H.. Shawlnlgan Water Sc Power Oo.. 

Lawrence Gas & Elec. Oo.. liawronce. Mass. Shawlnlgan Palls. Que.. Can. 


Heinrich, J., Kansas City Power & Light Co., 
Kansas City, Mo. 

Hopkins, P. E., Public Service Co. of No. Illinois, 
Ohicagcil 111. 

Howard, P. M., Mountain States Power Co„ 
Casper, Wyo. • 

IngersoU, H., United Illuminating Co., New 
Haven, Conn. 


Co., New York, N. Y. ^ 

James, H. O., Henningson Engg. Co., Omalia. 
Nebr. 


GARVIN. JOHN P.. OentraJ Station Layout Borg.B.H. (Member).PadflePower&LIghtOo.. q _ 3,^^ Brewing Oo..Milwaukee, 


Engineer, W. S. Bai‘tstow & Co., Reading, Pa. The Dalles, Ore. 


OUAHAM’. VIRGIL M., Radio Engineer, Strom- Berry. R. U., General Electric Oo.. Schenectady, „ General Electrtc Oo.. PlttsUdd. 

• rpAlAnlirtTia "MfiP rin . RnnhAAtAr. N- Y- * ’ * 


borg-Oarlson Telephone )^4fg. Oo., Rochester, 
N. Y. * 

GRiFFITH, R. T., Asst. Engr. of Transmission, 
Bell Telephone Oo. of Pa., Pittsburgh, Pa. 
HOGE,* OARL^ H„ Construction Supt., Puget 
Sound Pr. & Lt. Oo., Seattle, Wash. 
KAYLER, IvENNETH W„ Operating Engineer, 
Duquesne Light Co.. Pittsburgh. Pa. 
KELLY. JAMES F., Electrical Plant Engi\. 


N. Y 

Bickford, O. L., Electrical Contracting, New 
Hampton. N. H. 

Buchholz, W. P., Midwest Refining Co., Midwest, 
Wyo. 

Buck, P. G., Pennsylvania Water & Power Co., 
Baltimore, Md. 


Mass. 

Kenneally, M. M.. (Member), Ohio Brass Oo., 
New York, N. Y, 

Knauer, G. W.. Northwestern Bell Telephone Co., 
Fargo, No. Dak. 

Knowles, H. P., Edison Electsric lUumJnatiDg Oo. 


Public Servlco Elec. Ic Gas Oo., Newark, Butler. L. W^ Wisconsin Telephone Co., Mil- t. , nnlted Electrle Lladit & Power Oo.. 

N, J. waukee. Wls. , New York N Y. 

KIRKPATRICK. CHARLES M., Asst. North- Cato. J. T., ^uislana Power is light Co., Ster- p ^ 3 ,,^^ Idotor Co., St. Paul. Minn. 

eastern Central Station Mgr.. Westinghouse llngtom I^. wnotT.m.i. Levy, M. W., Kansas City Power & light Co., , 

Bleo. & Mf» Co.. New York, N. Y. ^lOalverley. W E.. Railway & Industrial Engineer- 

LARSGN. LUDVIG O.. Instmctor of co., Lewis. M. T.. Southwestern Bdl Tel. Co . Dallas. 


Tex. 


Engg University of Wisconsin, Madison, Wls. Carpenter, ^ 

""“sSHTetrLU".‘DS.S"^: CarrSTr^.^^t^ghouse Eldttrlcal Inter-* - 

"""EU=Sto^eB“^“c:"sr BeU Malo^J.^ aa^e Neon lights. Inc.. Ixmg 

tifl WMh Tel. Co., Oldahoma City, Okla. Island City, N. y. 

tohnR Chief Engr., BeU Tel. Chen. D. S., Globe Electric Oo., MUwaukee, Wls. Marrs, R. E., General Electric Co.. Schenectady. 
Oo of Pa. Pittsburgh, Pa. Cffark, L. B., P. O. B^x 97, Parker, Indira N. Y. • ^ 

MATHES ROBERT O., Communication Engl- Coe, B, R. O., International Communication i^a,thewson, P. L„ Canadian Westinghouse Co., 
noer Bell Telephone liabs.. New York, N, Y. Labs., Inc., New Hamilton, Ont., Can. 

MESS, CHARLES T., Asst. Engr., California Oooney, R.':r,Jr.,J.G. White Bnginee ng orp., 2 Ord St., San Francisco. Calif. 

Tech.. Cambridge. Mass. Philadelphia. Pa. s^ierson, 
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Meurer. B. B., Telephone Oo. of Penna., 
Pittsburgh. Pa. 

Moody, P. B., Westinghouse Blec. & Mfg. Oo., 
Sharon, Pa. • 

Moorhouse, O. B., Canadian Westinghouse Oo., 
Ltd., Hansilton, Ont., Gan. 

Morf, B. B., LatourrettePlcal Oo., San Francisco. 
Oalif. • 

Morris, W. G., Home Tel. & lei. Oo.. Spokane. 
Wash. • 

Mumm, A., Leeds & Northrup Oo.. Philadelphia, 
Pa. 

Murr. A.. Interborough Rapid Transit Oo.. 
New York, N. Y. 

O'Oonnor, P, P., Interborough Rapid Transit Oo.. 
New York, N. Y. 

Pane, G. L,. Ingenlo Santa Pe O. por A. San Pedro 
de Macorls, Dominican Bejmbllo 

Palmer, O. H., Mississippi Power & Ldght Oo., 
Leidngton, Miss. 

Parlas, J. L., 103 Bast Madison Ave., Niles, Ohio 

Paxton, B. T., Generad Blectaric Supply Oorp., 
Dallas, Tex. 

Pettibone, G. W., American Tel. & Tel. Oo., 
New York, N. Y. 

Phillips, P. L., Kansas City Power & Light Oo., 
Kansas Oity. Mo. 

Pdhl, A., (Member). Westinghouse Blec. & Mfg. 
Oo., Newark, N. J. 

H. V., Kansas Oity Power & Light Oo., 
Kansas City, Mo. 

Reis, J, P., Westinghnuse Blec. & Mfg. Oo., 
Sharon, Pa. 

Richardson, G. B., Texas Power & Light Oo., 
Dallas, Tex. 

Rlndlaub, W. W., Philadelphia Electric Co., 
Philadelphia, Pa. 

Russell. O. E., Bussell’s Radio Service. Ooffey- 
viUe. Kans. 

Schuler, K. B., Centrid West Public Service Oo., 
Omaha, Nebr. 

Scribante, P. P., Star-Delta Electric Works, 
San Pfincisoo, Oalif. 

Shlnkevich, B. A.. International General Electric 
Oo., S^enectady, N. Y. 

Shore, H., United Electric Light & Power Oo., 
New York. N. Y. 

Skinner. O. H., (Member), MarqueOe University. 
Milwaukee, Wis. 

^mlth, O. J., Jr., Chesapeake & Potoman Tel. Oo., 
Baltimore, Md. 

Smith. J. S., CMooaber), Marconi International 

^ Marine Oomm, Oo.. Ltd., New York, N. Y. 

Stark, R. G., Brie Malleable Iron Oo.. Brie, Pa. 

Summer, M. D., (Member), Westinghouse Blec. 
& Mfg. Oo., Buffalo, N. Y. 

Swoish, W. B., Westlnfidiouse Blec. & Mfg. Oo., 
Buffalo, N. Y. 

Test, L. J.. Atlantic Refining Oo.. Philadelphia., 
Pa. 

Thwalte. W. E., Jr., New York Edison Oo.. 
NewYopk,N.Y. 

Treat, V. A., Pacific Electric Mfg. Oorp., San 
Prandseo, Oalif. 

Turner, A. L., (Member), Northwestern Bell Tel. 
Co.. Omaha, Nebr. 

Turner, J. G., United Engineers & Oonstructors. 
Inc., Philadelphia, Pa. 

Velllnes, W. B., Jr., West Virginia University, 
Morgantown, W. Va. 

Waite, G. Gm Sangamo Electric Oo. of Oan, Ltd., 
Toronto, Ont., Oan. 

Warner, J. L., Chesapeake & Potomac Telephone 
Oo., B^timore, Md. 

Whllo. B. M., New York Edison Oo., New York, 
N. Y. 

Whitaker, D. W., West Texas UtllitleB Oo., 
Abilene, Tex. 

Williams, Y. O., Jr.* W. 8. Barstow A; Oo., Inc., 
Beading, Pa. 

Total 104. 

Foveldn 

Bard, A. G. T., Chile BxpIoratiQn Oo., Oha<itil< 
eamata, Chile, So. America 

Bogrs^ A. O., No. 8 Mosang Road* Lahore 
pionjab, India 


Davidson. J. M.. J. M. Davidson & Oo,, Salisbury. 
Rhodesia, Africa 

PeUows, H. S., Melbourne Electric Supply Oo., 
Ltd..Melbourne, Australia 
Kaiil, R. K., Hydro-Blectric InstiUlation, 

BaramuUa, Kashmir, India 
Mera, J. B., Porto Rico Irrigation Service, 
Vlllalba, Porto Rico 

Perevozsky, N. P., (Member), Kharkov Works; 
Kharkov Institute of Technologle. Kharkov, 
U. S. S. R. 

Sampaio, L. P., Oompanhia Paulista de B. P., 
Jundiahy. Sao Paulo, Brazil, So. America 
Spary, P. G.. (Member), University College, 
Southampton, Eng. 

Subramanian, P., Water Works Division, 43oim- 
batore, Deccan, India 

Tandon, O. P. L., Lahore Electric Supply Oo., 
Lahore, Punjab. India • 

Upadhla, J. P., East Indian Railway, Oawnport 
Junction, U. P., India 
Total 12. 

STUDENTS ENROLLED 
Anderson, Xiaurence, University of Oalifomla 
Bailey, Oarl, Iowa State College 
Bailey, Frederick N.. University of Wisconsin 
Barnes, George W., University of Nevada 
Beizer. Harold, University of Pennsylvania 
Bexmett, George B., Jr., University of Alabama 
Bennett, William J., University of Alabama 
Berggren, Willard P., University of California 
Betts. R. Leland, University of Wisconsin 
Blggi, John P. A., Rensselaer Polytechnic Institute 
Bodner, Jack, University of Virginia 
Borden, Elmer R., Lewis Institute 
Bom, MasmardR., Stanford University 
Bomemann, Walter E., Cornell University 
Branch, J. 0., VirgiDla Polytedtmlc Institute 
Brown, Rodney J., University of Oalifomla 
Bums, John L., Northeastern University 
Oampbell, Charles J., University of Wisconsin 
Oiccolella, David P., Rensselaer Polytechnic Inst. 
Clark, Gordon L., oSifts College 
Clark, Paul. University of Alabama 
Olausen, Arnold H., University of Oalifomla 
Clement, Perdval E., University of Alabama 
Oobb, Edgar E., Oldshoma A. & M. OoUege 
Cobb. Willie 0., Oklahoma Agricultural & Me¬ 
chanical OoUege 

Codling, Eldred P., University of Cincinnati 
Crowell, Donald 0., University of California 
Daniels, George A., University of Oalifomia 
Davis, Thomas, University of Virginia 
DeLange, Owen E., University of Utah 
Dennis, Walter J., Jr., Stanford University 
Dent, Boy P., Jr., University of Kansas 
Denton, Sidney M., University of Alabama 
Doberer, Cameron, McGill University 
Dohr, Edmund N., Marquette University 
Dugar, Alvin N., Northeastern University 
Edson, Thomas P., Oalifomia Institute of Tech. 
Elder, Thomas A., Ohio University 
Ellison, James R., Oldahoma A. & M. College 
Englund, Ray V., University of Minnesota 
Esberg, Alfred M., Stanford University 
Evans, Ople D„ OkUhoma A. & M. OoUege 
FaJrweather, Robert W., University of Wisconsin 
Parris, Orrln P., Uni^^srslty of Oalifomia 
Pederid. Maurizlo E.. Harvard University 
Plechdg, Alfred J., State OoUege of Wadiington 
Pogg. William O., University of Cincinnati ^ 
Fry, Richard E., University of Oalifomla 
Gable, WUUam G.* University of Alabama 
^ Galperin, Boris M., Drexel Institute 
Gerow, Clarence H., Jr., Rensselaer Polytechnic 
Institute 

Gibson, Hal, Oklahoma A. & M. OoUege 
Gioberti, Peter A., OoUege of the City of New 
York 

Griffin, Jade P.* Oolorado l^tate Agcl. College ^ 
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IJ^DUSTEIAL NOTES 


Journal A, I. E. E. 


1 DIGEST OF CURRENT INDUSTRIAL NEWS 

r 


NEW CATALOGUES AND OTHER PUBLICATIONS 

Mailed to inierietei readers by issuing companies 
Transformers.— bulletin 1724rA, 16 pp., Modern Power 
Transformers,—Describes the manufacture, testing and auxilia¬ 
ries of Westingbouse power transformers. Westinghouse Electric 
& Manufacturing Company, East Pittsburgh, Pa. 

Oil Switches.— Bulletin AE-600. Describes a new line of 
Roller-Smith oil switches and circuit breakers and marking the 
entry of the company into this field. Roller-Smith Company, 
Smith Company, 12 Park Place, New York. 

Electrically Operated Valves.— Bulletin 100, 4 pp. De¬ 
scribes electrically operated valves of the solenoid magnet type 
to control the flow of oil, water, gas, air, etc. Electric Valve 
Mfg. Co., 68 Murray Street, New York. 

Lidhtnind Arrestere. —Bulletin GEA-93D, 8 pp^ Describes 
G-E line-type lightning arresters, pellet oxide film, for application 
to a-c. circuits of voltages up to 50,000, for outdoor servicCtPuly. 
General Electric Company, Schenectady, N. Y. 

Bus and Cable ponnectors. —Bulletin, 4 pp. Describes the 
application of Burndy connectors used for round and flat con¬ 
ductors in the Pennsylvania Railroad substation at Lamokin. 
This is part of the program for electrifying the main line of the 
Pennsylvania Railroad from New York to Wilmington. Burndy 
Engineering Co., Inc., 10 East 43rd St,, New York, 

Metal-Oad Switchgear.— Bulletin GEA-966A, 6 pp. De¬ 
scribes type MI-1 metal clad switchgear for indoor service, 400 
to 3000 amperes at 7500 volts; 400 to 1600 amperes at 15,000 
volts. General Electric Company, Schenectady, N. Y. 

Motor and Factory Maintenance Eq[uipment. —Catalog 
12, 36 pp. Describes a line of commutator stones, grinding and 
turning tools, undercutters, jpaint sprayers, insulation meters, 
circuit testers, etc. The Martindale Electric Company, 1260 
• West 4th Street, Cincinnati, 0. 

Portable Power Units.— Bulletin 14-1000, 4 pp. Describes 
^Century portable power units for farm applications, built in 
^standard 3, 6 and 7H horsepower sizes. Farm machines that 
are successfully operated by these units are listed. Century 
Electric Company, 1806 Pine Street, St. Louis, Mo. 

Radio Continuity Tester. —Leaflet, supplement to Bulletin 
300. Describes a new type of HTD radio continuity tester for 
making continuity and resistance tests on radio receiving and 
transmitting sets and on other radio devices and circuits. Roller- 
Smith Company, 12 Park Place, New York. 

Electrical Fire Prevention. Bulletin, 16 pp.. entitled “Killing 
Electnoal Fires” and describing “Alfite,” a system for extinguish¬ 
ing fires by carbon dioxide gas. The use of the new Westinghouse 
light relay, claimed to be the fastest known method for detecting 
fire and automatically actuating the “Alfite” system, is also out¬ 
lined. American LaFrance & Poamite Corporation, Utica, N. Y. 

Transformer Oil.— Bulletin 162, 8 pp. Describes Wagner 
transformer oil specifications originally prepared for their 
own organization only, but recentty r^eased for transformer 
buyers and usears. Discusses the purposes of transformer oil, 
its properties, methods of testing, precautions when handling 
and storing. Wagner Electric Corporation, 6400 Plymouth 
Street, St, Louis, Mo. 

Diverter Pole Generator.— Bulletin 94, 12 pp. Describes 
the use of the diverter pole generator for floating with bus control 
batteries. The advantages of the machine over a shunt-wound 
generator are outlined, and longer battery life is claimed for 
the diverter pole generator by reason of its maintaining auto- 
matlcally the correct charging rate. Rochester Electric Products 
Corp., 87 Allen Street, Rochester, N. Y. . 


NOTES OF THE INDUSTRY 
The Kuhlman Electric Company* Ij^ay City, Michigan, 

manufacturers of power, distribution and street lighting trans¬ 
formers, announces the appointment of S. L. Currier,'833 Union 
Trust Building, as representative in the Cincinnati territory. 

Brown Instrument Company Enlarges Plant. —Due to 
the rapid grpwth of its business, new building of reinforced ■' 
concrete, which will cost approximately 8200,000, have been 
started by the Brown Instrument Company, Philadelphia .The 
floor space of the present plant will be increased 50% when the 
new construction is completed. 

General Electric Reports Increased Business.- Orders 
received by the General Electric Company for the first quarter 
of 1929 amounted to $101,365,208, compared with $79,925,840 
for the corresponding three months of last year, an increase of 
27 per cent. 

Delta-Star Expands. —^Announcement has been made by 
H. W. Young, president of the Delta-Star Electric Company, 
Chicago, that the following additions to the manufacturing and 
distribution facilities have hoen effected. 

The Champion Switch Company has been purchased and the 
Kenova, West Virginia plant will continue manufacturing its 
present line of equipment in addition to several new designs. 

Manufacturing arrangements have h&n completed with the 
Societe D Installations et de Constructions Electriques et 
Meoaniques, Boulogne-sur-Seine, to manufacture and distribute 
Delta-Star equipment in France and ita colonies. 

An interest has also been acquired in the Monarch Electric 
Limited, St. Johns, Quebec, which will soon be operated as the 
Monarch Delta-Star Company. At the Canadian factory will 
be manufactured a complete line of Delta-Star equipnTent—in 
addition to the present switching equipment, switoliboL^ds, oil 
eirouit breakers and oil switches. New designs of large capacity 
oil breakers for voltages np to 132 kv. will be added shortly. 

DeltarStar equipment will be handled by its established sales 
organization and the Kenova Champion works will be operated 
as a separate unit withits own sales organization. The St. Johns 
factory will handle all business for Canada and the British 
possessions and the French factory will have its own sales organi¬ 
zation. Under the new arrangement domestic and foreign 
requirements can be met with an extensive line of air and oil 
break switching or substation equiplnent. 

General Gable Corporation Appointed A^ent for Copp r >• 
weld. —The General Cable Corporation announces the consum¬ 
mation of an agency agreement with Copperweld Steel Company 
whereby General Cable Corporation is appointed the sole and 
exclusive agent in the United States to draw wire from Copper- 
weld rods and to sell wire so drawn and wire products made 
therefrom. 

Copperweld Steel Company has recently enlarged its special 
equipment for the production of Copperweld billets and rods 
and General Cabfe Corporation has, in its several plants, large 
capacity for the drawing of these rods into wire and for the 
fabrication of wire products. These complementary facilities, 
together with the engineering, sales and distribution organizar 
tions of both companies, will be effective to secure increased 
production and distribution of Copperweld wire and wire 
products, together with improved service to all users of Copper¬ 
weld material. ^ 

* Hereafter all copper covered steel wire and wire products 
handled by General Cable Corporation will be produced ex- 
(olusively from Copperweld material. Full and complete sales 
and engineering service on Copperweld wire and wire products 
is now available through each of the Divisions of General Cable 
Corporation. 
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Come to Swampscott! 

^ i ^HE Summer Convention of the Institute offers an oppor- 
J_ tunity for delightful fellowship with brother members, for 
hearing excellent technical papers, reports and discussions, and 
taking part, and for enjoying pleasuraBle recreation. But more— 
it also offers opportunity for advancing our profession still 
further. 

The strength of the electrical engineering profession in America 
is reflected by the strength of our Institute. The more successful 
the Institute is in its service to the members, the higher will be 
the general standing reached by the profession. 

The first day of the Convention is in many ways the most 
important day because then is held the conference of officers, 
• Section delegates, and Branch Counselors. The subjects dis¬ 
cussed at these conferences relate to means for making the Sec- 
. tions stronger, for increasing interest and service, and for coopera¬ 
tion between Sections and Branches; to questions pertaining to 
membership, to publications and other Important matters. 

* This conference is not limited to the officers and the Relegates,, 
All members are invited, not only to attend, but to take part in 
the discussions. 

While a program of subjects has been outlined by the com¬ 
mittee, additional items of importance in the conduct of Institute 
affairs may b& presented by anyone, as far as time permits. How¬ 
ever, the outlined program covers a wide range of activities and 
interest. 

Many of the Institute policies which are in effect today are the 
direct result of these Monday conferences, and judging from the 
Vide interest evidenced on every side, this coming one will be no 
exception. 

It is, therefore, hoped that all members who have given thought 
to the problems of the Institute, such as relate to Conventions, to 
Regional Meetings, to Sections or to Branches will attend the 
Monday meeting. The deliberations of that day will help to de¬ 
velop more traditions to enrich the Institute and will be a material 
factor in making our society advance to still greater heights of 
service. * 

* President. 
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Some Leaders 

of the A. I. E* E. ^ 

Severn D. Sprong, Manager of the Institute 1909- 
1912 and one of its Vice-Presidents 1912-14, is a native 
of Renssalaer County, New York. After completing 
the work of the cbrtftnon schools, he continued his 
studies for-sever^ years under special tutors. In 1893 
he finished the General Electric Test and from then 
until 1898 served in various subordinate capacities in 
utility and special work. He then became Superin¬ 
tendent of the Electric Department of the Consolidated 
Gas Company of New Jersey at Long Branch, holding 
this position until 1900, when he was made Chief Engi¬ 
neer of the Central Electric Company, covering erection 
of central higll-tention generating, stations, transmis¬ 
sion lines and four substations,—^at Rahway, Perth 
Amboy, New Brunswick and Bound Brook,—^replacing 
gteam generating stations. Two years later he was 
chosen Assistant Chief Electrical Engineer of theJSiew 
York Edison Company, remaining there until 1906, inre- 
sponsible capacity engaged on the design of Waterside 
Station No. 2, numerous substations and transmission 
and distribution systems; also in the Williamsburg 
Gen^ting Station and several substations of the 
B. R. T. System, Brooklyn. From 1906 to 1909 he was 
associated with the detign and construction of substa¬ 
tions, transmission and distribution, and in charge of 
operai^ns as Astistant Electrical Engineer for the 
United Electric liglit & Power Company. Then for 
three years he was Chief Electrical and Mechanical 
Engineer for J. G. White & Company in charge of 
responsible direction of design and construction of 
' numerous steam, hydro and transmisaon and distribu¬ 
tion systems in the United States and Canada, also 
acting as advisor on various other projects along these 
' lines. From the completion of this service until 1922 
he was Chief Electrical Engineer for the Brooklyn Edi¬ 
son Company, in responsible charge of electrical engi¬ 
neering stations, substations, transmisaon and dis¬ 
tribution, and all electrical construction of stations, 
substations, and street transmisaon and distribution; 
he was also in charge of the Meter Department and the 
purchase of all electrical machinery and equipment. 
From 1922 until 1926 he was Vice-Prudent and General 
Manager of the Orange County Public Service Corpora- 
■ tion, the Orange County Hyi'o Electric Corporation, 
Pike County Light & Power Company, and the Cape 
May Illuminating Company, in executive control of 
these properties indutog their development and 
operation, as well as the construction of hydroelectric 
plants. He was also President of the Port Jervis 
Traction Company during this period. This entire 
group of properties included also three gas plants and 
the ^strjbution systems.'' 

In 1922 Mr. Sprong established his own consulting 
engineering practise, acting at the same time as con¬ 
sulting engineer for the General Electric Company.^ 

He became an Associate of the Institute in 1908 and 


was made a Fellow in 1912. From time to time he has 
been active on various Institute Committees and is at 
present on the Board of Examiners. 

He hqlds membership in The American Society of 
Mechanical Engineers, is a member of the Society of 
Colonial Wars, and of the Sons of t^ Revolution. His 
clubs are the Crescent, Montauk, the Engineers and 
the Lawyers. ® 

-r,- 

Technical Changes 
in Industry 

The great advance made in recent years by central 
stations generating dectric power in the more economi¬ 
cal consumption of fuel per kilowatt-hour generated is 
emphasized in the survey of the National Bureau of 
Economic Research conducted for. the Committee on 
Recent Econonoic Changes bf the President’s Unemploy¬ 
ment Conference. 

Data on central station effidencies were gathered by 
L. P. Alford, who pointy out that central stations had 
succeeded in 1927 in reducing the consumption of fuel 
to 57 per cent of what it was in 1919 per unit of decirical 
energy generated. During that same period, theoutput 
of energy had more than doubled. 

The advances in the dedgn, construction, and opera¬ 
tion of large steam central stations in the last decade 
have been prindpally along three lines; (1) larger 
generating units ddng steam turbines 3xdusively as 
prime movers, and larger boilers; (2) hi^gr» steam 
pressures and superheat temperatures; and (§) jgreater 
use of v^e-heat recovery apparatus. To tiiese may 
be added improvements in all auxiliary machinery to 
the advantage of tiie over-all efiddency of operation. 
A rough idea of the advance in efiidenqy may be had 
from the fact that for a station generating from 20,000 
to 100,000 kilowatts, the present rate of coal consump¬ 
tion is about two pounds p^ kilowatt-hour as against 
8.6 pounds per kflowatt-houj* ten years ago. Heat 
economies have also been introduced all the way from 
tiie furnaces to the last expansion stage of the timbine. 

Higher effidendes than now obtained by the best, 
about 13,000 B. t. u. per kilowatt-hour or better than 
26 per cent, are expected and can be produced; but not 
a great deal higher for the best all-round results. 

Central station pressures are to be found in three 
ranges for modem installations; (1) a range arotmd 
400 poimds peii' square inch; (2) a range from 660 to 
760 pounds; (3) a range from 1000 to 1400 poimds. 
The greatest activity at present is in tiie first and third 
ranges, the intermediate one bdng proportionately 
neglected. The choice between these two, the basis of 
selection, is ^mtiy a matter of load, but more a matter 
*> of coal price.'' For a dieap coal with a small average 
load, the 400 pound range is preferred; with a higher 
ft priced coal and a high average load the 1000 pound 
range is preferred; and usually we )0nd both in the same 
statiop. 



















•A.n Electrified RailWy Substation 

Of the Pennsylvania Railroad 

BY J. V. B. DUERi ■ 

Associate, A. I. E. B. 


Synopsis*—This paper contains a description of one of the out¬ 
door suhsiaiions of this Philadelphia-‘Wilfnington electrification of 
the Pennsylvania Railroad^ recently placed in service. It describes 
the initial installation of apparatus providM in the substation for 
the present suburban elecir^cationi as well as the steps taken to 
accommodate the additional apparatus necessary for the through 
electrification when Uptakes place, • 

The location and control of the substation is described as well as 


the types of protective apparatus utilized cind the method of operation. 
Attention is called to certain operating nec^sities which control 
the design and location of a substation of this character: The means 
provided for handling the heavy apparatus into and out of a su6- 
staiion of this character and the facilities for handling^ cleaning and 
restoring oil to the different pieces of apparatus are described in 
some detail. 




A S a preluninary to this description, it is necessary 
to state that the Philadelphia-Wilmington electri¬ 
fication at its present stage of construction is 
designed for the multiple-unit suburban service only, 
but that everything has been so constructed that 
expansion to care for the handling of through electric 
locomotive hauled service, both passenger and freight, 
may be accomplished by addiilg to the existing facilities, 
without necessitating the replacement of existing elec- 
tricalfacilities. For complete electrification of main line 
territory, foursingl^phase 132-kv. transmission circuits 



Fig. 1—^Trollbt Substation—^Wiring Diagram 


on two tower lines are proposed; with four step-down 
transformer units at each typical trolley supply sub¬ 
station. The initialinstallation,formultiple-unitservice 
only,hasrequiredbuttworingle-phase 132-kv. transmis¬ 
sion circuits, each on its o\^ supporting structures; and at 
each typical trolley supply substatioi^ but two step- 
down ^nsformer units. 

It is tiien evident that the existing typical trolley 
supply substation is a structoe which at present ac- 

1. Electrical Engineer, Pennsylvania Bailroad Co., Phila¬ 
delphia, Pa. • 

Preaented at the Summer Coiwention of the A. I. E. E., Swamp- 
aeott, Maaa., June $4-^8,19IB9. Printed compute herein. 


commodates two single-phase transmission circuits, 
allowing for the sectionalization of each of these circuits 
by air-break motor-operated disconnecting switches. 
The structure further accommodates a tap from, each 
of these transmission circuits, each of these two taps 
passing through another air-break motor-operated dis¬ 
connecting switch to the high-voltage side of a 132/12-kv. 
step-down transformer, the tap being provided with 
choke coils and lightning arresters. The low-voltage side 
of each transformer unit is carried through a suitable 
two-pole oil switch and the requisite isolating switches 
to one section of a 12-kv. trolley bus. Ultimately, 
there will be four transmission circuits, four taps, (one 
from each circuit), and four transformers; buttherewill 



Fia, 2 —Typioaii TeohiBT Supply Substation, Qdnhral Vibw 

• 

be only two trolley bus sections, as at present, each with 
two transformers connected to it instead of one. 

Each bus section consists of a trolley and a rail bus. 
The two trolley bias sections are connected through a 
suitable single-pole breaker and the requisite isolating 
switches. The two rail bus sections are arranged so 
that they may be connected together through discon¬ 
necting switches, and furthef, so that either section or 
both may be connected to actual ground if desired. 
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Prom the trolley bus section, taps are taken, each of 
which pass through a single-pole high-speed trolley 
circuit breaker and the requifite isolating switches to a 
trolley. The trolleys passing by the substation are 
sectionalized so that those on one side are electrically 
separated from those on the other side of the substation. 
The trolley bus t^sfrdm one section of the trolley bus 
feed the trolleys on one side of the substation, and those 
from the other section of the trolley bus feed the trolleys 




Pia. 4 —Typicai, Substation Control Board in Control 
House 

stations for the purpose of crossing traffic from one track 
frequent intervals. These intervals are 
such that It is usually possible to locate the substations 
at ce^m.of the interlocKng cross-over stations. At 
we of these cross-over stations, the cross-overs between 

signal bridges, usually some 
1200 to 2000 ft. apart. There is a signal and swi^ph 


tower, more generally called an interlocking or block 
station, with an operator to control the cross-over 
movements. This tower' is‘ connected with the dis¬ 
patcher’s telephone circuit and with the emergency 
telegraph circuit. There are usually certain signal 
maintenance men working in the vicinity of the block 
station. If the telephone circuit of the load dispatcher 
or power director be run into the block statiop, and if 
the block station be^ equipped with a control board and 
the necessary signal lamps, the Operator can well per¬ 
form such si^station switching operations as the power 
director may request, keeping the proper record of such 
operations. Further the operator can call by whistle 
or horn such signal maintenance man as may be within 
hearing and request him, to perform such emergency 
operations within the substation as may become neces-. 
sary prior to the arrival of a regular substation mainte¬ 
nance man. It is also evident that the trolleys covering 
the cross-over movements should be independently fed 




Pia. .3 —Typical Trolley Supply Substation—Trolley Bus 
AND Oil Circuit Breakers 

on the other side of the substation. Each trolley bus 
tap is supplied with a choke coil and a l ig h tning arrester 
and feeds into a different trolley from that fed by any 
other tap. 

The railroad is equipped with interlocking cross-over 




Pig. 5—Typical Trolley Supply Substation—4500-Kv-a. 

Tbanspormbk 

from those extending beyond, so that a dead trolley 
beyond will not hazard the making of a cross-pver move¬ 
ment to another track to avoid the dead trolley. If the 
substation be located near the cross-over statipn, the 
cross-over trolleys may be readily fed iifdependently, 
directly from the substation trolley bus sections. 
Cross-over stations not at substations require a special 
bus and switch arrangement tq secure this independent 
CToss-over trolley feed future. We may state, there¬ 
fore, that in so^far as is possible, the typical trolley 
supply substation is located near a crosl-over station 
Md the substation switching operations are controlled 
rom the block station by the block station operator 
undOT direction from the power director. 

Within the fenced in enclosure of the substation is 
located a smalj control house. In this house there is 
lecat^ a control and relay board, a control battery and 
Margmg facilities, such signal supply motor-generator 
and switching as may be required, the substation 
oil treatmg plant with its purifiers,cfilters and valves. 


0^ 
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and a telephone connected with the power director's 
circuit. 

When the regular substation maintenance men are at 
work within the substation enclosure, by throwing 
a switch, they may take over the control of tiie sub¬ 
station switches from the block station operator’s 
board to the control board in the control house. This 
operation^ is made upon direction from the power 
director and the block-station opera{br is inform^ and 
also receives a signal &a. his board when the control 
f)asses from his board to the control house bgard, or the 
reverse. • * 

The entire relay layout for the station js on the control 
house board. All control operations and signals are 
at a control vdltageof 125 volts, direct current supplied 
from the control battery. The control circuits are 
segregated for protection and for the easy location of 
grounds. Ground detectingjapparatus is supplied. 

In each substation are two service transformers, one 
on each section of the trolleybus, which give 230/115- 
volt, 26-cycle circuits from which the control battery is 
charged, the oil pumps operated, and tiie normal 
lighting obtained. A separate transformer supplies the 
signal motor-generator set or sets when such are in¬ 
stalled at the snbstastion. 

.Certain emergency lighting is supplied from the 
control battery. 

Into each substation enclosure isrunarailroadsiding, 
and the apparatus is so located as to be readily loaded 
or unloaded to or from'cars on this siding by a locomo¬ 
tive defrick or otherwise, as may be necessary. 

The relay protection iS such as to give the following 
protective functions: 

Trolley high-speed breakers; high-speed impulse for 
short circuit; normal controlled speed relays for over¬ 
load. . 

Each trolley bus section is differentiallyprotectedasto 
all breakers connected thereto for protection against 
bus faults. 

Transformer Breakers; reverse power protection for 
transmission line-to-line faults; diffCT«itial protection 
for transformer faults. Voltage relays for transmission 
line to ground*faults supplied from a 66-kv. potential 
transformer connected from the midpoint of the high- 
tension winding of the main transformer to ground, 
the step-up transformers at the station supplying 
energy to the high-tension transmission having their 
midpoint grounded through resMance./# 

Buried oil tanks are provided in each substation for 
both transformer and switch oil. The piping system 
is such that breaker oil may be drawn from a dirty oil 
tank and purified and run intira clean oil tank and nin 
into a breaker. The transformer oil may be run from 
the transformer through the purifier and back to the 
transformer, or from the transformer into the tank and“ 
thence through the purifier and back to the transformer. 

The oil purifier is a combined centrifuge and filter^ 
with provision for by-passing either or both, the latter 


for use when oil is drawn from the clean oil tank and 
passed to a breaker. 

The step-«down transformers necessary in our eastern 
territory for the eventual complete electrification are of 
4500-kv-a. normal continuous rating, immediately 
followed by 150 per cent load for two'hours, immediately 
followed by 300 per cent load for five piinutes. Thus, 
these transformers are much larger than normal com¬ 
mercially rated units of the same nominal continuous 
rating. They are self-cooled and self-protecting and 
every attempt has been made to insure serviceability. 
The number of these units installed initially and ulti¬ 
mately in a typical Philadelphia-Wilmington substa¬ 
tion has been previously mentioned as two and four 
respectively. 

The above describes the requirements of the sub¬ 
station layout. The actual physical structure which 
fulfills these requirements need not always be the same. 
It depends, naturally, upon the land available and 
upon'bther considerations which influence its design.. 

Typical views of a step-down transformer station are 
shown. 


ENGINEERING SOCIETIES EMPLOY¬ 
MENT SERVICE 

EXCERPTS PROM LETTERS OF APPRECIATION 

May 28,1928. 

I appreciate the very efficient way in which employ¬ 
ment problems are handled by you and beg to thank 
you for many kindnesses and^courtesies in coimection 
with the vacancies in this office. 

May 28,1928. 

I want to ejqpress my appredation of the effort that , 
you made to locate the right man for this position and . 
the discrimination that you showed in the applications 
that you sent me. I shall certainly bother you again 
when I have an opening as I believe you are doing a good, 
service for our membership. 

May 26,1928. 

We would not fail to comment on the high qualifi¬ 
cations of all your applicants, and wish to thank j^ou 
for the kind interest you have shown in this matter. 

April 14,1928. 

We certainly appreciate your help and the high 
grad.e men you have referred to us. You may be 
interested to know that the only two men hired were 
applicants through your service, although we did 
receive some very <good applications from our ad in 
a daily nevrepaper. 

April 12,1928. 

We have employed Mr. _to fill the position 

of Ghidf Engineer at._ • 

We appreciate keenly the assistance rendered by your 
organization and trust that we may find the means to 
redprocate the courtesies you have extended. 


« • 


« 















Electrification of Oil Pipe Lines 

in the Southwest 

* BY D. H. LEVYi 

Associate, A. I. S. E.^ 

• 

SynopsU.—This paper^riefiy reviem the history of eleetrieity as practise is shown. The last five years have seen rapid advances 
motive power for M pipe line operation and notes some of the in the methods of underground transportoMon of petroleum and the 
reasons fpr, and the results of, its rapid development in the Southr paper reviews some of fhe present tendencies in design of the modem 
west. Some attention is paid to the method of serving these loads oil pipe line station, 
from transmission lines and the tendency of modem pipe line » * • * 


Introduction 

D uring the last two decades, most of the crude oil 
produce^in the United States has been moved to 
the refineries, ports, and markets through under- 
groirnd steel pipe lines. The oil was forced through 
these lines by means of reciprocating pumpg driven by 
steam engines or oil engines. 

About three years ago, a number of factors deveSoped 
which allowed, and in fact required, the extensive em¬ 
ployment of electric power for pipe line pumping and 
this system has now proved highly successful. 

The chief factor in this adoption of electric drive was 
the recent discovery of vast quantities of oil in new 
fields in Teicasand Oklahoma. This required immediate 
and quick construction and operation of more 
larger pipe lines. 

Eleotfrical pumping was the solution for several 
reasons. The proposed pipe lines were to pass 
through rough and dry territory having few high¬ 
ways and fewer railroad iacOities. This condition was 
favorable to the electrical equipment as it is lighter and 
more easily transported than Diesel or steam equip- 
ment. Furthermore, the available water was generally 
^ unsuitable for Diesel engine cooling. Steam for heating 
the oil was not necessary in the moderate climate in 
this region. Moreover, electrical equipment had given 
very satisfactory s^viee in other applications in produc¬ 
ing oil. 

Considering all these conditions, one pipe line com¬ 
pany electrified 150 mi. of 10-in. line and the results 
were veiy satisfactory. Later, when the 
Penman Basin fields in southwest Texas were dis¬ 
covered, electrical pumping was installed by several 
companies operating in that area. 

One of the companies electrified 400 mi. of 10-in. 
line, extffliding from McCamey, Texas to Healdton, 
Oklahoma. This line is served by the transmission 
^tems of three power companies and at this writing 
hM been m successful operation for %ix months, meeting 
all expectations as to continuity of service and economy 
of operatio n. A second company built and electrified 

I. Electrical Engineer. Magnolia Petroleum Co., Dallas, Texas. 

of South West Distria 


125 mi. of Ime from McCamey to Del Rio, Texas with 
the same satisfactory results. A third company ex¬ 
tended their lines from Crane through DeLeon, Texas 
to the Gulf, a distance of 650 mi. This line has 10 
stations, 14 of which are completely electric-driven, and 
the remainder partially so.^ A fourth company has now 
imder construction 450 mi. of 10-in. line with 11-motor- 
driven centrifugal pump stations and this line has been 
in operation since January 1,1929. 

The first pipe line company mentioned is now en¬ 
gaged in building a line from McCamey in West Texas 
to tide-water at Houston, a distance of approximately 
425 mi. According to present ififormation, this line 
is to be motor-driven. 

In most of the cases a specially developed centrifugal 
pump is used. The centrifugal'’pump has the advan¬ 
tages of non-pulsating delivery, ability to handle oils 
of various viscosines, ideal characteristics for booster 
service, and low first cost. „ ® 

Severd years ago, before thil type hadbeen-daveloped 
for oil-line pumping, the only available centrifugal 
pumps for the deliveries and heads required were 
boiler-feed pumps. These were tried and it became 
immediately evident that they were unsatisfactory. 
Pump efficiencies were 55-60 per cent and this alone 
precluded their use in oil line pumping. The centrif¬ 
ugal pump manufacturers attacked the problem from 
all angles and the so-called t'high efficiency.” type* of 
multi-stage centitfugal pump canae into being. New 
theories of centrifugal pump design were developed; 
casings and impellers were redesigned; Internal losses 
were at^yzed and reduced as far as possible and the 
mechanical details received much attention. Stuffing 
boxes and bearings were redesigned, and from it all, 
c^e the present oil line centrifugal pumps with higher 
efficimdes th^ had even been hoped for just a few 
years previously. *' 

^ to the electrical features of the tsrpical motor- 
dnven pipe line station, there is no departure from 
modem substation practises. A wiring diagram of a 
weal Ration is shown in the accompanying illustration 
I Uy®nter attention perhaps has been paid 

toward Je construction of flame-proof installations, 
borne of the companies favor separating the motor from 
the pump by means of metal fire walls; others install 
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them all in one room. It seems that personal opinion 
of the engineers of each company determines the policy 
to be pursued. 

Squirrd-cage induction motors are used in all cases. 
Motors have been of all standard voltages 'but the 
present trend is toward the use of 2200 volts on all 



Fig. 1.—Typical Oil Pipe Line Pump Station 
Oil line wMng diasram 

motors .above 50 hp. Oil circuit breakers are usually 
installed on incoming lines and these are provided with 
the usual overload, undervoltage, and over-pressure 
protection. * 

. As to the actual cost of moving oil through pipe lines 
by means of electric power, it is impossible to give any 
accurate figures unless all the conditions of service 
are known. The various factors, such as efficiency of 
motors, efficiency of pumps, friction of station piping, 
rate schedules, discharge pressures, etc., all enter into 
the final analysis. 

Below will be found a tabulation of electric pipe line 
station performance, based on crude oil of 80 Sec. 
Saybolt Universal viscosity at 60 deg. fahr. and at a 
discharge pressure of 700 lb. per sq. in. 


PIPB LINE “A” 
BeclprocatLag Pumps 


Station 

Months 

^Barrels 

pumped 

Total 

kw-hr. 

Barrels 
per kw-hr. 

1 

9 

7,626.286 

1,969,700 

3.88 

2 • 


7,658.579 

1,959,500 

3.91 

3 

9 

7,633,049 

1,829,900 

4.17 

4 

9 

7,653,164 

1,819,600 

4.22 


PIPE LINE 
Beclprocating Pumps 


Station 

Months 

Barrels 

pumped 

Total 

kw-hr. 

Barrels 
per kw-hr. 

6 . 

^ 6 

4,766,768 

1 ,202^0 

3.96 

6 • 

10 

6.538,992 

1,684.000 

3.98 

7 

6 

4,480,040 

1,122,600 

4.05 

8 

10 

6,519,469 

1,616,100 

4.03 


PIPE LINE “O’* 
Oeutrifugal Pumps 


Station 

Months 

Barrels 

pumped 

Total 

kw-hrf 

Barrds 
per kw-hr. ^ 

1 

12 

6.761,903 

2,618,800 

2’58 

2 

9 

7,138,178 

1,652,700 

4.32 . 

3 

12 

8,132,583 

2.444,600 

3.31 ^ 


To meet the demands on their various generating 
stations and transmission systems, power companies 
serving the Southwest ha^re had to make extensive 
additions, improvements, and extensions. Intercon¬ 
nections have been worked out and the service rendered 
has been, as a whole, very satisfactory to the pipe line 
companies. ' * ^ 

In lasdng out transmission lines to servd pipe line 
loads, the importance of the absolute nece^ity to 
maintain continuous service must be considered. Pipe 
line systems having small ballast or surge tanks at each 
station do not provide storage capacity sufficient for 
an appreciable shut-down and a continuous supply of 
energy must be maintained at all times. To supply this 
demand, if at all possible, pipe line services should be 
supplied from a system having a two-way feed, with 
necessary switching apparatus to quickly sectionalize 
all transmi^on line faults. 

As a source of constant revenue, pipe line loads are 
very "desirable to the power companies. Revenues are 
the maximum on accotmt of the high load factor. The 
average monthly load factor of one of the southwestern 
pipe lines for the last twelve months has been 86.6 
per cent and from present indications it will continue as 
high for the next four years. These loads are desir¬ 
able also on account of the ease of service. No ex¬ 
tensive distribution facilities are necessary to secure 
the revenue. In many cases in Texas and Oklahoma, 
station locations are withiu sight of the transmission 
lines. As to the power factor of these loads, if the 
station is correctly designed, the motors driving the 
pump should be fully loaded and the power factor 
should be between 76 per cent and 87 per cent. Certain 
high-speed centrifugal pump motors, tested imder field * 
conditions, showed a power factor of 87 per cent. If 
the rate schedules contain, a power factor clause with a * 
penalty and premium rider, the use of condenser equip-* 
ment by the pipe line company would be justified in 
most cases. 

Conclusion 

It is felt that the electrification of oil pipe lines is 
completely justified by the success of present installa¬ 
tions. The time of installation is only half that re¬ 
quired for Diesel* .engine equipment. The operators 
arb easily trained to handle ^e electrical installations. 
Their operation on units of a transmission system 
having several sources of power is just as satisfactory 
as the present oil engine-driven stations. In general, 
shut-downs due to transmission line faults are less, 
frequent than shut-downs due to failure of mechanical 
equipment. Cost of operation compares favorably 
with oil-engine driven stations. The near future will 
see many advances in pump construction and in electric 
pump station design and a consequent increase in 
over-all efficiencies. 
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Standard Vbltage A-G. Network ' 


BY JOHN ORAM' 


Non-jnember 


Synopsis.—The object of this paper is to present a description 
of the Dallas, ( Texas,) ufiderground network system. This system is of 
interest since it is directly Opposed to the general trend of furnishing 
non-standarel voltagh in underground systems. The reasons for Us 
seleciiotKand its advantages over the three-phase four^wire system are 
presented. A brief description of the installation of equipment in 
vaults and manholes is given. Another feature of this system is the 
use of standard reactance transformers together with an external 
reactor, shunted by a fuse, for purposes of overload protection to the 
transformers. In addition to the regular network this system has a 
single-mre manhole and vault lighting network which is also used as 
as a control wire for turning on and off multiple street lamps. 


Another feature of this system is a complete uridergronml telephone 
system with a telephone outlet in each manhole and transformer vault. 
This telephone system is also connected tc float switches in trans¬ 
former vaults which automatically notify the trouble office in the 
event of high water in chtransformer vault. The routine tests made in 
connection^ with the operation of the network system are described and 
the method of locating primary faults\s given in detail. Complete 
records are Ij^ept of the installation of conduit and cable. Pkoto-^ 
graphic records of construction, operation, ^and cable failures, etc., 
are also kept. The record of this network system both as to efficiency 
and as to continuity of service is excellent. 


T he principal characteristic of the Dallas, (Texas,) normal maximum loading of 80 per cent on each trans- 
underground secondary network systejn is that it fonner bank and an emergency loading of 100 per cent. 
' provides standard 115-volt service for lighting This arrangement will permit the removal from service 


^ O-^ 

consumers and 230-volt three-phase servicer for ^owct 
consumers. This is done by adding an 18-volt secon¬ 
dary coil to the standard 115-volt transformer coil and 
bringing out three leads on each transformer. With 
three transformers connected in “Y”, the arrangement 
gives 115 volts for lighting and 230 volts for poww 
service with a common symmetrically groimded neutral. 

On account of the high primary voltage used and the 
relatively short distance of approximately one mile from 
gener^ng station to load center no feeder regulators 
are required. The range of voltage regulation is about 
five per cent from no load to full load and the control of 
the generating station busbars by Tirrill regulators is 
. adequate for this purpose. Since the major portion 
of the load follows quite closely tixat of the under- 
^ ground S3^tem and all other lighting service is controlled 
. byindividualfwdervoltageregulators in substations, no 
interference with the remainder of the system is caused. 

The Dallas network system covers an area of approxi¬ 
mately 0.75 sq. mi. and consists of five 13-kv. 
underground feeder serving eighty-two 300-kv-a. 
transformer banks which supply two sets of secondary 
network cables, one being the lifting network and the 
other the power network. Automatic network units 
are used between ta-ansformeis and the secondary net¬ 
work system. The principal load in the imderground 
district consists of office buildings, theaters, department 
stores, and hotels. The average load density is 20,000 
kv-a. per sq. mi. The greaest concentrated load 


of any one of the five feeders without overloading the 
remainder of the system. The normal voltage in the 
secondary mains is 116 volts for lighting and 230 volts 
for power. The emergency voltage will average 110 
and 220 volts for lighting and poww, respectively. 
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Fi^. 1 —Scheme of Design of Dallas Undebgbound Netwobk 

The system is composed of three-conductor, 400,000- 
cir.mil 13-kv. primary feeders, 250,000-cir. mil 13-kv. 
primary mainsj>100-kv-a. 8000-115/133-yolt transform- 


--- luau owu-ixo/i3a-yoit transiorm- 

ho^evtrS? consumes an average of lO.OOO-kv-a. ers, automatic network units, 250,000-cir. mi Isecondary 


, -^ vx jLv,vv/v-Ji.v-a„ 

hours every 24 hr. 

The net work system ajt present is designed for a 
Tssas^*^ Engineer, Dallas Power & light Company, DaJlas, 

Meeting of the South West District of 


power cables, 250,000-cir. mil. secondary lighting cables 
and a 600,000-cir. mil bare neutral. 

The decision to use two sets of mains was made after 
a careful consideration of investment costs, operating 
^costs and quality of service to be rendered. It was 
pnmanly because of the superior quality of service 
^provided that the seven-wire systm was adopted 
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Previous to the installation of the underground network 
system the customers of .the Dallas Power and Light 
Company had been furnished with standard 110-volt 
lighting and 220-volt power service. With the thought 
of good service and public relations in mmd, some 
secondary network system was sought which would 



Fia. 2 —Chart Showing Distribution of Costs of Dallas 
Undbrpround Network System 

continue to furnish normally standard voltages on 
both light and power mains. Investigation showed 
that the additional costs of the secondary portion of 
the system were offset by the better service provided 
and «the saving in customers’ equipment. Fig. 2 
shows the comparative investment costs between the 
several "major portions of the underground network 
system. 

In addition to furnishing standard voltage to both 
lighting and powa" services the seven-wire system has 
the advantage that, since two s4>arate sets of mains 
are used, fluctuations due to the power loads do not 



Fia. 3r-TwENTY-FouR Hour Voltage Charts on Power and 
Lighting Mains Taken at Same Location 


cause flSickering of the lights. The absence of flicker 
on the lighting system may be observed from the volt¬ 
meter charts shown in f^g. 3, taken simultaneously 
on lighting and power services in the same distribution 
box. There is no limit to the size of motor that may tie 
operated from ttie network system, and motors up to 


and including 30 hp. may be started directly across 
the line without the use of starting compensators. 
In this way the economy^esulting from the simplicity, 
high performance, and balanced design of the common 
squirrel-cage motor is retained, fogether with greater 
flexibility in application where aemote control is desired. 

Another feature of this system'is that standard 
reactance transformers are used with an external re¬ 
actance installed in the neutral leg of each transformer, 
so arranged that the reactor is normally shunted by 
means of a fuse, thereby providing good regulation and 
lower secondary losses during normal operating con¬ 
ditions. When, however, an overload occurs on a 
transformer bank, due to feeder outage or other ab¬ 
normal conditions^ the fuses blow and thereby insert 
the external reactance in the circuit and relieve the 
transformer of part of its load. 



Fig. 4—Fused Reactor for Transformer Protection 

The transformers are installed in vaults either built 
by the Dallas Power and Light Company, or if in 
building basements they are in accordance with-Dallas 
Power and Light Company specifications. In either 
case the only opening to the vault is through a manhole 
fiover, 20 in. in diameter, built into a removable concrete 
panel 4 ft. wide, by 6 ft. long, placed in the sidewalk 
next to the curb. The castings in the panels allow 
men and small equipment to enter the vault with ease. 
If necessary to replace transformers or network switches 
Idle panel is removed. Each vault is ventilated by two 
28-in. square ducts with openings in opposite ends of 
the vault, one near the ceiling, the other near the floor. 
Both ducts terminate on the sidewalk next to the curb 
and are covered with gratings. 

The equipment in a transformer vault consists of 
tiwee transformers, two network switches, primary 







438 ' 


ORAM: STANDARD VOLTAGE A-C. NETWORK 

# 


JTournal A. I. E. 


cables, secondary cables, three reactors, a eondulet 
each for telephone and lighting service, and miscel¬ 
laneous equipment such as %i ladder, manhble guard, 
and covering for cable trenches. The primary cables 
enter the vault in one of the lower ducts and are racked 
on wall insulators ^,the transformers. The trans¬ 
formers are placed on T-rails imbedded in the concrete 
floor. The secondary leads are trained vertically 
from the transformer terminals to the secondary cable 
trench in the floor. The secondary power and lighting 
cables extend in separate trenches to the wall on which 
the network switches are installed. The 1,000,000- 
• * cir. mil secondary cables are extended from the upper 



Fig. 6—Ttpicai. Double Tbanspobmbr Vault 


terminals on the network switch to the secondary 
network in the street. The secondary cables are 
racked separately from the primary cables. 

There ^e at present 84 submersible and 80 non- 
submersible network switches in operation on the Dallas 
system. Of the submersible units 72 are solenoid 
operated and 12 motor opiated; all use single-phase 
relays in air bells which are mounted on the wall of 
the vault. This arrangement facilitates maintenance 
and provides better ventilation of the relays. No 
phasing relays are used on the foregoing units. Of 
the non-submersible units 78 are solenoid operated 
equipped with single-phase relays and phasing relays, 
and two are motor operated equipped with three-phase 
relays and phasing relays. Pew difficulties in the 
operation of the network switches have been en- 
encountered from unbalanced loads and elevator re¬ 
generation. These have been overcome by using three- 
phase relays or otherwise. 

Althou^ secondary ifetwork system in general 
consists of 250,000-cir. mil lead covered cables on cross 
streets or between important loads, additional 600,000- 
■ cir. mil cables are sometimes installed. The secondary 


neutral is grounded in each transformer vault and 
serves as a primary neutral. 

The secondary services are extended to the customers 
building line in 4-in, fiber conduits, one each for power 
and ligh1;ing services where both are required. The 
conduits are terminated in a distribution box placed in 
the outside building wall, or iron donduit of reduced 
size is carried up the building wall about 12-- ft. and 
terminated with a eondulet. A panel is installed in the 
distribution box and both power and lighting services 
are connectSd to this panel. If it is not possible to 
install the disfribution box, the customers’ outlets are 
grouped on the outside wall at the first floor ceiling line. 
The cables used for services are single-conductor, 600- 
volt, paper insulated, ahd vary in size from No. 6 
A. W. G. to 500,000 cir. mil. 

In addition to the secondary and primary mains in the 
duct lines there are telepfione and manhole lighting 
cables with outlets in each manhole and vault. The 
manhole lighting cables are No, 6 A. W. G. and form 
a secondary network with 115 volts to ground which is 
used by the workmen for lights, blowers, soldering pots, 
and other general conveniences. This network is 
connected to the main secondary lighting network 
through a fuse and switch, and is so arranged that in 
addition to serving as a manhole lighting system it will 
also serve as a pilot wire for ccntrolling a proposed 
multiple street lighting system in the underground area. 

The telephone system is in the same ctfnduit as the 
manhole lighting cable. It consists of two ^26-pair 
cables which extend from the switchboard in the 
Trouble Division’s office to central locations, and 
branch out into two-conductor No, 14 lead covered 
cables. These two-conductor cables are installed on 
the main streets so that each manhole and vault has a 
telephone outlet. 

The telephone system is also used as a signal system 
to give warning of water in transformer vaults. This is 
accomplished by connecting a cpil of No. 4 bare coppdr 
wire in a porcelain housing to the ungrounded side of 
the telephone circuit. The device is installed in trans¬ 
former vaults about six inches above the floor," When 
water reaches a level of six inches or more the telephone 
cable is short-orcuited and a light signals the operator 
in the Trouble Office. 

In the operation and maintenance of the network 
system certain i^utine tests and inspections are made. 
The vaults are inspected regularly and ail dirt, paper, 
and other accumulations removed from the ventilator 
pits and floor. Oil samples from all transformers are 
taken once each month and tested for dielectric 
strength. The oil level in the transformers is observed 
and if necessajy oil is added. The oil in each trans- 
fbrmer is filtered at lesist once a year regardless of its 
ffielectric strength. Each network switch is inspected 
weekly and the number of operations recorded. An 
inspection of network switches is made each month. 


r- 
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They are cleaned and adjusted, and repairs are made 
if necessary. 

To test the operation of network switches, feeders are 
removed from sawice once each week during jhe light 
load period, by opening the circuit breakers at the 
Generating Station. If the feeder is not automatically 
deenergized when the breaker is opened, a trouble man 
is sent <?ut to see which network ^tch has failed to 
open. A signal system installed in each vault saves 
the trouble man much time in locating the faulty 
switch. This ^signal system consists of a 125-volt 
lamp installed in the ventilator so that it can be seen by 
the trouble man without getting out of his car. One 
terminal of the lamp Is connected to ground and the 
.other to a lighting phase through an auxiliary switch 
that closes only when both network switches are open. 
A signal lamp not burning indicates that a network 
switch is closed. If faulty the switch is locked open 
until repaired. 

In the location of primary faults special equipment is 
used. .The apparatus is installed at the Geno-ating 
Station and consists of a 50-kv-a. 440/8000-volt step- 
up transformer and 8000-volt, 15-ampere reactor. 
The procedure followed in locating a fault is to manually 
lock open each network unit on the feeder in trouble, 
disconnect the feeder at the Generating Station and 
connect the reactor fo the faulty conductor until it is 
broken down to ground. With a split-core instrument 
transformer and low reading ammeter the current sent 
out oVer the cable is traced to the fault location. 

Detailed records of * underground installations are 
kept under five general classifications, viz.: (1) Duct 
Line Records, which are in the form of drawings showing 
a plan and profile of the duet lines together with the 
location of all substructures adjacent thereto; (2) Man¬ 
hole Records, which are also drawings giving the loca¬ 
tion and details of construction of each manhole; (3) 
Cable Records, which give the location, size, date 
installed, and other data pertaining to each cable in each 
manhole; (4) Transformer Records, which gives the 
purchase specifications together with a complete history 
of each transformer; and (5) Service Records, which is a 
section map of the dty showing the location and size of 
each lighting and each power service. 

Records are kept of all equipment failures which 
includes a detailed description of the failure together 
with a phofegraph of the faulty 2J]pparatus where 
possible. Included in these records are cable failures, 
transformer failures, network unit failures, etc. 

During the year 1928 the average efficiency of the 
undergroxmd network system, as calculated from watt- 
hour meter readings at the Generating Station and those 
on customers’ premises, was 95.6 per cent. The 
average annual power factor was 0.90 and the load 
factor 0.50. Approximately 36 per cent of the energy 
distributed was power and 64 per cent lighting. 

The operation of the system since its installation has 


been successful. The voltage regulation has been good 
and there have been practically no complaints. The 
record witTi reference to (Antinuity of service, like that 
for voltage regulation, has been satisfactory. The 
completed network system has been in operation nearly 
two years and during that time no customer has been 
out of service. A number of faults on primary cables 
has occurred, but in each instance the trouble has been 
automatically and successfully cleared without inter¬ 
ruption to service. Secondary cable faults bum clear 
without noticeable effect on the service. 

STUDENT ENGINEERS SHOULD STUDY 
PSYCHOLOGY 

Though an engineer now occupies tfie White House 
and the present is often referred to as the engineer’s 
age, engineering graduates are earning small salaries. 
At the same time, the feeling of a lack of engineers all 
oveP the country persists. 

Speaking about this puzzling situation, C. F. 
Kettering, genwal director of the General Motors 
Research Laboratories, stated in a recent talk before 
the Cleveland Section of the Society of Auomotive 
EngineCTs that engineering education fails to prepare 
the student for his real work because it does not teach 
him enough of economics and psychology. As a 
result, the young engineer cannot sell his ideas; he 
becomes discouraged and drifts into other linerof work 
where the rewards seen to be greater and more im¬ 
mediate. For instance, only 6 out of 37 graduates in 
electrical engineering in a single class were foimd to be 
practising electrical engineering 10 years after^ 
graduation. 

To fit engineering graduates into industry, thes^ 
should be put on a job that is similar to what they werg 
stud 3 nng in college, Mr. Kettering suggested, and be 
given a chance to become acclimated to industry and to 
assume a more important position. 

Many engineers have not yet learned to use their 
imagination. We find in industry a question as to 
what the future demand will be, and the engineer 
should have enough imagination to see that the thing 
of tomorrow will be different from that of today.' 

Bankers, said Mr. Kettering, are interested in the 
engineer as never before, because they say that he is 
upsetting the stability of business, but the whole 
object of research is to keep everyone reasonably dis¬ 
satisfied with what he has in order to keep the factory 
busy making new things.— S. A. E. Journal. 

J. Tribot LaspiSre, director of the International 
Conference on Large Electric High-Tension Systems, 
which will hold its biennial meeting this year at Paris 
on June 6 to 15, reports that 380 members from 21 
countries have already been enrolled. It is anticipated 
that the attendance of the 1927 session will be exceed. 











r 


Abridgment of 


^ f 

Automatic Transformer Substations 

Of the Edishn Electric Illuminating Company of Boston 

V -V . i.. ___ 


BY WILLIAM W. Ef)SON» 


Member. A. I.B. E. 


Synopsis; The Edison Electric lUuminaiing Company of 
Boston, has adopted a policy of numerous relatioely small automatic 
a~c.^ substations located at the various individual load centers, this 
poUey being enhanced by the development of a new method of automatic 
control and by the standardization of the station design. 

The rating of a substation is based on the sum of three speeiaUy 
design^ transformers each having an inherent 60 per cent overload 
capacity. Thus, the maximum load is normally carried by the three 
units operating at their nominal 100 per cent rating, but in emer¬ 
gencies the load cay. be handled by two banks, the transformer out of 
service, representing only SS per cent of the’station capacity instead 
of 50 per cent as in the usual case. 

The automatic control consists essentially of load-current relays 
^fnch switch in or out the follow-up transformers as needed, 
t his operating point for maximum station efficiency ^quah 


I ^ X core losses per hank 
\ cower losses ‘ Serious trouble on any hank 


will 


bring in the succeeding transformer. Each transformer h as Us own 


seq^nce switch so that it may be made leading, followup, second 
foiling, or rnanual, irrespective of the set-up for the remaining 
units. The simplicity of this controi equipment is particularly 
interesting, in fact only the current control and one auxiliary relay 
are directly chargeable to the automatic contryd. The circuits and' 
appara^ have several special features promoting safety and 
reliability. , • ^ » 

The construction of these stations has been standardized by the 
devehpmerU of standard “blocks" complete in themselves and suitable 
for hmng arranged or added, as desired. Thus,foreachtrantformer 
section there are four types of blocks-high-tension, low-tension: 
regulator and switchboard. Such an arrangement offers the ad¬ 
vantages of complete segregation i>f equipment, flexibUily in station 
layout, effUsent provision for growth, standardization of engineering 
andemstruetion, and the satisfactory use of complete bills of material. 

Tins system of control and standardization of construction has 
been applied to five new automatic transformer substations in the last 
two years, and the results have been very satisfactory. 


T he rapid growth and expansion of the electrical 
distribution system of The Edison Electric 
lUuminatmg Company of Boston has dictated a 
policy of numerous relatively small automatic a-c. 
substatsons located at the various individual load 
centers. Such an arrangement results in reduced line 
and feeder losses, better voltage regulation, improved 
reliability of service, closer balance between the load 
. and the transformer capacity in service, and in a more 
efficient building program for the substations. 

^ The value of this policy was materially enhanced by 
the development of a new method of automatic control 
which was much simpler in both design and operation 
than the previous schemes. In the last two years, the 
adoption of this control, along with the standardization 
of station design, has been applied to five new automatic 
transformer substations and the advantages are quite 
apparent. 

Station Capacities 

“nie ratings of these stations are based upon an 
ultimate of toee units, and vary from 6000 to 15,000 
kv-a. depending on local requirements, these differenqps 
being easily met by selection of the number and sizes 
of the transformers without defracting from the 
prinriples of standardization. Closely associated with 
this question of umt sizes is the special design of 
transformers developed some years ago for the Edison 
Company. 

1. Station Engineering Dept., Edison Eleotrio Uluminating 
Co. of Boston, Boston, Massj? 

Presented at the Summer Convention of the A, E E 
Swampscoii, Mass., June 84-S8, im. CompUte copies upon 
, request. 
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First of all, it is essential that a station be able to 
carry its full load in event of failure of one of the units. 
Formwly this contingency was «iet by installing the 
three transformers of such size that two at full rating 
could carry the load. This meant that lander normal 
conditions one unit (60 per cent of station rating) and 
Its switching equipment washout of service'', which 
represents an economic loss. ' ' 

Under the Edison Company’s arrangement this situa¬ 
tion IS met by selecting a smaller size, such that all 
t^e would be used in carrying a full load. At a slight 
additional unit cost these transformers are given a 
60 per cent ova-load capacity by increasing the copper 
and the cooling surface, so that if necessary any two 
coidd carry the full load witiiout exceeding the normal 
55 deg. cent, temperature rise. * Of course the efficiency 
of these units would be reduced somewhat during this 
overload, but as this is an emergency condition the 
loss in kilowatt-honrs is negligible. 

Description op Station 

For a 10,000-kv-a. station, for example, there are 
three 3600/6250-kv-a., three-phase, delta-star trans¬ 
formers having ftheir maximum efficiency^at 75 per cent 
(probable normal load) of their nominal rating of 8600 
kv-a.; that is, at 2600 kv-a. Each bank has a high- 
tension bus section supplied by two 13,800-volt lines 
these sections being connected by bus-tie breakers 
normally closed. The bank supplies a main and 
auxiliarybushavingsix 4000-yolt, four-wire ungrounded 
neutral, regulated, automatic redosing feeders. The 
low-tension bus-tie breakers are normally dosed, but 
they trip automaticdly in case of a feeder fault if all 
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three banks are in service, thereby, reducing the ruptur¬ 
ing duty on the feeder oij circuit breaker. 

Only two of these banks, however, are installed 
initially as the station load at first can be carried by 
one bank in an emergency. * 

Automatic;Transpoemer Control Design 
In d^gning the automatic operation of an automatic 
transformer substation the following procedure may be 
followed: (applies eqilally well to any type of automatic 
control) 


13^800 V. MAIN , TRANSreR 

BUS BUS BUS 



Pig. 1—SiNaLB-LiNB Diagram op Hujaboldt Avenue Station 

1. The size and number of the various units and the 
one line diagram of the station are first established. 

2. A list of the desired operating features is then 
discussed and agreed upon by the various interested 
departments of the company. Incidently, as for any 
type of automatic equipment, this is the real deciding 
factor leading to successful operation. 

The equipment must be able to perform in general 
the duties of an operator in an accurate, safe and reliable 
manner, but there is a surprisingly large number of 
requiremente which may safely be dijninated. 

3.. The third requisite in the designing of an auto¬ 
matic station is the collecting of the individual relay 
circuits into a combined diagram which is simple, 
efiicient and safe. Three items must be kept in mind 
while studsdng this completed diagram. 

a. Does it meet all of the operating features and 

control requirements? * 

b. Are there any short circuits or stray currents 
under any possible combination of relay or switch 
operations? .An;^ amount of time spent on this study 


will be amply repaid when the set goes into operation. 
Even then, actual service will develop unexpected stray 
circuits. But these can b^mitigated. 

c. Can the installation be simplified, such as by 
assigning several duties to one rqlay, collecting various 
circuits to the same set of relay coptacts, or by arranging 
the contacts so that the number of wires leading to an 
item of equipment is reduced to a minimum? 

The schematic diagram is essential as each individual 
relay circuit can easily be followed and studied. 

Some form of sequence chart is also of great help as 
it serves as a “slow motion” picture of the status at 
any operating step; that is, it shows the cause and ' 
result of each operation. 

. Operation . 

The system developed and adopted by the Edison 
Company performs as follows: 

a. For light-load conditions, one transformer carries- 
the load. As the load increases, the other banks cut-in 
automatically as required. The two properties avail¬ 
able to control such operation are the tiansformer tern-' 
peratures or the station load. The first is not entirely 
suitable as the temperatme usually lags too far behind 
the load, it is not independent of the weather conditions, 
and the present tempmature relays are somewhat deli¬ 
cate and difficult to keep in adjustment. 



Fig. 2—Schematic Diagram op Teanspormbr Control 

The second method (station load) offers better results 
as the current relays already developed are quiteaccurate 
and reliable. Another important advantage is that the 
transformers can be operated nearer the best over-all 
efficient point. For example, these cut-in relays can 
be set at a point where the core and copper losses of one 
transformer equal the total losses of two transformers. 
Expressed mathmnatically this most efficient point 
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I 2 Ij. 

to bring in the second bank equals -J ——‘ where Li 

is the core or zero load losses of one transformer and 
Lc is its full load copper losses.* This point averages 
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PiQ. 3 —Sbquencb Chabt—^Automatic Starting 

approximately 106 per cent of the nominal rating 
(70 per cent of total) for the transformer used, which 
means Sie bmiks are always cool and available for 
unusual demands.* Since there is little occasion for 
the transformers to be overloaded (which often occurs 
with tempoature control) the voltage regulation is 
materially improved. 

The relays used for this control (one in each phase) 
are the G. E. Type lA, the overload contacts being 
connected in parallel and the underload, or back con¬ 
tacts, being in series. The latter operate at about 90 
per cent of the cut-in value. An auxiliary timing 
relayi Type PQ set for two minutes is used to prevent 
too frequent operation on a surging load and to reduce 
the wear on the contacts of the current relays. 

In c^e of overload the cut-in bus is energized, which 
vrill bring in any bank or banks whose pr^erence switch 
is connected to this bus. The auxiliary closing con¬ 
tactor is energized and the high-tension oil circuit 
breaker closes, which in turn sets up the closing circuit 
for the low-tension breaker. It will be noticed that 
when the cut-in bus was energized the protective timing 
^ay No. 48 began to dose. By the time it completes 
stroke, tiie high- and low-tension break^s should be 
dos^ but if not, or if one drops out due to latch trouble, 

a topping circuit is set up and the transforms- is locked 
out. 

When the station load dsn-eases the shut-down bus is 
6»«rgized. Atthesame timethecut-inbusisdeener- 
gaed which allows No. 48 timing relay to onen. When 
2. See appendix, complete paper. 
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it completes its operation the tripping circuit for the 
high-tension breaks- is completed and this breaker 
opens, followed in turn by the low-tension breaker. 

A similar set-up would be used to control the third 
bank through a second set of cut-in and shut-down 
busses. 

b. The question of safety and reliability assumes 
special importance in a non-attendant station.' These 
are met in the Edison system byrproviding each trans¬ 
former with differential protection relays, excess over¬ 
load relays, ^maximum oil temperature ^relays and an 
over-all checking relay to insure that the circuit breakers 
do not drop open or pump. Any of these faults operate 
the lock-out relay No. 30 and trips both breakers. 

There are also severaf inherent features of design 
which promote safety; such as, only one polarity is 
taken to the circuit breaker auxiliary switches or to the 
relay contacts, all relay coifs are for continuous duty, 
no contacts are subjected to unsafe carrying or breaking 
currents, interloclss are included to make the high- 
tension breaker close or open before the low-tension 
breaker, thereby reducing high-tension voltage stresses, 
the various circuits are arranged so that improper 
operation of set-up or manual control switches cannot 
do any harm, and the numbOT of relays is reduced to a 
minimum. 

c. A second operating requiffement calls for the 



PiQ. 4 ^Plan or HumboIjDt Aybnvb Station 


transfer of load to another transformer in case one of 
the banks is in trouble. This is accomplished by ener¬ 
gizing one of the %bove mentioned cut-in busses by means 
of the transformer lock-out relay. Here again time is 
introduced (approximately 30 sec.) before the alternate 
bar^ r^tores the system for the same reasons that 
timing is used on the automatic reclosing breakers on 
the low-tension circuits. 

^®.*^“^oves potential from relay 
Iso. 48 which after a time delay drops open This 
cpmpletes the circuit through the preference switch to 
energize the cut-in bus which will bring in the next 
transformer in a similar manna- as above. 
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d. Byil selectivity is provided by giving each trans- 1. A high-tension block for the two incoming lines, 
former its own sequence switch so that any bank may the 13,800-volt bus and its tie breaker, and the trans- 
be made first, leading; second, follow-up; third, alter- former high-tension breaker. 

nate; fourth, out. Manu^ control switches are con- 2. A low-tension block for the transformer low- 
nected to this fourth position as a matter of flniformty tension breaker, the main and transfer busses with their 
in operation betv^en stations othmnse they could be breakers and disconnects, and $he 4000-volt feeders, 
omitted. It will be noted that any of the transformers 3. A regulator block for the feeSiep induction voltage 
can be* operated independently qf the others. For regulators. The battery motor-generator set and the 
example, one may be undw manual control and the station power and lighting transformers are located 
rest automatic, or if desired, two may be set up to in the space opposite the bus-tie cell, 
operate in parallel as a group thereby permitting two 4. A switchboard block for the control switchboard, 
smaller banks to operate as a unit and reducing the battery room, toilet, and the constant current lighting 
number of operating cycles. • transformers if used. 
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, Fig. 5—Cbosb-Sbotion of Humboldt Avbnub Station 


Miscellaneous Automatic Features 

The manufacturer's method of automatically re¬ 
closing feeder circuit breakers has been revised some¬ 
what to include the safety features and simplicity 
referred to above. 

The battery charging motor-generator normally 
^oats on the control battery, but it will shut down in¬ 
case of certain faults and will restart when conditions 
become normal. 

A signal is sent over leased telephone wires to the 
nearest manually controlled station to indicate the 
opening of any line or feeder circuit breaker, the lock¬ 
out of any transformer, or a ground on the 4000-volt 
system. This latter indication is accomplished by 
means of a CV voltage relay connected between the 
system neutral and ground. * 

Station Design 

The construction of these automatic substations has 
been standardized as far as practicable. The basic 
feature which permits this standardization of con¬ 
struction is that the station is divide^ into “blocks,” 
complete in themselves and suitable for being arrangSd 
or added as desired. 

For each transformer section there are four su& 
blocks: • 


Advantages op the Block Design 

a. Complete segregation, the blocks theinselves 
forming natural fir^roof subdivisions. 

b. Flexibility in arrangeinent to meet land of 
neighborhood conditions. 

c. Efficient provision for the growth of the station 
by the addition of blocks as needed. 

d. Standardization of construction, resulting in 
the simplification of the preliminary load, land and cost 
estimates as similar information from previous stations 
is at hand, the betterment of the price and delivery for 
the purchase of the equipment due to duplication of 
former ordm-s, and the decrease in tiie time and cost 
of the design installation and operation of the station. 
Inddently, it is an advantage to know in advance that 
the completed station and its operation will be satis¬ 
factory to the various departanents concerned as the 
individual standards have already been tried in service 
and approved. 

e. Satisfactory use of an itemized bill of material, 
this list being grouped in accordance with the station 
blocks and giving such infq^ation as may be needed 
during the various stages of engineering or construction. 

Miscellaneous Construction Features 
.Each high- and low-tension block is divided by an 
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eight-inch concrete fireproof wall so that the oil circuit compartment so that any room can be quickly cleared 
breakers are in one compartment while the busses of smoke or gases after a fire, 

disconnects and instrument ^transformers ase in the Individual automatic electric heating units with 

other. Metal lath and plaster cell walls two inches circulating fans are installed in each room for general 

thick separate the equipment per circuit. The regula- heating and for preventing condensation, 

tor room and breaker cells are drained to prevent The general illumination is by alternating current, 
spreading of any^pdssible burning oil. There is no but floodlights and certain lighting'circuits are on a 
reinforcement or other steel work carried over between manually opiated change-over switch to the battery 
cells. The ground busses are run on insulators for emergency use. * 

to prevent fault currents passing through the Pigs. 1, 2, 8, 4 and 6 apply to the Humboldt Avenue 
structure. automatic substation but the other four stations follow *■ 

The cell wiring is flame-proof varnished cambric the same general design except for varialidhs in assembly 
^.. cable. The high- and low-tension cables running to of the “blocks.” . For example in the Arlington *Sub- 
the outdoor transformers have oil-filled potheads to station the switchboard and regulator blocks are 
prevent leakage of oil from the transformers which are located on the second floor. 

of the “industriSl” oil pothead entrance t 3 q)e. This The construction and operation of these stations' 
latter construction eliminates all outdoor structure, have been very satisfactory and it is expected that this 
An individual ventilating fan is provided for each type of design will be continued in future stations. 

Abridgment of 

Guarding eind Shielding for Dielectric Loss* 

Measurements on Short Lengths of High-Tension Power Gable 

BYE.H. SALTER' 

Associate, A. I. E. E. 

Synopsis* This paper presents the results of investigations these losses being insignificant in the case of the full reel hut atnount- 
made lo explain the wide differences found between dielectric loss ing to as much as 100 per cent of the loss in the normal 4 <Smple. 
measurements made on full-reel lengths of cable and on samples Methods of determining, controlling and eliminating these end 
(10 ft. net length) removed from these reels. At least on.e source of losses are described. ' '' 

such differences is found in losses occurring at the ends of the cable, ♦ ♦ * » * 


Introduction 

ITH the advent of low-loss insulations, it has 
become necessary to make measurements of 
dielectric loss and power factor of power cables 
with greater accuracy and refinement. Since a large 
proportion of the measurements of this nature are made 
on comparatively short lengths of cable (10 ft. net 
length under sheath), the question has often been 
raised as to what influence the end conditions in these 
specimens might have on the results obtained. 

General • 

At the Regional Meeting held in Rttsfidd, Mass., 
May 26-28,1927, Mr. G. L, Kasson presented a paper 
entitled High-Voltage Measurements on Cables and 
Insulator^ in which he pointed out that in measure- 

•Part 4 of a Symposium of six papers on Shielding in 
Eleotrioal Measurements. 

1. Engineer, Cable Research, Electrical Testing Laboratories, 
New York, N.T. 

2. A. I. B. B., Trans., Vol. XLVI, 1927, p. 635. 

Presented at the Summer Convention of the A. 1. B. E., Swamp- 

scoit. Mass., June 19S9. - Complete copies upon request* 


ments with high continuous potentials and high single¬ 
phase alternating potentials, veiy large errors might 
occur due to corona formation at the cable ends and on 
the lead wires. He showed how, by complete electro^ 
static shielding and guarding of "the sample under test 
and the instrument circuit, these losses might be 
eliminated from the measurements. 

Such shields and guards have been in use for some 
years in laboratories making didectric loss and power- 
factor measurements on short lengths of cable, where, to 
accomplish this end, it has been^the practise to use the 
tank of the supply transformer as a shidd for the trans¬ 
former, to use «lead-covered power cabj|e for high- 
voltage leads wherever practicable, to screen the*cable 
sample (and the air condenser, when used) and t6 use 
shields on all leads to the measuring instruments, these 
shields often surrounding’ the instruments as well. 
The proper use of such precautions eliminates practi¬ 
cally all effects due to direct leakage (conductance 
Idkkage) and to capacitance connections between high- 
a^d low-voltage circuits. All of the above mentioned 
have to do chiefly with the equipment for making di¬ 
electric loss measurements. It is the purpose of this 
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paper to discuss ‘certain conditions relative to the 
samples, as such, which have been found to play a large 
part in the results obtained-in these measurements.^ 

In test work, power cables fall into two general 
classifications; i. e., single-conductor cable and mul¬ 
ti-conductor cable. For power service, most multi¬ 
conductor cable is three-conductor. There are then two 
general types of three-conductor cable, according to 
construclJon; i.e., the belted type "and the shielded- 
conductor type. Each-of these three groups represents 



Pia. 2—Distbibution of Sections fob Poweb-Pactob 
S iTBVBY Along Nobmal Sample 

a slightly different problem in preparation for test. 
They will be dealt with here in the order named. 

Guarding the Single-Conductor Test Specimen. Tests 
on a number of samples in which lead sheath was 
slotted at 1-ft. intervals throughout its length, as shown 
in Fig. 2, showed the*end sections to have extremely 
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Fig. 4—Single-Phase Diblbctiiic Loss Measurements 
« Power-factor variation along length of#»i.ble 

high power factor and ionization factor. This con¬ 
dition, while not always serioiis before heating the 
sample, was found to be quite pronounced after heating 
to 100 deg. cent, and cooling to room temperature. 
This condition is illustrated by Figs. 4 and^6 showing the 
results of tests at room temperature before and after* 
heating to 100 deg. cent. 

It will be noted from Figs. 4 and 6 that the 1-ft.^ 
sections at the ends of the specimen are for the most 
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part the only ones showing any considerable change in 
power factor. In these end sections, the impregnating 
compound to a calain extent, open to the air so that 
the increases found are likely due to air absorption with 
possible oxidation of the compound while at the higher 
test temperatures. 

The method of eliminating these end losses from 
measurements on a length of cable® is almost self- 
evident in an examination of the results shown; i, e., 
eliminate these 1-ft. sections at the ends from the test 
circuit by making them a part of the guard or shield 
circuits. This, then, means that in preparing such a 
sample for dielectric loss tests, circumferential slots are 
cut through the lead sheath at least 12 in. from each 
end. These slots are filled with insulation and sealed 
against loss of oil .when iJie cable is"' heated. The 
central section of lead sheath then forms the test elec¬ 
trode while the isolated sections at the ends are used 
as guards. • 

Guarding the Belted Three-Conductor Test Specimen. 



Fig. 6—Single-Phase Dielectric Loss Measurements 
Power-factor variation along length of cable 

Dielectric loss tests may be made on three-conductor 
cable with either three-phase potential, obtaining the 
loss directly, or with single-phase potential, computing 
the loss from the results of a series of tests. While the 
tests described below were all made with three-phase 
potential, it is felt that the findings are equally appli¬ 
cable to tests made with single-phase potential. 

In addition to end losses of the tsrpe found in the 
single-conductor cable, and which it is felt must like¬ 
wise be found in the three-conductor cable, there is the 
loss due to the inter-phase capacitance of the end con¬ 
nections. This loss has become increasingly significant, 
particularly in the case of the higher-voltage cables 
where ionization of the aif in the crotch space of the 
cable gives visible signs of the loss in the form of corona. 

In order to determine the magnitude of these crotch 
losses and to find the most effective method of pre- 
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paring the ends of specimens to render these losses 
negligible, a series of specimens was prepared and tested 
as follows: ^ , 

A. With the ends prepared as shown in Fig. 7. 

B. With the cambric joints and cable ends covered 
with metal foil dowmto the old band guards. 

C. With the belt ifisulation cut back even with the 
end of the lead ^eath and the guards used in B ex¬ 
tended all the way down into the crotch. 

D. With a sheet metal guard, about four inches 
long, placed around each conductor and well down in 
the crotch space. 

The results of measurements trader the above con¬ 
ditions are shown in Fig. 12. Apparently, shielding 
against corona loss in the crotch space (the four inches 
adjacent to the end of the sheat^ reduces these end 
losses to a point where their significance in commercial 
measurements is negligible. 

, Guarding the Shielded Three-Conductor Test Speci¬ 
men. The problem of guarding the ends of the short 
specimen of shielded three-conductor cable is much the 
same as that of guarding the ends of the belted three- 
conductor cable. In both cases the problem is to 
prevent corona formation in the crotch and to reduce 
the loss between conductors. The studies of end con¬ 
ditions in the shielded conductor cable followed much 
the same lines as the studies of the belted cable. Due 
to the type of construction, the crotch losses are much 
more ^gadily controlled, however. 

Conclusions 

The investigations of end losses in dielectric loss 
tests of short specimens* of high-tension power cable 
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7—^A Method foe Testing Crotch Losses 


appear to indicate that the most satisfactory methods 
of minimizing these end effects are to be found in the 
following methods of preparing the test ends. 

1. Single-conductor cable is most effectively guarded 
against end losses by isolating about 12 in. of cable at 
each end of tiie specimen for use as guards. When 
making t^pwature runss the dots in the lead sheath 
incident to this preparation must be filled with insula¬ 
tion and ^aled against oil leakage. The best slot 
width is approximately in., narrower dots being 
diflScult to maintain and wider dots affecting the loss 


measurements due to the fringing field from the dot 
edges. 

2. Three-conductor belted type cable is practically 
free from corona loss in the ends if the samples are pre¬ 
pared vfith the belt insulation cut off even with the 
sheath end and guards 4 to 6 in. long are placed well 
down in the crotch. For most effective placing of the 
guards, it is advisable to make them of tin-plate or 
some similar stiff roaterial which can be driven down 
into the crotch. A thin layer of varnished cambric 
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Fig. 12—^VARiAtiONS of Power Factor with Voltage 

r ^ r. 

placed over the guards before inserting serves to insu¬ 
late them one from the other. , 

3. The simplest scheme of preventing crotch losses 
in the shidded three-conductor cable is to leave the 
metal-foil on the individual conductors beyond the 
crotch space, a matter of 4 to 6 in. Narrow band 
guards placed abof e the ends of the metal foil then 
take care of surface leakage. 



RADIO PERMITS TALKING FROM 
MOVING TRAIN 

A new method of radio-telephonic- conversation 
between a moving train and a stationary instrument is 
announced from Canada, where it has been successfully 
carried out on the Canadian National Railway lines. 
The new device throws the voice from the train to the 
telegraph wires which line the right-of-way of every 
railroad. It is^hen carried to the termhial point and 
there connected with the ordinary telephone' lines. 
This process is reversed as regards the other participant 
in tiie conversation. As the system now stands, the 
terminal points must be not more than about 160 miles 
apart or the voice is lost. A two-hour conversation was 
jield in this Mfay on May 5, and several points of ad¬ 
vantage over the Cerman system are claimed. Experi- 
fnents in perfecting the ssrstem were carried on by 
J. C. Burldiolder, formerly with the Bell laboratory at 
Newark, N. J. —Electrical World. 
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Synopsis.—In electric power stations it is often necessary to and minimizing the errors which may crise from this source. The 
make accurate measurements of current or power when the instru- principal methods are: (1) To so arrange the c(Ales carrying thelarge 
ments aredoealed near to the cables carrying large aUemating cur- currents that they produce as little stray magnetic effect as possible; 
rents. The magnetic field produced bj/ these currents may constitute (S) to use instruments of the shielded or of the astatic type; (S) to 
a serious source of error in the measurements unless careful precau- repeal readings with the instrument connections reversed; anil 
lions are taken to guard against such disturbing effects. This . (4) 1° nvoidaUloops in the connecting leads, 
paper SummarizesJ,hi various principles and methods for detecting ***** 


1. Introduction 

I T often becomes necessary‘in the central station or 
the laboratory to make precise electrical measure¬ 
ments with apparatus which is unavoidably located 
near conductors which arer carrying large alternating 
currents. The magnetic field produced by such cur¬ 
rents may become a source of serious error in the 
measurements, either because of the direct effect of the 
magnetic field in adding a ponderomotive force to the 
moving element of the instrument used in the measure¬ 
ment, or because of the electromotive forces induced in 
the measuring circuits by the alternating magnetic 
field. 

It is the purpose/)! this paper to summarize the 
various principles and method which have been sug¬ 
gested for detecting,or minimizii^ the errors which 
may arise from the presence of stray alternating fields. 
This 'treatment, however, will be limited to those 
methods'which are applicable in the range of frequencies 
used in power generation and distribution, though 
many of these are-also applicable to audio- and even 
radio-frequency measurements. 

The more important methods are (1) proper arrange¬ 
ment of the conductors carrying the large current, 
(2) proper choice and arrangement of measuring 
ajiparatus, (3) repetition of readings with reversed 
connections, and (4) "proper location of connecting 
leads. These methods will be discussed in order. 

It should be emphasized that no one of them consti¬ 
tutes a panacea for all stray-field troubles but that the 
obtaining of correct results usually requires the judicious 
application of several of these principles. 

II. Arrangement of Current-Carrying Parts 
Whenever it is possible to do soothe conductors 
carrying the’lieavy currents should be so placed as to 
minimize the stray field which they produce. While 

*Part 5 of a Symijosium of six papers on Shielding in 
Electrical Measurements. * 

tPhysicist, Bureau of Standards. 

Ihiblication approved by the Director of the Bureau of 
Standards, Department of Commerce. • 

Presented at-the Summer Convention of the A.I.B.E., Swamp- 
scott. Mass., June $4-^8,1929. Complete copies upon request. ^ 


exact computations of the field produced by various 
possible arrangements are both difficult amd unneces¬ 
sary, it is often de^rable to obtain a rough estimate of 
such fields, for instance in judging the relative merits of 
two alternative conductor arrangements. Such esti¬ 
mates may he based on the following approximate 
relations. 

The field at a point P, a considerable distance from 

Q.2 AIN 

a fiat loop of cable, is roughly H — —-, where 


H is the field strength in gausses, IN is the ampere- 
turns in the loop, A is the area of the loop in sq. cm. and 
D is the distance in cm. from the center of the loop to the 
point P. When the point P lies near the axis of the 
loop or in the plane of the loop the directiogj. of the 
magnetic field is parallel to the axis of the loop. At 
points which lie in other positions with respect to the 
loop, the direction of the field is of course quite different 
but can be estimated by reference to a sketch of the 
lines of force around such a loop (e. g.. Fig. XVIII in- 
Maxwell, Electricity and Magnetism, Vol. 2, 3rd 
edition). 

The field caused by a long straight conductor carry¬ 
ing a current which returns at a great distance is 


H = 


0.21 

D 


and obviously drops off much less rapidly 


with distance than that caused by a loop. The lines of 
force are everywhere perpendicular to the conductor 
and to the line joining the point considered tp the 
nearest point on the conductor. 

Fortunately, however, the return circuit is usually 
not very distant. If two long straight conductors are 
at a distance g apart, the field H at a point P located at 
a considerable distance D (measured from a line mid¬ 


way between the conductors) is H 


0.21 g 


The 


magnitude of the field for a constant distance D is 
nearly independent of the lo^tion of P with respect to 
the plane containing the tvfo conductors, although, as 
in the case of a loop, its direction varies greatly from 
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point to point. Since the stray field is propcSlaonal 
to the spadng g, it is very desirable to make this as 
small as possible. When the conductor section must 
be large it is well to use thin Itrips or slabs placed dose 
together. The effective spacing g is then approxi¬ 
mately the distance between center lines of the slabs 
and may be made much»less than the width of the slabs 
or the diameter of a circular rod of the same, conduc¬ 
tance. ^ This arrangement has the further advantage 
of minimizing the self-inductance of the drcuit and 
hence lessens the reactive volt-ampere capacity of the 
apparatus required for supplying large currents for 
testing purposes. In the equipment recently installed 
at the Bureau of Standards for current transformer 
• testing bars 20 in. by in. have been used. 

PVom the point of view of mini mizing stray fields 
the ideal construction for the heavy conductors is to use 
a pair of coaxial cylinders. Such a return circuit 
^ produces no magnetic field at points outside the outer 
tube, provided the current distribution is symmetrical 
about the common axis of the cylinders. While jhis 
, form of construction has been used to some extent in 
shunts* and certain types of instrument,® it tends to 
introduce considerable mechanical difficulty espedally 
in arranging terminal connections. 

It is not generally appredated how dosely the ideal 
concentric construction can be simulated by subdi¬ 
viding the conductor and placing its parte ssrmmetri- 
cally around the other bar. If the return conductor 
consiste'*of four wires connected in paraHAi placed 
90 deg. apart around the central outgoing conductor 
and at a distance g from it, the field at a distance!)from 
the central rod has the value H = 0.2 I gyj>. The 
direction of the field is tangential at positions which 
are on lines drawn through the central rod and each 
of the returns and is also tangential but in the reversed 
sense at positions on lines making 45 deg. with these 
axes. The direction of the field is radial at positions on 
lines making an angle of 22.5 deg. with the axis. When 
D is M great as 10 g, the stray field with this arrange¬ 
ment is only one one-thousandth as great as that caused 
by an ordinary two-wire circuit with the same spacing. 

Table I summarizes the formulas given in the pre¬ 
ceding paragraphs and indicates by the numerical 
values'computed for a t 3 q)ical case the magnitude of the 
stray field to be expected. 

An unshielded electrodsmamic wattmeter can bg 
used to detect and measure stray magnetic fields by 
- appl 3 ring rated voltage to the moving coil circuit while 
the current circuit is left open. When the orientation of 
the instrument and the phase of the applied voltage 
have been adjusted to give a maximum deflection, this 
deflection is proportional to the stray field present at 
the point where the wattmeter is located. The instru¬ 
ment may be calibrated byjjlacing it at the center of a 
loop of lar&e radius (22 centimeters) carrying a known 
current (7 amperes) in phase with the voltage applied 
to the wattmeter. The field (H in gausses) at the center 


TABLE I 

Bflective value of stray magnetic field in gausses at a distance of D cm. 
from the axis of symmetry of a group of long straight conductors carrying 
a current of 10,000 amperes and arranged as indicated in colunm 1, with the 
spacing between adjacent conductors 10 cm. 





Stray field 

1 

Arrangement 

Formula 
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40 

20 

10 


turn at great distance 
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0.08 
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Return in two wires on 
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0.025 
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Return In four wires at 
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0.002 
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D« 
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3.6 
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A 0*7 
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0.138 
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Three-phase circuit 

conductors in a 

trlanele. 

V3i7/ 

6.9 

1.73 

0.43 

0.069 


10 


U 1 • rr 2 7r.NJ 

of such a loop IS H = when N is the number 

of turns in the loop. 

III. Choic!B,op Measubi^ig Apparatus 

The second line of procedure in avoiding stray-field 
errors is the proper choice of t 3 ^e and arrangement of 
measuring apparatus. - - 

When it is feasible, use should be made of magneti- 
cafly shielded instruments. In th^ instruments the 
winding are enclosed in a thick shield of high-perme- 
ability iron, which serves to greatly reduce the intensity 
of the stray field in the interior of the instrument. The 
protection thus afforded of course varies with the 
nature of the instrument and the design of the shield. A. 
more detedled discussion of such magnetic shielding will be 
fomdin the papers of Curtis and Gokhale, Parte 1 and 6 of 
this symposium.* Theliterature®>®>* contains datjCshow- 
ing a reduction of the stray-field error by factors which 
vary from M 'to 1/60 in different cases. As is often the 
case with any type of shielding there is always the 
danger that the presence of the iron shield may some¬ 
what affect the action of the instrument and it is cus¬ 
tomary to laminate such shields so as to mininoize the 
eddy currents which would otherwise be produced by 
the field from the instrument windings themselves. 
There is also a possibility of the shield acquiring a 
certain pemanent magnetization which may affect 
the operation of the instrument on direct current. 
This effect cam be eliminated, however, by ta lring the 

’Symposium on Shielding in Electrical Measurements A. I. E. E, 
Summer Convention, Swampsoott, Mass., June 24-28,1929. 

For all references see end of paper. 
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mean of readings with the currents direct and reversed. 

The operating torque of naany electrical instruments 
is the result of the interaction of two magnetic fields, 
one of which is much stronger than the other. This is 
the case, for example, in a separately-exdted ’electro¬ 
dynamometer or in a vibration galvanometer. In such 
types of instrument,* it is desirable to so arrange matters 
so that the moving element of the instrument is the one 
which produces the weaker of the two magnetic fields. 
The ponderomotive force on the moving element result¬ 
ing from its reactipn with the stray field (which is of 
course fixed in space) is thereby made less than with the 
converse arrangement. Thus, an electrodsmamic instru¬ 
ment should be used with the separate excitation applied 
to the fixed coils; and a vibration galvanomet^ of the 
fixed magnet-moving coil type should be preferred to a 
moving magnet instrument, imless, of'course, some 
additional shielding is used with the latter. 

Certain types of apparatus, such as electrodsmamic 
instruments and mutual inductors, can be built in 
astatic form by using duplicate coils wound in opposite 
directions whose effects are additive as regards the 
currents to be measured but subtractive as regards 
stray field effects. Apparatus of this type is very much 
less subject to stray "field errors than is ordinary non- 
astatic equipment, and should be used whenever 
possible. However, i^ is well to bear in mind that 
astatic construction does not entirely eliminate all 
possibility of,^tray fiejd error. The two coils of an 
astatic mstrument seldom have exactly the same area 
turns, and even if the construction is perfect, the com¬ 
pensation is complete only if the stray field is uniform 
in direction and intensity throughout the space occu¬ 
pied by the instrument. The field around a laboratory 
or power station is usually far from uniform and may be 
materially different at the two ceils of an astatic 
instrument. 

IV. Reversal op Connections 

• 

A further •method whitih is almost always applicable 
even in cases where the circumstances have not allowed 
the experimenj;er any leeway in the arrangement of 
either the current-canying conductors or the measuring 
apparatus is to make two sets of measurements between 
which the connections of part or all of the apparatus 
have been revised. The most desirable procedure is 
first to make such changes in connections as will reverse 
the direction of all currents in the measuring circuits 
except the heavy currents which are suspected of pro¬ 
ducing a stray field. This may usually be done by 
reversing the secondary connections of the current 
transformers. If the results bf the repeat measure¬ 
ment made after this revemal show only a slight differ¬ 
ence from the original results, one-half this difference 
may be taken as a measure of the stray fidd error and 
the mean of the two results may be considered to be 
correct. If the difference is laige, it indicates the need 
for locating and, removing the source of mor. The 
same principle may then be applied further by studying 


each piece of apparatus separately and taking a pair of 
readings before and after reversing its connections. 
In most caSes it is of course necessary to reverse two 
pairs of terminals as for instance the primaryand secon¬ 
dary circuits of a mutual inductor or transformer, or 
the fixed and moving coil circuits, ol an electrodynamic 
instrument. After a survey of this nature has shown 
which parts of the network are introducing the errors, 
these parts should be so moved or modified as to reduce 
the error to a reasonably small value. A final pair of 
readings should then be taken to give the correct mean 
value. 

V. Connections to Current Circuit 

The coupling between the measurement circuit and 
that carrying the large currents is usually made through 
a current transformer. There is unfortunately a 
dearth of experimental data on the effect of stray 
magnetic fields on the ratio and phase angle of current 
transformers.’ One would expect, however, that the 
effect would not be greater in magnitude than the 
differences observed when the primary conductor is 
placed in different positions with respect to a hole type 
current transformer.* With most transformers, these 
differences amount to only a few parts in ten thousand 
in ratio, but with certain unfavorable combinations of 
construction and conditions of use, may be as great as 
one-half per cent. 

It occasionally happens that the coupling betwe^ the 
measuring circuit and the heavy cuirent circuit must be 
made by a direct connection of potential leads, so as to 
measure the impedance drop in a run of bus or aaross 
some piece of apparatus carrying the large current. 
In such cases it is important to recognize clearly that 
the impedance drop may be very different from the 
resistance drop and to place the potential leads so that, 
the resultant e. m. f. at the measuring instrument may 
approximate as closely as possible to the desired quan¬ 
tity. If the total impe^nce drop is desired, the 
potential leads should be brought off separately at 
right angles to the heavy conductor in such a direction 
as to avoid so far as possible the magnetic effect of 
other parts of the heavy current circuit. In other 
words, the mutual inductance between the potential 
leads and the current circuit should be zero. On the 
oth^ hand, if the resistance drop only is desired, a 
potential lead should be laid back tightly against the 
conductor throughout the span from its point of at¬ 
tachment to that of the other potential lead. Prom 
the point where the two leads meet, they should be kept 
dose together and preferably twisted throughout the 
run from the conductor to the instrument. The 
theoretically perfect condition is to place the potential 
leads so that they are linked wij;h a magnetic flux of the 
same amount as that which links the main conductor. 
In the case of roimd conductors this would require the 
impracticable condition that the lead lie in a hole or 
groove inside the current carrying rod. In the case of 
thin rectangular bars, however, tjie requirement can be 
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met by placing the potential lead close to the bar at a 


distance from the center of its long side equal to 0.3 
of the total width of the bafr. * 

In eases when the conductor arrangement is such that 
the potential leads cgimot be placed in the desired loca¬ 
tion, it is often passible to correct the experimental 
results by.computing the various mutual inductances 
involved. Formulas are available® for such computa¬ 
tions for a great variety of shapes and arrangements 
of conductors. 
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Some Problems in Dielectric Loss Measurements 


. BY C. L. DAWES,* F. L. HOOVER® 

Member, A, I. E. B. Associate, A. I, E. B. 

Synopsis.—The measurement of dielectric loss in high-voltage 
cables presents many problems which are not simple, and their solu¬ 
tion is obtained only after considerable effort and research. This 
paper presents some of the problems that the authors have encountered 
in this type of work, together with the methods used for their solution. 

The bridge method, which is used for the measurement of dielectric 
loss, is described in some deiaiL Details of the auxiliary equip¬ 
ment, such as galvanometer, amplifier, air condenser, shielding and 
special^ethods of bringing the shielding to the proper potential are 
also given. 

If accurate results are to be had in dielectric-loss measurements, 
the entire bridge, including cable, air condenser, and leads must be 
properly shielded, and the capacitance between leads and shielding 
should be made small. It is entirely insufficient to shield the bridge 
and ground the shielding directly. At times, shielding cables may 
increase the measured losses. 

In measuring the capacitance of the air condenser, all stray 
capacitance to Us guard rings and to surroundings must be eliminated. 


and H. H, REICHARD® 

Associate, A. I. E. E. 

The voUage across the voltmeter coil of a high-voltage transformer 
is frequently taken as a measure of the voltage across its secondary. 
In some methods of measurement, this voltmeter-coil circuit is an 
integral part of the measuring circuits.^ Methods of measuring 
ike raiio of primary to secondary voltage and the phase angle be¬ 
tween them are described, and in the complete paper considerable 
quantitative data are given for typical testing transformers under 
various conditions of load. 

The accuracy of the bridge as a power-measuring device may he 
determined by inserting known resistances into ih arms and com¬ 
paring computed results with observed results. Due to unsuspected 
leakage and siray-capadtance currents, however, the introduction 
of such resistances may cause large errors. Methods offminimizing 
such currents are given, as are analyses of proper amd improper 
methods of making such measurements and observed data and 
results. Harmonics probably do not introduce error in this type of 
measurement, but at times they are troublesome in that they produce 
anomalous effects in the measuring apparatus. 


Introduction 

N conducting research on ionization in impregnated 
paper insulated cables at Harvard University under 
the auspices of the Joint Committee on Paper 
Insulated Cables of the N. E. L. A., A. I, E. E., and 
A. E. I. Co., the authors have encountered many 
interesting problems in making the rather difficult 
measurements of very small amounts of power at high 
voltage and extremely low power factors,—a inost 
difficult combination. We believe that as a result of 
this type of research, which has been stimulated by 
cable manu facturers and users, the technique of making 
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these refined measurements has been advanced by 
many years. 

In this type of measuremefit, many factors which in 
other types of measurements are not even considered 
introduce large errors. In order that gthers- may be 
forewarned of the sources of errors encountered, and 
further, to give opportunity for discussion from which 
all will derive benefit, the authors have been requested 
by engineers who have been in touch with this work to 
publish their experiences. 

There is probably no type of measurement in which 
one may be more easily deceived than these dielectric- 
loss measurements. The losses vary with tempera¬ 
ture, witii the time of electrification, the cycle of elec- 
tnfication, and with the handling of the specimen. 
Hence, accurate checks of measurements on cable sam¬ 
ples among different laboratories cannot be expected. 

Curves obtained with certain measuring apparatus 
may appear perfectly rational, and yet, because of 
phase-angle defect or wrong transformation ratio, both 
of which may be constant in magnitude, the curves are 
actually in error. As will be shown later, it ismost diffi- 
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cult to check a given apparatus by the introduction 
of known losses in the circuits. The calibrated Leyden 
jars, which are now available at the Electrical Testing 
Laboratories, have in large measure ova*come some of 
these difficulties. • 

The Bridge Method 

The authors use the mutual inductance bridge, 
which has already been describe by them.'* The 
complete bridge with its shielding and guard connee- 
«tions, as now used, is shown in Fig. 1. ^ 

The bridge proper consists of a high-voltage air con¬ 
denser Cl in series with a resistance Ri; the cable or 
dielectric C-i is in series with the priniary of a mutual 
inductance M and the resistance Ri. The detector 
P, which consists of a tuned iron-vane galvanometer, 
is connected between points a and 6 in series with the 
secondary of M. The bridge is entirely shielded by 
chicken wire, connected to the shielding of the air 
condenser. This shielding is brought to the same 



Fig. 1—Complete Connections op Bridge Circuit 


potential as a by adjusting the resistance Es. the mutual 
inductance m' and the capacitanbe Co'- The sheaths 
of the cables are cut twice at each end for guards and 
then are completely shielded. This shielding and the 
iwuftr guards are brought to the same potential as b 
by adjusting the resist^ce Ri, the mutual inductance 
m and the capacitance Co. 

When the bridge is in balance the power factor of the 
cable 

M 03 

cos 6 = sin'P = — 5 — (1) 

for small values of power factor. ^ is the angle of 
defect of the-'-dielectric, M the mutual inductance in 
henrys, and co is 2 tt times the frequency. 

The capacitance gj 

Ci — Cl n (2) 

The power c m Ci Ri co* M 

- m -:— R? — 

4 . C. L. Dawes and P. L. Hoover, Ionization Sivdies iv» 
Paper Insulated Cables. Trans. A. I. E. E., Vol. XLV (1926), 
p. 141. • * 


The Detector 

Without a sensitive detector the bridge loses most 
of its advantages as a precision instrument. The iron- 
vane vibration galvanometer with electromagnetic exci¬ 
tation has proved the most satisfactory detector. The 
impedance of our instrument ,a{ 60 cycles is 2200 
-l-y2«0. The degree of sensitivity tis increased tre¬ 
mendously by the use of an amplifier. The'galvanom- 
eter must be shielded from dielectric, magnetic and 
mechanical disturbance. 



Pig. 2—Eppects op iShiblding 10-pt. Length SiNcSte OoN- 
DOCJTOB Cable at 60 Cycles and 20 Deg. Cent 

Shielding the Air Condenser, its Leads and the 

Bridge 

It is absolutely necessary to shield the low-voltage' 
plate of the air condenser. If the guard is grounded, 
it gives the condenser the equivalent of an angle of* 
defect of some magnitude, Hence, the guard should 



Pig. 3—Connections of Cables in Cable Rack 

be brought to th5 same potential as the low-voltage 
plate. (See Fig. 1). The lead from the condense to 
the bridge should likewise be shielded and should be 
constructed so as to have, very small capacitance. 
This shielding and the shidding about the bridge are 
connected together and to the condenser guard, mid 
brought to the potential of a, that of the low-voltage 
plate of the condenser. 
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Shielding the Cable 

The cable sheath should be shielded, not only to give 
opportunity for eliminating«eapacitance to ground, but 
also to prevent leakage and induced charges from enter¬ 
ing the sheath and causing errors. Also, the lead from 
the cable sheath to, the bridge must be shielded. This 
shielding is all oonnected togethCT and brought to the 
potential of point b (Pig. 1) by means of the resistance 
B 4 , the mutual inductance m and the condenser Co. 

We have found that shielding may increase the 
measured loss in a cable, as shown in Fig. 2. This 
matter is still under investigation. 



Pio. 4 —Connections fob Mbasurino the Capacitance op 
A Shielded Condenser 

To prevent discharges to end-bells disturbing the 
guard-drcuit balance a system of double guarding the 
cable ends is used. The end-bells and a short length 
of ^heath are grounded Sirectly (Fig. 1). A short 
lengtt^of lead sheath between these ends and the test 
length of sheath connects to the shielding as already 
described. Our shielding and the method of connect¬ 
ing six cables for test is diown in Pig. 8. 




Pia. 5 Connections for Determining the Ratio and 
Phase Angle of Voltmetbb Coil 

Measurement op the Air Condenser 
In mea^ng the capadtance of the air condenser 
the shidding about the low-voltage plate must dways 
be at the same potential as the low-voltage plate but 
must not be induded in the measur^nrait. The' 
measuremait is made at a frequency of 1000 cydes per 
set The connections are shown in Pig, 4 . With the 
^tch S at a, the bridge is first balanced. The switch 
S is &en thrown to 6 and a second balance made, 
^e Wagner-ground balance must be made each time 
^e capadtance Ci is then the difference in the setting 
of the condenser Ci. 

Transformer Ratio and Phase Angle 
It is possible to measure the ratio and phase angle of 
tte tot Wormer by using the connections shown 
R JJig. 5. Cl IS the high-voltage air condenser, M the 


mutual inductance, Ri a resistance, D the detector, 
Co a low-voltage air condenser, and J?o a resistance. 
The shielding is balanced by Rz (also m' and Co' may 
be used Fig. 1). 

When the bridge is in balance 

fjz C\ Ri ^ ^ 

The angle betwgrai Ei and Ez , 

M CO ^ 


jS = — n — - 03 CoRo (nearly) (5) 

(Data taken with three different test tr*£jasformers widiout 
and with load are given in the complete paper.) 

It is found that when the voltmeter coil is properly 
located, the ratio is little affected with change in voltage 
or load. The angle /3 changes considerably with load. 
Checking the Bridge 

It is possible to check tiie accuracy of the bridge in 
reference to both the measuranent of current and the 
measurement of power. For example, by connecting 
a deflecting dynamometer at a, Fig. 5, the current 

r -n Eo 

Ii = EiCo o) (6) 

when the bridge is in balance. 





Fig. 6 Correct Method of Connecting Resistance in 
Series with Low-Voltaqb Plate 

Below are representative data which we have taken 

03 Ez Ro Co Ri h (ma.) ' Ii (ma.) 

M f- from (6) (Observed) 

377 25.0 1004 0.015 109 1.300 1.295 

A known resistance r may be inserted in series with 
one of tie capacitances, Cz, and the power dissipated 
m it cdculated. (Fig. 6). If the measured power 
f^tor brfore Jfhe introduction of the resistance r is 
an^i ^d the power factor after the introduction of 
the resistance r is sin 'J'j, tiien 

sin’if's-sin'i'i = r Cj w (7) 

There are many opportunities to make large errors 
m thK meMurement. For example, in Fig. 6 the guard- 
OTmt balance must be mede between points 6 and c 

• tae^paatance of the resistance r to its surround- 
^ings must be very gmall , 

With a plate-glass condenser, the measured loss with- 
bemg ^.55 watts. The computed power was 2.51 










•June 1929 CURTIS: SHIELDING AND 

watts, a close cheek. Also, sin 'i'a - sin 'J'l was 0.00935 
as compared with the computed value of 0.00914. 

With an B. T. L. standard condenser, the measured 
increase of power was 0.1196 watt as compared with a 
computed value of 0.1178 watt. * 

' Harmonics 

Even* with a sinusoidal e. m.4. wave impressed 
aCTOss the bridge, harmonics occur in the current wave 
when ionization commences. Since, with a sinusoidal 
e. m. f. wave, (hose harmonics cannot cont?ibute power, 
the bridge when balanced with a tuned galvanometer 
ordinarily measures the power correctly. At one time 
when a slight third harmonic occurred in the impressed 
e. m. f. wave and the galvanometer was inadvertently 
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tuned to this harmonic, the bridge balanced with a 
n^ative yalue of the mutual inductance. This was 
due to the fact that the'third-harmonic voltage drop 
across Ri (Fig. 1) was balanced in part by the third- 
harmonic drop in Rt due to ionization in the cable and 
the phase relation of the thir(^'harmonic voltage drop 
across one of these resistances has no particular relation 
to the third-harmonic voltage drop across the other. 

The authors are indebted to P. H. Humphries of the 
Harvard Engineering School and to L. E. Cirella of the 
Simplex Wire & Cable Company for their assistance in 
obtaining data given in this paper; and to Prof. H. E. 
Clifford of the Harvard Engineering School and D. W. * * 
Roper, F. M. Farmer, and W. F. Davidson of the Joint * 
Committee for their suggestions in its preparation. 
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Shielding and Guarding Electrical Apparatus 

Used in Measurements—General Principles* 
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Synopsis.—Electrical measuring apparatus is shielded and 
guarded to protect it fromVie following external influences; namely, 
leakage currents, electrostatic fields, magnetic fields, and electro^ 
w^agnetic waves^ Apparatus is guarded ^against leakage currents 
which may flow over or through the solid insulators on which the 
apparatus is supported. It is shielded against leakage currents 
which fiom through the fluid in which the instrument is immersed. 
By a proper arrangement of guards and shields any apparatus can 
be completely protected against leakage currerUs. 

Any apparatus can he completely shielded from electrostatic fields 
by placing it in a metallic case. However, there may he electro-- 
static reactions between the apparatus and the shield, thus intro¬ 
ducing errors in the measuring apparatus. 


Shielding apparatus from mcf^netic fields requires that the ap¬ 
paratus he surrounded by a thick enclosure of magnetic material. 
The theory of this magnetic shielding has been developed a^ formu¬ 
las for producing the most satisfactory shielding are given. 

The shielding of an apparatus from electromagnetic waves is 
largely accomplished by means of eddy currents which these waves 
set up in the shield. The theory Jor the production of these eddy 
currents has been developed and the best location of shields is 
discussed. . 

Some attention is given to the errors which may be introduced 
by shielding and some methods are outlined for obviating the neces-^ 
sity of shielding. 

« « lii 


• I. Introduction 

UARDS and shields are used with electrical 
measuring apparatus either to simplify its theory 
or to protect it from external influences. The 
simpliflcation of theory has generally resulted from a 
rearrangement of the electric or magnetic field so that 
the resulting field can be more easily subjected to 
mathematical analysis. The external influences from 
which appai^jns must be protected aJe: (1) Leakage 
currents, (2) magnetic fields, (3) electrostatic fields, (4) 
electromagnetic wav^. 

It is the purpose of this paper to discuss the general 

^Bureau of Standards, Waslungton, D. G. 

‘‘‘Approved by the Director of the Bureau of Standards of the 
U. S. Department of Commerce. '* « 

fPart I of a Symposium of six papers on Shielding in Electrical 
Measurements. ♦ 

PTCsented at the Sumner Convention o/ the A. /. E. E., Swamp- 
ecott, Mate., June £4-^9, Iff£9. Complete eopiee upon request. 


principles underlying the guarding and shidding of 
electrical apparatus. 

The protection of apparatus from external influences 
has sometimes been called guarding the apparatus and 
sometimes shielding it. The following definitions seem 
to represent the best practise: A shield protects 
apparatus from those outside influences which may 
pinetrate to the instrument through the medium by 
which it is surrounded. A device for the protection of 
apparatus from leakage currents which, for the most 
part, flow over the surfaces of the solid insulators used 
to support the apparatus is called a guard. The term 
“guard” is also applied to those devices the purpose 
of which is to rearrange the electric or magnetic field. 
For example, the earthed plates which are sometimes 
put under the insulating supports of an electrometer 
to prevent leakage currents are called guard plates, 
while if the electrometer is surrounded by a metal 
coaling to protect it from the ionization currents of 
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the air, this covering is a shield. Also, if a parallel 
plate condenser has one plate surrounded by a ring to 
diminish edge effects, this ring is a guard ring. How¬ 
ever, if the back of the guarded plate is surrounded by 
a housing to prevent* any electrostatic lines from reach¬ 
ing the back of,tKe plate, this housing is a shield. 
While these usages of the terms “shield” and “guard” 
might, to advantage, be modified, they will be adhered 
to throughout the paper. 

II. Guarding and Shielding Apparatus Against 
Leakage Currents 

Guarding apparatus against leakage currents is neces¬ 
sary whenever the solids used in the insulation of the 
apparatus have so low a volume resistance or surface 
resistance as to allow a leakage current to flow which 
will influence the measuring apparatus. Shielding ap¬ 
paratus against leakage currents is necessary whenever 
the fluid (air, oil, etc.) in which the apparatus is im¬ 
mersed permits a measurable current to flow. In ordi¬ 
nal measurements, guarding against leakage is re¬ 
quired more often than shielding. 

The leakage currents against which apparatus must 
be guarded may flow through the material of which the 
solid insulators are made or through a film of mois¬ 
ture or dirt on the surface of the insulators. With 
sonre insulating materials (amber, ceresin, hard-rubber, 
paraflill, silica-glass, sulphur, etc.), the leakage current 
through the material of the insulator is, in well designed 
apparatus, negligibly small. Surface leakage on the 
othCT hand is often trqmblesome, especially since it 
may be quite variable. The method of guarding, how¬ 
ever, is the same for both volume and surface leakage. 

To guard an apparatus as completely as possible 
.every insulator is made in two parts. One part of 
each insulator supports a piece of metal (the guard) 
on which is moxmted the second part that in turn sup¬ 
ports the measuring apparatus. An auxiliary electric 
circuit, similar to the one in the measuring apparatus, 
is then set up and so connected to the guards that the 
potential of each guard is substantially the same as 
that of the conductor in the measuring apparatus which 
it supports. Hence there is no tendency for a leakage 
current to flow through or over the second part of the 
insulator which is between the measuring apparatus and 
the guard. * 

Shielding air-immersed apparatus against leakage 
currents is necessary only when the apparatus is sensi¬ 
tive to exceedingly small currents or when the number 
of ions is unusually large. No general statement can 
be made as to the sensitivity of apparatus that re¬ 
quires shielding. It is customary and usually neces¬ 
sary to shield the essential portions of a circuit when 
an electrometer® in employed as the measuring instru- 

1, 2. For references see Bibliography. 

*Here the cvtrreiit whieh flows over the surface of the insulation 
is, by means of the guards, shunted around the measdring 
instrument. » 


ment. It is usually unnecessary to shield when using 
a galvanometer unless the instrument is exceedingly 
sensitive or the surrounding air highly ionized. 

III. Guarding Apparatus to Simplify Its Theory 

In some types of measurementSj it is desirable to 
determine the constants of the apparatus from the 
known properties of the surrounding medium, r In such 
cases a guard may be employed either to confine the 
field of the measuring apparatus to that portion of 
space wher« the properties are knqwn, or to modify'' 
the field so that the constants of the*^ apparatus can 
be computed from its dimensions. In many cases one 
guard may perform both of these functions. A well 
known example is a guard-ring air condenser. Here the 
guard ring is useful not only to confine the lines of 
force to the air so that the dielectric loss is negligible, 
but also to make the field'ljetween the plates uniform 
so that the capacitance can be readily computed. 

While guards are often useful, they should be used 
with care lest they introduce errors which are greater 
than those they are supposed to rectify. The possi- 
biblity of errors is well illustrated by the guard-ring 
condenser. When it is used as a standard having zero 
power factor in a-c. measurements, the assumption is 
tacitly made that the potential of the guard ring is at 
eoery instant the same as the pofiential of the guarded 
plate. This requires not only that the two alternating 
potentials shall ha\te the same mpgnitude^nd be in the 
same phase, but also that they shall have the same 
wave form. Hence, not only must the impedance of 
the guard circuit be properly adjusted, but -also it 
must be protected from corona and other effects which 
would change its wave form. Again, when the guard 
ring is used to simplify the computation of the capac¬ 
itance, the edge correction is not .zero imless the gap 
between the guard and plate is infinitely narrow. 
Hence, a correction^ must, for precise work, be applied 
to the computed capacitance to allow for the finite 
width of the gap. ' " ' • 

rv. Shielding of a Space from Electrostatic 
Fields 

A given space can be perfectly shielded from external 
electrostatic fields by surrounding the space with a 
continuous metallic enclosure which is maintained at a 
de^te potential, usually at earth potraitial. Provided 
this could always be used, nothing further would have 
to^ be written concerning electrostatic" shields. The 
shield however, may react unfavorably on the appara¬ 
tus that is bring shielded. In such cases it may be 
necessary or advisable to omit the shield entirely, or 
to use less effective methods of shielding. 

The most troublesome reaction betvveen apparatus 
•and shield is caused by capacitance. The placing of a 
^grounded shield close to a piece of apparatus will very 
markedly increase not only the capacitauce to earth 
but also the capacitance between parts of the shielded 
apparatus. As an example consider k shielded resis- 
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tance coil. Often such a shield is used to make definite 
the capacitance between the different parts of the coil, 
particularly that between the terminals. However, if 
the shield is placed very close to the terminals, slight 
changes in the position of the shield (such as those 
produced by chapges in temperature) may cause 
changes in the capacitance between the terminals 
greater Chan the changes which would have occurred 
had no shield been present. This difficulty can readily 
be overcome by making the shield larger. 

V. Shielding of a Space from Magnetic Fields 

A given space can be shielded from'a constant mag¬ 
netic field only by surrounding the space by magnetic 
materials. Perfect shielding *s not possible but good 
results can be obtained by the use of suitable materials 
provided they are in the most efficient shapes. 

The shielding of spaces against the earth’s magnetic 
field is probably the oldest problem in magnetic shield¬ 
ing. It early became of importance in the design and 
use of needle type galvanometers. Hare the shielding 
might not be important if the earth’s field were per¬ 
fectly constant. However, the changes are of such long 
period that the effect of these changes can be made 
negligible only by reducing the entire field to a very 
small part of its original value. 

The early attempts at magnetic shielding consisted 
in enclosing the space in a single shell of iron." Later 
it was showfl that two or more shells could be used to 
advantjige. This problem was first treated theoreti¬ 
cally by.Riicker'^ for two and for three spherical shells. 
Later "Dubois’* gave a more complete treatment for two 
spheres and for two cylinders. Wills” extended t^is to 
cover three spheres and three cylinders. More recently 
Esmarch" and Dye” have given the general expression 
for the shielding produced by any number of cylinders 
provided their successive radii form a geometric 
progression.* 

* All of .these- derivations have assumed that the 
external field is uniform and of such a small value that 
the permeability of the shields can be considered con¬ 
stant. * Also* the shields are assumed to be concentric 
and the axes of the cylindrical shields are assumed to 
be perpendicular to the lines of magnetic force. The 

‘Assume there are » shields of permeability n, the successive 
radii (starting from the smallest) are ri, n, ... . rip. The odd 
subscripts give the inside radii and the even/«ubseripta the out¬ 
side radii. The shielding ratio, g, (= He/Hi where He is the 
external Hold and Hi is the field inside the shield) is given by 
the formula 

g = A'nriVrjn” where 

/i:„ = {2|8+[/J-l ?*m/4 } Kn-l - Kn-l 

in which 



Since K„ depends on K».i and Kn'.i, the values for Ki and Ka 
are not given by this formiila. They are ■ 

K, = 1 -I- (g - 1) m/4 

K, "»{2>-l-[g-l]>M/4lK, -g 

Dye** gives curves to aid in computing the shielding ratio. 


cylindrical shields are assumed to be sufficiently long 
so that end effects can be neglected. In practise this 
means thal the length shbuld be twice the diameter. 

The important results of the theoretical investiga¬ 
tions can be stated as follows: , 

1 . The shielding ratio (defii:ied,as the ratio of the 
external to the internal magnetic field>i8 approximately 
proportional to the permeability of the material of 
which the shields are constructed.® 

2. The thickness of the shields should not be great. 
For example, a single sp herical sh ield, the thickness of 
which is greater than V 2 riVM» (’"i = internal radius 
of shield and n is permeability), will be improved by 
removing a spherical lamina, and thus reducing the 
total amount of shielding material.'' - • 

3. For both spheres' and cylinders” the best thick¬ 
ness and spacing is that in which the radii of the sus- 
cessive bounding surfaces of the shells are in geometric 
progression. From this it follows that any increase ih 
the volmne of the space to be shielded requires the 
same rdative increase in the volume of the shields. 

Within a few years some experimental work has been 
done to determine the shidding effect of spirals made 
from high permeability material. In some cases the 
shield was made by winding in a tight spiral a single 
sheet of magnetic material. In other cases, a sheet of 
magnetic material and a sheet of non-magnetic material 
(copper or paper) wwe placed together and wbund 
into a spiral so that in the resulting shield the inagnetic 
material was interleaved with non-magnetic material. 
Characteristic results are givai in Table I. These 
results show the value of inter-leaving, though the 
exact thickness of the inter-leaving does not seem to be. 
important.'® The increased shielding that can be ob¬ 
tained by the use of the high permeability alloys of^ 
nickel and iron is well illustrated by the values of 
Hill'® for mumetal. 

VI. Shielding a Space prom Electromagnetic 
Waves 

The problem of shielding a space from electromag¬ 
netic waves depends on the frequency of these waves. 
When the frequency is very low, the electric and mag¬ 
netic fields change so slowly that the shielding problems 
are nearly identical with those for stationary fields. 
When the frequency is very high, shielding becomes a 
j^oblem in the optical opacity of materials. For inter¬ 
mediate frequencies, consideration must be given not 
only to the instantaneous values of the electromag¬ 
netic and dectrostatic fields, but also to the rate at 
which these fields are changing. 

Since in any particular case the waves emanate from 
a ainglp. electric circuit, the dectric and magnetic vectors 
at a given place have a dduute direction. In the 
nomendature of optics, theVaves are polarized. The 
three vectors which determine (1) the direction of 
motion of the wave, (2) the direction of the dectric 
fidd, and (3) the direction of the magnetic Add are 
mutually perpendicular. Hence, they may be taken as 
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Rt?f(?renee 

• 

Kind of magnetic material 

Thickness—cm. 

Weight Idles 

Inner 
diam. cm. 

Outer 
diam. cm. 

Shioldliig 
ratio 3 I/e/I/t 

Magnetic 

material 

Interleaves 

13 

15 

Trj^ns^rmer steel 

^ Cast iron 

Mumetal 

0,26 

0.26 

4. 

0.15 

0.14 

0. 

0.25 

0.6 

4. 

4. 

4. 

10. 

8. 

&. 

8. 

12. 

180 

50 

20 

^ 10,000 


»• 


the axes of a rectangular coordinate system. The 
effect of a shield will depend on its orientation relative 
to this coordinate system. 

The eddy currents which are set up in the shield 
may be produced either by the electric field of the wave 
or by the magnetic field, or by both.” The method by 
which wav^ produce eddy currenis can be made dear 
by considering some particular cases. In the complete 
^ paper, two cases are considered; viz., a system of par- 
&llel wires, and a laminated cube. 

•In order to compute the shielding which will be pro- 
. duced by any arrangement of solid metallic bodies, it 
is^ necessary first to compute the eddy currents that 
will be produced in the metal. The formula for deter¬ 
mining the current density in a particular case is gener¬ 
ally determined by the solution of Maxwell’s differen¬ 
tial equations of an electromagnetic field. It results 
that the eddy cur rents i n a massive conductor are 

alwaj^ a function^/ where / is the frequency 

of the wave, n the permeability of the material, and 
Its resistnity. This shows that the most effective 
, shielding materials are those having high permeability 
and low resistivity. 

Formulas for computing the eddy currents produced 
ta’ electnc waves have been derived in certain cases.** 
relatively few cases have the theoretical 
deduction bwn carried to a point where the shielding 
can be computed. Some experimental work** 

^ a qualitative agreement be- 
tween theory and experiment. 

\TI. LlMlTATrONS OF SHIELDING 
In. a previous section, the effect on any measuring 
apparatus of an electrostatic shield in wMch it hZ 

Srr apparatus and an electrostatic 

shield can be e^ressed in terms of the coeffidents of 
^pamtance. likev^ a magnetic shield Ta^eld 
protects against electromagnetic waves reacts 
wth tte api^tus which it is shielding. However 
*®tter eases can the amount of reaction 

beexpressedbyasimplefonnula. ““^“reaction 

.».• *»een pointed out that an electrostatiV 


As the apparatus is calibrated with the shield in place^ 
no error r&ults from the use of thersitield. However, 
the reactions are so complicated, involving eddy cur¬ 
rents, hysteresis, permeability, etc., that each separate 
type must be subjected to an experimental investigation. 

In absolute electrical "^measurements, where the con¬ 
stants of an apparatus are computed from the mechani¬ 
cal dimensions, shields must generally be avoided. As 
an example, the inductanfie of a coil can often be ac¬ 
curately computed from its dimensions. However, the 
formula for making the computation is developed on 
^e assumption that the permeability of the surround¬ 
ing space is unity; that is, that there are no rhagnetic 
bodies in the surrounding region. Evidently a mag¬ 
netic shield would vitiate this fundamental assump¬ 
tion. Moreover, the derivation of the formula takes 
no account of the capacitance between the parts of 
tte inductance. While this generally produces a negli- 
gible effect, yet the presence of an electrostatic shield 
will so increase the capacitance rbetween<parts that an 
appreciable effect is produced. Hence, an electr,ostatic 
shield must be avoided. ' 

f 

VIIL Methods for Obviating the Necessity op 
Shieiding 

Astatic instruments are often used for obviating the 
Mcessity of shielding. In an astatic piece of apparatus 
two si^ar parts are constructed. In the finished 

Su-TtSf f^ connected mechani- 

magnetic circuits are so 
airbed that an external electric oi- magnetic field 
^proto equal and opposite effects in the two 
parts. When the apparatus is placed in an, electric 

throughout the 

region wnich the apparatus oc<»imi<w ,.1 __ 



nf 4-1... • X. -‘“'•wi, uieinoications 

of the instrument. This method has been a^ST 
galvanometers and inductors. ^ ^ 

IX. Conclusion «• 

In cond^on it may be said that the general urinci 
hve apphcation hv Tnao-nc. __.. , Huantita- 



ontheapparatusis^t^eSX®^ 


» * 


r 






* 


June 1929 GAULT: RAILWAY TRAIN SIGNAL PRACTISE ’ '457 


Bibliography 

1. Price, W. A. First use of a guard in measuring insulation 
resistance. Elec. Rev.^ London, 37, p. 702; 1895. 

2. Ayrton and Mather. Develops Price’s method. Phil. 

49, p. 343; 1900. ^ 

3. Curtis, H. L. Uses guards, and when necessay shields, 
in measuring insulation resistance. Bui. Bu. of Standards, 11, 
p. 359; 1915. 

4. R^sa and Dorsey. Develops formula for a guard ring 
condenser. Bui. Bu. of Standards, 3, p. 537; 1907. 

5. Mascart and Joubert. Theory of Dielectric Shields. 
Electricity and Magnetism. London, 1883, VoL 1, Arts. 164- 
166. , % ^ 

5a. Maxwell. Theory of a Grating of Parallel Wires. 
Electricity and Magnetism, Oxford, 1892, ¥ol. 1, Arts. 203-206. 

6. Stefan.^ Theoretical treatment of a single spherical shell. 

Wied. Ann. 17, p. 928; 1882. • 

• 7. Riicker. Theoretical treatment of two and three spheri¬ 

cal shells. Phil. Mag. 37, p. 95; 1894. 

8. DuBois. Theoretical t^atment for two spherical shells 
and for two cylindrical shells. Wied. Ann., 63, p. 348,1897 and 
65, p. 1, 1898. 


9. Wills, A. P. Theoretical treatment for three spherical 
shells and for three cylindrical shells. Phys. Rev. 9, p. 193, 
1899 and ILp. 243,1907. 

10. Nichols and Williams. Experimental verification of the 
theory of Wills. Pkys. Rev. 27, p. 250; 1908. 

11. Esmatch. Develops theory for any number of concen¬ 
tric shields. Ann. der Physik. 39, p.^15'40; 1912. 

12. Coblenz. Experimental results’wifh six shields. BuL 
Bu. of Standards, 13, p. 423; 1916. 

13. Benedicks. Experimental results on shields of trans¬ 
former iron. Ann. der Physik 377, p. 236; 1923. 

14. Dye. Formula for multilamellar shielding and experi¬ 
mental results on stalloy rings. Jl. Sci. Insir. 3, p. 65; 1925. 

15. Hill, A. V. Experimental results with a laminated shield 
of “mumetal.” Jl. Sci. Instr. 3, p. 335; 1925. 

16. Thompson, J. J. Develops formulas for eddy currents 

produced by waves. Recent researches in Electricity and 
Magnetism, Oxford, p. 259; 1893. , 

17. Barfield. ExiJerimental results with different kinds of 
screens. Inst. Elec. Eng. 62, p. 249; 1924. 

18. Morecroft and Turner. Experimental and theoretical 
discussion of certain phases of shielding. Proc. Inst.^ Radio , 
j^n^.^lS, p. 477; 1925. 


$ 


Railway Train Signal Practise 

BY P. M. GAULT> 

Non-member 


Synopsis.—This is a description of an atUomaiic block signal line. Lens unit of light signal is a doublet corrunnaiton with a spe- 

system used on single trcdSc. Signals are located over or to right of dal lens for use on curves. Absolute permissive block system pro/' 

track governed. Cab signals are a development of recent years, vides head-on protection from station to station and permits following 

Indications must be easy to read. Three colors are used—red, movements with dear signals with intermediate blocl^ between 

yellow, and green. Signals are dependent upon track drcuits for stations. Tonnage markers permit heavy trains to pass red signals 

proper control and operalion. Energy for operation is supplied by on grades where, if stopped, these trains could not be started, 

storage^bafteries trickle changed from commerdol sources of alter- Signal drcuits are dedgned on the closed dreuit pnndple. An 
noting current. Current for lamps is taken directly from OrC. lines organization for construction and tJlaintencmce of a Signal Depart- 

wilh automatic cut over to storage batteries in case of failure of supply ment is outlined^ 


T he systems of signals installed along railroads for 
the protection of train movabaents is the general 
subject covered in this paper. Though the infor¬ 
mation given here applies particularly to signals used 
on the Missouri. Pacific Lines, the principles and general 
applications hold true regardless of the individual 
railroad. 

An automatic block system may be defined as a series 
of consecutive blocks governed by block signals operated 
by electric, pneumatic, or other agency actuated by a 
train, or by certain conditions affecting the use of a 
block. 

A block is a length of track of defin^ limits, the use 
of which by tiains is governed by block signals. 

Automatic block signals may be divided into four 
general types: 

1. ■ Semaphore signals whifh give their day indication 

by the position of a semaphore arm, in tiie right-hand 

upper or lower quadrant for steam roads and usually 

in the left-hand upper quadrant for electric lines. Tb^ 

night indication is given by colors. 

■ - _ _ . , 

1. SignalEiigmeer, Missouri Pacific IdnoB, St. Louis, Mo. 

Presented at the Regional Meeting of the South West District of the 

A.I.E. E., DdUai, Texas, May 7-9,1999. Printed comply herdn. 


2. Color light signals which give the indication by, 

the color of a light, day or night. , 

3. Position light signals which give the indication 
by the position of a row of lights day or night. Aspects 
of position light signals have the same position as the 
day aspects of semaphore signals. 

4. Color position light signals which give tiieir 
indications by a combination of color and position of 
lights. 

Signals are located preferably over or to the right of 
the track which they govern. In recent years there 
h^ve been several installations of cab signals placed in 
operation. These signals may be of any of the above 
four types, in miniature, and are located on the engine- 
man’s side of the cab where they will, at all times, be 
within his range of vision. If desired the signals may 
be duplicated and one placed on the fireman’s side of 
cab as an extra precaution. 

A cab signal, like a wayside signal, to be of any value . 
as protection against the accideni^ which automatic 
signals are designed to prevent, must at aU times be 
directly retentive to conditions ahead of a train which 
may affect its movement. The particular advantage 
of a cab signal is that it goes right along with the loco- 
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motive and gives immediate warning in case of a dan¬ 
gerous condition ahead. 

The cab signal has been developed in connbetion with 
the continuous systems of automatic train control, 
which have been installed within the past •five years as 
a result of certain prd/srs of the Interstate Comma’ce 
Commission. To describe this development fully 
would require more time than we have available so I 
will confine my remarks to the automatic block system 
using wayside signals. 

The indications given by automatic signals are com¬ 
paratively easy to read,—in fact, this is a fundamental 
requirement for the reason that the engineman of a 
high-speed train must know immediately, exactly what 
information it bas to impart so that he can act at once 
to properly control his train. 

In all of our new installations on the Missouri Pacific 
Lines we are using the color light type of signal. Three 
colors areprovided which, unless otherwisemodified, are: 

Red —Stop 

Yellow —Proceed at Restricted Speed 

Green —Proceed 

These are the indications to the engineman and tell 
him what he is to do. Stated in another way, the red 
light indicates that the block immediately ahead is not 
clear, either it is occupied by a train, a switch is open, a 
car is not in the clear on a turnout, a rail is broken. Or 
there js some other condition existing which requires 
restri^on of movement. A yellow light indicates that 
the first block ahead is clear, but the next signal is red 
so that the engineman must have his train under control 
and be prepared to stop before the next signal is reached. 

- A green light indicates that the next two blocks ahead 
are clear; the way may be clear for a greater distance 

- but this is a minimum. In locating signals it is always 
.best where conditions will permit, to space them not 
less than braking distance apart for the train which 
requires the greatest distance to stop. If it is not 
practicable to do this, it is necessary that control of 
signals be arranged so that trains will receive a so-called 
caution indication at a point which is braking distance 
or greater from the stop signal. 

Various means of controlling signaling devices had 
been tried out in the early days of the art. Some made 
use of time elements which were actuated by a train 
as it passed; others provided a trip device, whysh 
counted a train into a block and then counted it out 
at the other end. All of these schemes were open to 
serious objections, for if a train stopped in a block, or 
left cars in a block, or if a wire was broken, a following 
train would receive a dear signal. 

Beginning about 1867, William Robinson enta’ed 
actively into the development of a signal system. Afta* 
r^lizing the serious objections to the various schemes 
proposed, he developed a closed rail track circuit sub¬ 
stantially as it is today, and in 1871, applied for a 
patent to cover; this patent was issued August 20,1872 
and reissued July 7,1874. 
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All automatic block signals depend for their propm* 
functioning upon a track circuit. It is the most im¬ 
portant part of the system; upon it we depend to 
coordinate the signal system with the moving train. 

The Signal Section, A. R. A., defines a track circuit 
as “an electrical circuit of which the rails of the track 
form a part.” * 

Most steam roads use the direct current tragk circuit 
although alternating current is used on a goodly mileage 
and must be used on electric lin® where d-e. propulsion 
is used. , ' 

The essential parts of a track drcuit*are a source of 
electrical energy, rails, bonding, relay, and insulated 
joint. 

For d-c. track circuits, various types and arrange¬ 
ments of batteries are used to supply energy. A few 
years ago gravity batteries were largely used for this 
purpose; then followed the^caustic soda cell, which has 
been and continues to be very popular. Of recent 
years the storage battery, tridde-charged, has been 
used in many installations. 

The rails of a track circuit provide an easy path for 
the flow of current from the battery, but it is necessary 
to provide some sort of bond around the angle bars 
which are used to splice the rails -together. Various 
types of bonds are used, ranging from two No. 8 B. W. 
G. EBB. galvanized wires, fastened to the rail with 
channel pins, to a short copper stranded bond which is 

wdded to the rail. , 

^ • • 

The relays used with d-c. track circuits must operate 
on comparatively weak currents which flow threugh the 
rails. Various resistances have been used* but the 
Signal Section of the American Railway Association 
recommends that relays be 2 or 4 ohms. 

The opiating characteristics of a standard new track 
relay of fom ohms resistance are pick-up maximum 
0.078 amperes, working current maximum 0.120 
amperes, drop-away minimum 0.037 amperes. This is 
a relay having four front contacts and two back 
contacts. • * . 

The condition of the ties and ballast have consider¬ 
able bearing on the operation of the track, circuit. 
Where cind«’ ballast is used and it is no*t clear of rails 
the resistance between the rails, ballast resistance, may 
run as low as two ohms per thousand feet of track in 
wet weather; with rock ballast in good condition, dry 
weather ballast resistance may run as high as 100 ohms 
per thousand f€et of track. ^ 

With either storage battery or caustic soda battery, 
it is necessary to use a fixed resistance in series with the 
battery to limit the fiow of current to rails when the 
track is short circuited either by a train or unfavorable 
ballast conditions. This is not necessary with gravity 
jDatteries on aecoimt of thrir high internal resistance. 

The author has gone somewhat into detail in describ- 
Cing the track circuit for the reason that it is absolutely 
necessary to understand its operation to get the full 
benefit of the description of the signal system. 
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Referring to our description of the track circuit, we done at the cost of loss in beam intensity; however, 
see the following possibilities. A broken wire, a broken long range signals are rarely required on curves so that 
rail, a broken battery jar, a shunted track, or a mis- this is not objectionable. ^ 

placed switch (each switch is provided with a circuit On our single track we are using a scheme of auto¬ 
controller which shunts the track when switch is open matic signaling which has been termed the absolute 
iiTil Pig! otherwise provided) will cause the track relay permissive block system,” Fig. 2. • The name refers to 
to become deenergized and its contacts to open. Sig- the manner of conta-olling the sfgnhls^and has nothing 
naig max be controlled through as many track circuits whatever to do with the construction of the signals, 
as desired and thus the signal will correctly tell us the It may be described as a system of signaling, which 
condition of the track for a predetermined distance provides absolute or positive blocking for opposing 
ahead. * train movements between fixed locations, usually 

Relays whicH repeat the track relays and which are passing tracks, but which will permit following train 
energized over line wires are used where it is necessary movements between these same two locations. It 
to repeat more than one track relay or where a signal is may best be described by an example, 
to be controlled through some,distant function. Assume two passing tracks T and R, five *^1®® 

• The new signals which we are using on the Missouri apart. A pair of signals will be located at each end of 
Pacific Line are, as stated before, of the color light type, each passing track and the five-mile section between 


Each unit is provided with a 10-volt, 18-watt lamp. 
These lamps are burned at slightly less than nine volts 
in order to get long life. Where local conditions will 
permit, we light them automatically on the approach 
of a train; normally they are dark. 

Any signal of this type to give a good indication must 
be properly lined with respect to an approaching train; 
it must also be so Constructed that all units will give 
their maximum indication at the same point. Pro¬ 
vision must be made to renew lamps without disturbing 
the focusing of the signal. We are using a rebased lamp 
in our signals. This is a lamp winch has the bayonet 
collar soldered on in such a way that the pins are always 
in exaotly the same location with respect to the fila- 
ment; 3 each socket bein^ carefully located with respect 
to the lens unit, lamps may be replaced without intm*- 
fering with the focusing of the unit. 

A brief description of the lens unit. Fig. 1, of the signal 
we have used in our latest installations may be of 
interest. It consists of a doublet lens unit with a fixed 
light source, the lamp filament. The inner lens of the 
doublet combination is of high transmission colored 
optical glass, vdiich determines the color of the signal 
indication. This inner lens is of very short focal length 
and therdore intercepts a maximum quantity of the 
light rays from the filament of the lamp, which is 
located at its focal point. These rays are bent by 
refraction so that they are directed upon the outer lens 
at angles coincident with its focal point and they emerge 
from the outer lens in practically parallel rays, forming 
a cylindrical ^beam of colored light. Where a modifi¬ 
cation of theWm is necessary to meet condition found 
on a curve, a roundel or cover glass is used to spread 
or d^ect the light beam. The structure of the entire 
unit is such that the axial oenter of the light and the 
lenses and the focal length of the lenses are accurately 
positioned and permanently held in th^ir proper fixed 
relation to one another. Lenses employed have a total 
spread of three to four degrees, but when necessary 
this spread can be increased to 20 or 30 degrees by the 
use of defiecting roundel mentioned above. This is 



passing tracks may be divided into four blocks, which* 
will require three pairs of intamediate signals. The 
leaving signal at each passing track will have, some* 
special designating mark; we use a large letter A, whi(^ 
is backed with reflecting glass. When this signal is 
red, trains may not pass it after stopping unless author¬ 
ized to do so by the dispatcher or when preceded by a 
flagman. This is the absohde signal. All of the others 
are permissive signals, that is, a train finding one of 
them red must, unless otherwise provided, stop, after 
which it may proceed at slow speed expecting to find a 
ti-ain in the block, a broken rail, or some condition 
affecting the movement of the train. A train leaving T 
will set all opposing signals between T and R red so 
that it is protected against any opposing trains. Firstly 
theabsolutesignalat Bis red and this is a “stop” signal, • 
but further protection is given for the case where both 
trains happen to pass the absolvie signals at the same 
instant, because all other opposing signals will stop the 
opposing train. This protection results when the train 
sets all opposing signak between T and R red. As the 
train proceeds through the •territory from T to B, it 
is protected in the rear by one red and one yellow signal 
so that following or permissive moves may be ma^e. 

There are locations at which; if a heavy train is 
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stopped, it will be xuia.ble to proceed without doubling 
or without a considerable loss of time and fuel and with 
possible damage to equipment. When necessary to 
instaU a permissive signal at one of these places, we 
provide on ^e pole below and to the right of the light 
unit, a special designating marker consisting of a letter 
T, which is constryetfed similar to the A described above. 
Any train with over 75 per cent of the tonnage rating 
of the locomotive, may pass a signal equipped with this 
tonnage marker when the red light is burning, but must 
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98 Is less than 2640 ft., distance controls 
?. In rear Of opposing absolute signal as shown. 

Note 2. and dash lines marked "following moyes" and "opposing 

se^n wMoh. ttoooupied by a train. wiU cause the signal to glye a stdb 

section coyered by the dash line 
Each signal is numbered for identification. 

proceed at slow speed prepared to stop short of another 
train or an obstruction. 

Th®e is another type of single-track automatic 
signaling known as the "overlap system.” In this 
schme a train moves in a Urotected zone which extends 
both ahead and behind a sufficient distance, so that it 
includes |Doth a red and a yellow signal. This system 
of signaling is perfectly safe and is used on a la?ge 


mileage; it is claimed, however, that it will limit track 
capacity more than the absolute permissive system. 

One of the rules of the operating department of a 
railroad is that a signal imperfectly displayed or the 
absence ®f a signal at a place where a signal is usually 
shown, must be regarded as the most restrictive indica¬ 
tion that can be given by that signal.' 

In so far as practicable, every signal and every signal 
circuit is designed on this same principle; that is, the 
failure or removal of any part will result in a more 
restrictive indication. Every detail inust be watched 
to see that all of the devices will operate under widely 
varymg conditions of service such as temperature and 
humidity variations, size, weight, and speed of trains, 
etc. ^ 

A very careful record is kept of the failures of the- 
apparatus to function as intended. Inasmuch as every 
failure may mean a train delay, it is vital that these 
reports be watched carefully, each failure studied and 
co^ctive measures applied as quickly as possible. 
It is to the credit of the designers of the apparatus and 
the maintenance forces of the railroads that aignai 
performance records are very high. It is not unusual 
to have 100,000 operations per failure on a division 

andaveragesforanentiresystemfreqhentlyrun this high. 

As you no doubt realize, it requires a considerable 
organization to look after the insolation and mainte¬ 
nance of the signal system of a large railroad. This 
work is handled by a^sub-department of thq engineering 
department on most railroads. A signal eng i Tifi«.r heads 
the org^zation and he and his staff are responsible for 
the design, construction, and mmntenance of all signals, 
interlocking plants, and highway crossing protection. 
The field work is handled by men reporting to division 
supervisors of signals. Each maintainer and his 
assistant are given from 20 to 40 miles of ai' gnaia to 
maintain, depending upon the amount of other 
appara^, sucffi as interlocking and highway crossing 
protection, which is located in the territory. 

Accordmg to the report of the Interstate Commerce 
Commission, th«-e were as of January 1, 1928, 53,616 
^les of automatic block signals in service in the 
Umt^ States. At that time there wm-e 1^9,154 miles 
of railroad over which passenger trains wm-e being 
operated. This excludes lines which operate only one 
locomotive. During tiie five year period ending Janu- 

automatic block signal mileage increased 
12,089 miles. » 

W® have more than 1700 miles ofUe Missouri 
Pacific on which automatic signals are either in service 
or under construction. 

This paper merely touches on some of the more 
import^t features of an automatic block system, 
in^loclong p^nts, highway crossing protection, and 
afitoniatic train control devices, all of which are closely. 
related to the automatic signal system, form a large part 
of the work of the signalman. Each of these subjects 
would be worthy of a separate description. 
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Electrical Wave Analyzers for Power 

and Telephone Systems 

BY R. G. McCUROYi and P. W. BLYE‘ 


Member, A. I. E. E. 

Synopsis.—This paper describes two types of electrical analyzers 
which have heen developed for the direct mea^rement of harmonic 
components of voltage and current on power and telephone systems. 
These devices are assembled ‘mechanically in a form suitable for 
Hse in either the laboratory or in the field. Both instruments, which 
differ chiefly with r^p&ct to sensitivity and input circuit arrange- 
ment, employ multistage vacuum tube amplifiers and two duplicate 
interstage selective circuits. 

The power circuit analyzer is designed to measure harmonic 
voltages in the frequency range from to 3000 cycles, and over a 
volfage range from 0.6 millivolt to 60 volts. The telephone circuit 
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analyzer operates over the same frequency rdhge and measures 
harmonic currents as low as 0.06 microampere and voltages as small 
as 0.006 millivolt. Both analyzers are adapted to measure small 
harmonic voltages and currents in the presence of the fundamental 
component and other harmonics relatively large in magnitude. 

A number of devices are described which have been adopted for 
eliminating various sources of error. The paper presents in detail 
the characteristics of both instruments with respect to selectivity, 
sensitivity, linearity, balance of input with respect to ground, genera¬ 
tion of harmonics and susceptiveness to stray fields. 


Introduction 

HE solution of many problems in electrical engi¬ 
neering, involving currents and voltages of com¬ 
plicated wave-shapes, can be carried out most 
practicably by a study of the individual sinusoidal com¬ 
ponents into which these complicated waves may be 
resolved. This is ptirticularly true in the case of 
problems dealing with the inductive coordination of 
power and telephone systems, since the induced noise 
in telephone circuits occurs largely at frequencies cor¬ 
responding to the harmonic components in the current 
and voltage waves of neighboring powCT systems. 

In r^ant years, many of the development and re¬ 
search problems in inductive coordination, with which 
the Bell System has been concerned, have required an 
accurate and comparatively rapid field method of 
analyzing complex waves. The analyzers which are 
described in this paper have been developed to meet 
the particular requirements of these studies. The 
development of these instruments has proceeded in 
dose association with the progress of the field work and 
modifications were made* in the designs from time to 
time as necessitated by the requirements of the work. 
This hasj*esulted in the production of two types of 
analyzers one of which is particularly adapted for use 
with suitable instrument transformers and shunts on 
power drcuits, and the other for use on telephone 
circuits. For convenience, these have been termed the 
power drcuit analyzer and the telephone circuit 
analyzer. ♦ 

These analyzers have been in active service in the 
fidd for some time and have permitted the obtaining 
of many valuable data as to coeffidents of induction 
between power and telephone systems, the wave shape 
of power machinery and systems, and analyses of noise 

1. Am. Tel. & Tel. Co., New York, N. Y. ■* , 

Presented at the Summer Convention of the A. I. E. E., Swamp- 
seqtt, Maas., June S4-^8,1929. Complete copies upon request. 
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currents on’telephone circuits. They are arranged in, 
suitable form for use in either the laboratory or in the 
field and in some instances have been mounted in spe- 
dally equipped testing trucks. 

Aside from their use in this work on inductive co¬ 
ordination, it is fdt that the instruments may have a 
field in other power and communication problems in 
which a knowledge of the magnitudes of harmonic 
voltages and currents is important or where measure¬ 
ments at single frequencies are desired in the presence 
of extraneous voltages and currents as large or ligrger 
than the sin^e frequency it is desired to investigate. 

The over-all accuracy of an instrument of this type 
depends upon the conditions surroimding its use. 
These indude the magnitude 8f the component being 
measured as compared to the magnitudes of the funda¬ 
mental and other harmonics present, the relative 
magnitudes of the voltage across the terminals of the 
instrument and the voltage between these terminals and • 
ground, and the severity of stray fields from nearby 
power drcuits. Und^ average conditions, the analyz¬ 
ers which are described in this paper should give results 
with an over-all accuracy of within ± 5 per cent of 
the quantities measured. By means of these instru¬ 
ments it is possible to make a complete analysis of a 
complex wave over the frequency range up to 3000 
qydes in from 30 to 45 min., depending upon the 
number of harmonic components present. The working 
up ef the results in terms of volts and amperes consists 
in multipl 3 dng together not more than three quantities. 
The obtaining of a complete harmonic analysis in terms 
of volts or amperes should not, therefore, require more 
tiian one man-hour. , The apparatus is so arranged that 
practically simultaneous andyses may be made of a 
number of currents or voltages. 

General 

* As stated above, two general types of analyzers, have 

%been developed, the first being designed for use on 
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power systems, while the second, a more sensitive in¬ 
strument, is intended primarily for measuring currents 
and voltages of the magnitudes commonly experienced 
on telephone systems. 

The requirements of both types of analyzers, with 
respect to selectivity and at the same time insensibility 
to commercial freqtieficy variations, are practically the 
same. Therefore, the same selective equipment, de¬ 
signed to give a response curve which is parabolic in 
form, has been employed in both instruments. Other 
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Fig. 1—Schematic Diagram of Analyzer Circuit 

requirements which have been particularly* considered 
in the development of the analyzers have to da with 
sensitivity, impedance of input circuits to be provided, 
insensibility to stray fields and the limiting of harmonies 
generated within the instruments due to modulation 
effects. In both analyzers and in the telephone 
analyzer in particular, special consideration has been 
given to the matter of input circuit balance with respect 
to ground. This is in order that the accuracy of mea¬ 
surement may not be impaired when the voltage across 
the lAput circuit is small as compared to the voltage 
between the input terminals and ground, a condition 
which frequently obtains on telephone systems. The 


circuits, the vacuum tube amplifier and its incidental 
control apparatus. 

Harmonic Selector. These analyzers employ as ji 
selective device two independent tuned circuits operat¬ 
ing in tgjidem. The effect of the two circuits in tandem 
is to discriminate against extraneous harmonic cfHU- 
ponents close to the tuned frequency in proportion 
to the square of the differences between their fre¬ 
quencies and that'to which the circuits are tuiJed. *rhe 
response curve obtained with such an arrangement, is 
therefore approximately parabolic in form, being 
relatively ^at in the immediate neigt>borhood of t he 
tuned frequency and falling off extremely rapidly at; 
frequencies substantially different from that at wdiich 
the circuits are in resonance. 

On account of the errors which would result from 
small frequency variations, the maximum selectivity 
available with two tuned circuits of this type cannot 
generally be used practicaSly on commercial sy.stems. 
The A curves in Pig. 4 indicate the over-all degree of 
selectivity obtained with the analyzer with padding 
resistances in series "with the two resonant circuits to 
degrade the selectivity somewhat, this being the ar¬ 
rangement commonly used. The B curves indicate 
the selectivity with these resistances short-circuited. 

A schematic circuit diagram of a single section of tin.* 
harmonic selector unit is shown in Fig. 6. As is in¬ 
dicated in this figure each section consists essentially 
of a series resonant circuit consisting of a fixed induc¬ 
tance and an adjustable capacity. This resonant 
circuit is coupled to the plate-filament circuit of Ihc 


methods employed in meeting these various require- preceding amplifying tube by a condenser of relatively 


ments and their effectiveness will be discussed in detail 
below. 

Electrical Circuit. Each analyzer consists essentially 
of a multistage vacuum tube amplifier equipped with 
suitable controls, a* measuring dial and associated 
multipliers, a calibrating circuit and a sensitive d-c. 
indicating meter operated by a thermocouple in the 
output circuit of the amplifier. Selectivity is afforded 
by means of duplicate tuned circuits inserted between 
stages of the amplifier. A schematic diagram indicating 
the general arrangement of the analyzer circuit is shown 
in Fig. 1. 

The particular circuit features of the power and 
telephone analyzers will be discussed in the following 
sections of the paper. 

Mechanical Arrangement. For convenience in trans¬ 
porting and setting up the apparatus in the field, each 
type of analyzer has been assembled in two units, known 
Tr and the.“harmonic selector 


low impedance (4.5 gf.) which is common Co both 



PiQ. 3 —Power Circuit Analyzer and OALinKATtN<i 
Oscillator 

OTcmte. The voltage across the inductance branch 
IS utilized as the output of the tuned circuit and is 


Unit*’ ^spe^tivdy. The .recto;;mr^ 

the telephone and power circuit amplifiers are identical eaudiSjf together with an 

A completdy assembled power analvzer tov^thw m+i, network gives an amplification-tuned fre- 

its calibrating oscillator.4« ^b^<^tmstic wWch is relatively flat, 
the lower unit is the harmonic selector and includes all harmonic designed for use with the 

the equipment making up the selecti^ cSS tS • systems, three inp 

upp«is.bea„.pM.»,,t„a includes the 


1 , * - jLuji use witn tn€* 

harmomc selector on power systems, three input circuits 
are provided for measuring power circuit voltages 
currents, and small voltage across shunts, respectively! 


I 
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The impedances *of these three circuits and the sensi¬ 
tivities available are as follows: 


Quantity Input Minimum measurable 

measured impedance current cx voltage 


Voltage. 10,000 olims 0.05 volt 

Current. 0.2 ohm 2.5 milliamperes 

Millivolta. 1,000 ohms (Appro;S.)) 0.5 millivolt 


input circuits are shielded and accurately balanced with 
respect to ground. As an example, the degree of 
balance attained in the iijput circuits of one particular 
instrument is indicated in the following table: 

Apparent voltage across measuring circuit 
per volt above ground 


Frequency Current and Voltage 

<^per see. millivolts circuit circuit 


At fundamental frequencies the minimum measur¬ 
able voltages ^isd currents are ten timeS those given 
above. 



Fig. 4— Selectivity op Two Sections op Harmonic Selector 
IN Tandem 


Selectivity » 


Response at Tuned Ifaequeiicy (F )_ 

Response at Extraneous Frequency (T) 


A schematic diagram indicating the general arrange- 
ment of the input circuits in the power amplifier is 
given in iHg. 8. These circmts are deagned to measure 
harmonic components over a range of from 1 to 1000 



Fig. 6—Single Section op Harmonic Selector—Schematic 


times the current and voltage values given in the above 
table. Errors due to non-linearity in the input drcuits 
over this range do not exceed approximately ± 3 per 
cent at frequencies from 120 to 3000 cycles. « 

In order to avoid errors due to the effects of relatively 
large voltages to .ground on the input terminals the 


180 

540 

1020 

2100 

3000 


0.000007 

0.0007 


0.000008 

0.0008 


0.000013 

0.0014 


0.000021 

0.0022 

y 7 

0.000024 

0.0027 

1 


In order to avoid the generation of harmonics of 
appreciable -magnitudes within the analyzer itself due 
to modulation effects, it was found necessary to provide 
special devices for suppressing the fundamental cofti- ’ 
ponent of the wave under analysis and for balancing 
out harmonics generated in the input transformers. , 
These means for controlling the generation of 



Fia. 8—^PowBii Analtzbe—Jnptjt Cibcijit—Schbmatio 


harmonics have proved very effective. In one partic¬ 
ular instrument the generated harmonics observed in 
the case of a 60-cycle fundamental voltage of 102 volte 
were as follows: 


Fundamental - 

voltage 2nd 


Per cent generated harmonics 
3rd 4th 5th 6th 7th 9th 


102volts. 0.07 0.08 0.008 0.02 * 

•T’nn smelt to measure—^less than 0.01 per cent. 


The power amplifier unit is specially shidded against 
stray electrostatic fields at all susceptible points with 
copper shieldiug. Similar shields of annealed iron are 
provided with all susceptible wound apparatus as a 
protection against stray electromagnetic fields. A 
large number of J:este carried on in ^e field indicate 
that the analyzer is suffidently well shielded for general 
use in the vicinity of power apparatus. 

A circuit diagram of the amplifier which is used in 
conjunction with the mput’circuite described above is 
shown in Fig. 9. This portion of the circuit is identical 
in both the powor-circuit amplifier and the telephone- 
circuit amplifier which is to be described below. 
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Telephone Circuit Amplifier 
The amplifier which has been designed for use with 
toe harmonic selector on telephone systems differs 
from the power-ejrcuit amplifier chiefly in the matter of 
Mnsitavity and in the arrangement of its input circuits 
A schematic diagram of the input circuit of the tele- 


between voltage to ground and metalhc-dircuit voltage 
which usually exigt on telephone lines. 

The degree of balance attained in the input circuits 
by careful shielding and the use of special transformers 
IS indicated in the following table: 



Quantity 

meastired 


Input 

impedance 


Minimum measurable 
current or voltage 


. 6 ohnm 

Voltages. eOO ohms 

Voltages. 120,000 ohms 

Voltages. 1.000,000 ohms (600 cycles)* 

Power Voltages. 100,000 ohms 

. eoo ohms 

Currents. 1,200 ohms 

. 1,800 ohms 

Currents. « ojims 

Doams u.o nncroamper© 

f of0.00025 M f. to series Trith the 120.000 ohms of the 


0.006 miUlvolt 
0.05 millivolt 
0.6 millivolt 
6 . 

0.05 volt 
0 .06 microampere 
0.035 microampere 
0.03 microampere 
0 .6 microampere 


The minimum measurable currents and voltages at 
fimdamental frequencies are ten times those tabulated 
above. 

The input circuits of toe telephone-circuit Mnplifier 
have been found to operate satisfactorily over a range 
of Clients and voltages from 1 to 2000 times those 
tabulated above. 

The balance of the input circuits with respect to 
ground is an important feature in the case of the 
telephone-circuit amplifier in view of the large ratips 


Input circuit 


Frequency 


Apparent voltage 
across circuit per 
volt to ground 


Pro. lOS^TBUiPHONE Analtzeb—Input Cibcuit-Sohbmatic 


phone circuit amplifier is shown in Pig. lo. As is 
indicated in this diagram toe input circuit is provided 
^th twee individual transformers by means of which 
toe following circuit arrangements and sensitivities 
are obtained: 


Curreat (6-ohm). 

Current (6-ohm). 

Current (600-ohm)_ 

Current (600-ohm). 

Voltage (120,000-ohm). 
Voltage (120,000-ohm). 

Voltage ( 0.00026 nf.)... 

Voltage (0.00026 m f.)... 

Power voltages'.. 

Power voltages. 


3000 

0.0000015 

540 

0.00000035 

3000 

. 0.000012 

540 

0.000002 

3000 

0.00029 

540 

• 0.00002 

3000 

0.0046 

540 

0.0042 

3000 

• 0.025. 

540 

0.001 


is indicated in the circuit diagram of Pig. JLO a 
high-pass filter consisting of a series condenser Tif 1.6 
nucrofarads and a shpnt inductance of 0.5 hfensy is 
included in thednput circuit. This filter is effective 
on systems haying a fundamental frequency of 60 
cycles or less, in suppressing the fundamental com¬ 
ponent of toe complex wave under analysis. The 
generation of harmonics in toe analyser due to modu¬ 
lation effects is, therefore, practically confined to the 
input tranrformers. 

The generated harmonics in orlfe particular telephone- 
circuit amplifier unit, expressed in per cent of the funda- 
ni6iital component are as follows: • 


Olrcuit 


Fundamental _ 

component 2nd 


Per cent generated 
harmonic 


3rd 6th 


Current (600-olim). 0.001 

Current (6-ohm).. o.Ol 

Voltage (120,000-ohm) 10 
volts... 


ampere 

ampere 


0.28 

0.25 

0.25 


0.27 

0.26 

e 

0.26 


0.049 

0.05 


7th 

0.006 

0.009 


0.06 0.007 


While the telephone circuit amplifier is not ordinarily 
expM^ to stray fields of large magnitudes, the instru¬ 
ment has been toielded at susceptible points in much 
toe same mann^ as the power analyzer. Tests in the 
laboratory and in the field indicate that except under 
unusually severe conditions the shielding is sufiicient to 
pemut the use of the analyzer in the vicinity of nower 
apparatus. 
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Field Tests Made With Oscillograpfh 


BY E. J. BURNHAMS 
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J.’R. NORTHS 
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1. p. DOHR» 
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SynoPsis.—This paper describee elaborate and severe field tests performance of this equipment are included, together with a dis- 
mad^ on hi^h^speed excitation equipment u^d with a BSSS-dcv-a* cussion of the results obtained, 
turbo generator. Complete oscillograms and curves showing the * * « « « 


D uring 1928, high-speed excitation equipment 
was provided for a 5385-kv-a: house turbo 
generator, which is used for suppl 3 ring power to 
essential auxiliaries at the Sagiiiaw River Steam Plant 
of the Consumers Power Company. Elaborate field 
tests were made on this regulating equipment, constitut¬ 
ing the most severe tests mad^ on a machine of such size, 
and the results are indicative of those which may be 
obtained on the larger size generators. 

Description of Installation 
The No. 1 house turbo generator on which these 
tests were made is a General Electric unit rated 5385 
kv-a., 3500 kw., 0.65 power factor, 2500 volts, 3600 
rev. per min., 60 cycles and has a direct connected 
exciter rated 33.5 kw., 250 volts, fom*-pole, shunt wound. 

The house turbo generators supply power to the more 
essential station auxiliaries consisting of boiler feed 
pumps, draft fans, circulating p^ps, condensate 
pumps,* etc. All motors used with these auxiliaries 
are started on full voltage and the larger ones of 400- 
hp. capacity are of the squirrel-cage tsrpe. ^he house 
generators may be operated in parallel with or isolated 
from the rest of the system. 

A General Electric Type PA-1 high-speed generator 
voltage regulator is provided to control the excitation 
of the No. 1 house generator. This regulator is 
equipped with a three-phase torque motor control 
and rheostatic follow-up features. 

Requirements 

This high-speed excitation equipment was installed 
to accomplish the following; 

a. To accurately control the a-c. voltage under 
all conditions of picking up and dropping load 
without disturbing the operation of the other 
station auxiliaries operated from the ^me machine. 

b. To obtain a high speed of excitation re¬ 
sponse in connection with this generating unit in 
order that even the largest induction motors 

1. General Electric Co., Schenectady, New York. 

2. Stevens and Wood, Incorporated, Jackson, Michigan. 

3. Consumers Power Company, Jackson, Michigan. 

Preaenled at the Regional Meeting of the Middle Baelem District 
of the A. I. E.E., Cincinnati, Ohio, March SO-SS, 19S9. Complete 
copies upon request. 


(400 hp.) used for station power service could be 
satisfactorily started at full voltage with minimum 
disturbance. 

c. To obtain.first hand information concerning 
the operation of this t3npe of quick response regu¬ 
lator, particularly regarding its speed of operation, 
precision, and stability of operation. 

• Design op Regulating Equipment 
In order to meet the above requirements, a quick- 
response excitation system was provided consisting of 


Generator 
2500 volts 


'sssusi 




Pig. 1—Diaqram op Regulatob and Test (connections 
Saginaw River Steam Plant 

an exdta* with a high speed of voltage build-up and a 
high-speed regulator. The exciter is self-excited and 
has a speed of voltage build-up of approximately 
1000 volts per second over the operating range. 

Fig. 1 shows a simplified diagram of connections of 
the house generator excitation system and the FA-1 
regulator. Figs. 2 and 3 show illustrations of this regu¬ 
lating equipment. The main control element consists of 
a d-c. system and an a-c. system and includes two lever 
arms, one controlled by a three-phase torque motor and 
the other by a d-c. magnet. A contact on the a-c. lever 

• arm floats between two contacts on the d-c. lever arm. 

• The torque motor is energized from two potential trans- 


4 


%9 

9 


t 
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formers which are connected to the three phases of the 
alternator, thus giving three-phase control. The d-c. 
magnet is connected across the armature of'the exciter 
and provides the necessary anti-hunting feature and 
also the vibrating of paain contacts. 

Quick response imthfe regulator is obtained by use of a 
spring dashpot Connected to the a-c. lever arm of the 
main control element. The springs in the dashpot 
allow either main contact to dose without waiting for 
the movement of the diaphram in the oil dashpot. 



Fig. 2—^Peont View or Reottlatob Main Control Element 

* 

This dashpot tends to stabilize the operation of the 
main contacts. This spring dashpot can also be 
applied to the vibrating type of regulator to obtain 
quick re^onse. • 

• The anti-hunting feature is provided by means of the 
d-c. coil on the main control element. This d-c. ele- 
» ment opens either the upper or lower main contact, 
•after such contact is once made by the torque motor. 

OraiRATioN OP Regulating Equipment 

With the a-c. voltage of the alternator normal, the 
main control element is in equilibrium, and the regulat¬ 
ing equipment remains at rest. A decrease in a-c. 
_ voltage causes the torque motor to dose the upper 
main contact, thus energizing contactor R, whi<i in 
turn short-circuits rheostats r and / causing an increase 
in excitation. Upon ah increase in a-c. voltage, the 
lower main contact doses, thus energizing contactor L 
which inserts rheostat I in the exdter field circuit* to 
decrease the excitation. 

For a decrease in a-c. voltage, the upper main contact 
and contactor R will open and dose, tints functioning 
as a vibrating type regulator until the a-c. voltage 
returns to normal and the main elementis in equilibrium. 
In the same manner, an increase in a-c. voltage will 
cause vibration of the loTjer main contact and contactor 
L until the a-c. voltage returns to normal. 

Each time that eitiier high-speed contactor, L or R, 
is operated, an auxiliary contact energizes the motor of 
the motor-operated rheostat in the correct direction 


to bring the a-c. voltage back to normal, and the equip¬ 
ment back to equilibrium. 

Field Tests on Regulating Equipment 

An estensive series of field tests was conducted on 
this regulating equipment to enable it to be adjusted 
under actual service conditions and to obtain detail 
information regarding its operation. These tests 
consisted of suddenly picking up or dropping large 
amounts of load with the excitation of the generator 
under regulator control, and also with fixed excitation.- 
Complete oscillographic records wer'e ebtained as well 
as graphic voltmeter charts and readings on indicating 
meters. The operation of the regulating equipment 
when the generator was,paralleled with the rest of the 
system was also recorded. 

Load was suddenly applied by starting one or two 
400-hp. motors simultaneously at full voltage. Starting 
two motors simultaneously was equivalent to a momen- 



Test No. 7 

Generator isolated and canying no-load 
Regulator in service 

Started No. 8 and No. 6, 400-hp. motors 



Test No. 8 

Generator isolated and canying no-load 

Regulator not in service 

Started No. 3 and No. 6, 400-hp. motors 

Fia. 4--^scillogeams op Tests Nos. 7 and 8 

r 

tary load of approximately 7500 kv-a. or approximately 
130 per cent generator rating at approximately 35 
per cent power factor lagging. The motors came up to 
speed in a very short tftne, approximately one second 
with the regulator in service and two seconds with fixed 
excitation, aiKi their load demand dropped rapidly to a 
low value as soon as they came up to speed. Load was' 
^suddenly dropped by opa-ating the generator paralleled 
with the system and carrying load, then suddenly 
opening the generator oil circuit breaker. 
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DikiussiON OF Results 


From the curves, Figs. 8 to 11 inclusive, the results 
obtained with and without the regulator can be com¬ 
pared for the different test conditions. 

As previously pointed out, the starting of ^wo 400- 
hp. motors at full voltage constituted a load of approxi¬ 
mately 7600 kv-a. at approximately 35 per cent power 
factor lagging. The inrush current *o the motors upon 
starting is practically .all wattless; therefore the duty 
^upon the generator is severe as far as maintaining 



Fig. 8 
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a-c. voltage is concerned because of the highly demag¬ 
netizing action of the armature current. The maximum 
momentary value of inrush current wa%the same willi 
fixed excitation as with the regulator in service and was 
approximately 145 per cent of the generator current 
rating when starting two motors. It was approximately 
100 per cent of the generator current rating when 
starting only one motor. 'V^'ith fixed excitation this 
current continually decreased in value after the first 
instant. However, with the regulator in'service it wa^ 
maintained near its maximum value until the motors 
approached full speed. 

Fig. 8 shows the results with and without the regula¬ 
tor in service under the condition of starting two^motors 


at a time when the generator was canying no load. 

The effect of the generator carr 3 nng load when start¬ 
ing two motors can be seeixby comparing Figs. 8 and 9. 

Fig. 11 shows the effectiveness of the voltage regula¬ 
tor in limiting the rise of generator voltage upon the 
dropping of load. , 

Table II gives a stunmary of the test results and shows 
the successive opCTating intervals of the different 
portions of the excitation system from the instant the 
generator load changes until the generator voltage is 



Fig. 10 



Figb. 8, 9, 10 AND 11.—Curves Showing Rbsui-ts ov Tests 
Nos. 7 AND 8, 9, 10, AND 11 AND 12 Rbspbctivelt 

A. Line voltage 2600 volt « 100 per cent, 

B. Line current 1246 amperes » 100 per cent. 

O. IJield current 110 amperes « 100 per cent. 

D. Bxdter voltage 260 volts - 100 per cent. 

Fig. 8 with generator isolated and carrying no-load started two 400-hp. 
motors.—Regulator In service» .... Fixed excitation. Fig. 9 with 
generator isolated and carrying load started two 400-hp. motora; 
regulator in service. Fig. 10 with generator isolated and carrying load 
started two 400-hp. motors; regulator not in service. Fig. 11 generator 
paralleled with system and carrying load; dropped load.—B^ulator in 
service: .... Fixed excitation. 

restored to nonuEj, the speed of voltage build-up of 
the exciter and the generator, and the limits of exciter 
Eind gen^tor voltages reached during the tests. 

The successive operating time intervals represent 
the time in cycles required fer the individual portions 
of the excitation equipment to operate. It will be 
noted that the main contacts of the regulator closed in 
approximately 2.5 cycles after the load changed. The 
atmliary raised contactors closed in approximately 
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TABLE II 
SUMMARY OP TEST RESULTS 


Note: ^Indicates rate of voltage decay. 

tApproximate rate during time motors coming up to speed. 

JA Time Interval refers to point when generator voltage first returned to normal. 

Time Interval refers to point when generator voltage became stable at normal value. 




# 

Succf 

sssive operat 

ing time in 

... 

tervals (cycles) 

Speed of build-up 





Test conditions 


Main 

Aux. 

contactors 

Exciter 

voltage 

Totalt 

(Volts per sec.) 

Generator voltage 

Excitation 

Generator^ 

Load 

contacts 

(A) 

(B) 

Exciter 

Gen.t 

Normal 

Min. 

Max. 

Regulated 

Isolated * 

No loatf 

Picked up 

2.0 

3.0 

9 

65 

660 

930 

300 

2540 

2240 

2620 

Fixed 

Isolated 

No load 

Picked up 




.1200 

1200 


-290 

2530 

1870 

2530 

Regulated 

Isolated 

No load 

Picked up 

2.0 

3.0 

11* 

70 

720 

1040 

270 

252R) ^ 

2270 

2740 

Fixed 

Isolated 

No load 

Picked up 




1200 

1200 


-600* 

2540 

1800 

2540 

Regulated 

Isolated 
Carrjilng load 

Picked up 

2.0 

2.0 

7 

83 

600 

1200 

225 

2640 

2250 

2660 

Fixed 

Isolated 
Carrying load 

Picked up 

* 


.... 

720 

720 


-170* 

2630 

2210 

2680 

Fixed 

Paralleled 
Carrying load 

Dropped 



• 

.... 



225 

2660 


3240 

Regulated 

Paralleled 
Carrying load 

Dropped 

3.0 

14 

37 

110 

720 

-140+ 

-110* 

2540 


2720 

Regulated 

Isolated 

No load 

Picked up 

2.5 

8.0 





150 

2540 

2390 

2600 


four cycles after the main contacts closed and the ex- 
citei‘*Voltage built up to its maximum value in an 
average time of approximately nine cycles after the 
auxiliary contactors had closed. The corresponding 
operating time interval%with the regulating equipment 
decreasing the excitation are somewhat longer. As 
shown by Test No. 12, the auxiliary lowering contactor 
closed in 14 cycles, and the excitw voltage decreased 
to its minimum value in 37 cycles after the aiixiliary 
contactors had closed. 

The above time intervals are of interest as regards 
the operation of the various component parts of-the 
regulating equipment, but from an operating stand¬ 
point, the total time interval dapsing from the instant 
the load changes until the generator voltage is restored 
to normal is of prime importance. Referring again to 
Table II, it will be seen that with the regulator in 
service the generator voltage first returns to the normal 
value in an average time of approximately 81 cydes or 
about 1.5 seconds. As previously mentioned, *the 
generator voltage overshot and finally became stable 
at the normal value after a total average time interval 
of 670 cydes or 9.5 seconds. With fixed exdtation, 
the voltage returned to normal after an average time 
interval of approximatdy 20 seconds. It was rather 
hard to determine at just what point the generator 
voltage became stable ^at the normal value, but the 
above values are relative. 

Conclusions 

The following condusions may be drawn from the 
t^ults of these tests: • 


a. The quick response excitation equipment is 

effective in redudng the magnitude awi duration cf 
a-c. voltage surges due to sudden increase or decrease 
in load. ' 

b. From an operating standpoint, the 'over-all 
speed of a-c. generator voltage response is of prime 
importance rather than exdter speed of build-up. 
In other words, the total time interval from the instant 
of load change W the time when the a-c. voltage is 
restored to normal is most important. 


It is estimated that the railroads of America, as the 
result of systematic safety contests aigiong -employes 
during the past five years, have saved the lives of 1383 
employes, and have prevented over 180,000 additional 
serious accidents to employes. 

These estimates are based on official Interstate Com¬ 
merce Commission statistics, comparing the 1923 
acddent rates of these railroads with, the lessened 
accident totals which have been achieved as the direct 
result of systematic and coinpetitive safety contests 
among employes. 

t 

In recognition of this splendid safety work among 
these railroads for the year 1928, the National Safety 
f Council lasfT month presented a number of awards to- 
the winners of the Railway Employes' National Safety 
^ contest. The awards were presented by Major 
Henry A. Reninger, president of the National Safety 
Council. 



Interconnection in liie Southwest 


BY GEO. A. MILLS' 

Member, A. I. B. E. 


Synopsis.—hilerconnected electric service in the Southwest has 
kept pace with the country as a whole, Eighi states are now con-' 
nected hy a continuous transmission system-, operated at a voltage of 


60fi00 volts or more. This system extends 720 mi, from East to 
West and 810 mi, from North to South, ^ A description of the system 
is given in this paper, • ^ 


A feV years ago the supply o? electrical energy in 
the Southwest-centered around the larger com¬ 
munities, obtaining such supply from steam plants 
located within the boundaries of the city * The nearby 
communities were served by moderate voltage trans¬ 
mission lines radiating from these plants. 

In the arid sections of the^ district where condensing 
water is scarce, oil engines were used extensively as a 
basis of power generation and for load development. 

In the past few years development has progressed 
with the expansion of existing power plants and the 
extension oif transmission networks around the larger 
urban areas. In the northern section of the district 
this development has practically covered a majority of 
the territory; however, in the southern portion there 
still exist many scattered small plants and low voltage 
transmission systems. 

The great industrial development which started a few 
years ago and is now under way, has brought about a 
change. The small* plants and low voltage networks 
were not only unable to furnish the capacity needed but 
were unablS to serve economically the large industries 
demanding a power supply. This brought about a con- 
solidatipn of the smaller properties into larger operating 
groups, the constructing of higher voltage transmission 
lines, and the development of larger base load plants. 

Such development, in providing an ample supply of 
economical energy, has stimulated general expansion 
in all lines of activity such as agriculture, by providing 
an energy supply for irrigation pumping, gins, oil 
mills, creameries, condenseries, cheese factories, and 
general service to t]je farm; refrigeration; mining, 
smelting, and quarrying; saw mills, paper mills, and 
other wood product industries; the oil industries, in the 
electiificatiOTi of drilling and well pumping equipment, 
refineries, pipe line pumping stations and compressor 
stations; and last but not least, has improved the stand¬ 
ards of city life in industrial, commercial, and domestic 
activities. 

The general territorial growth has b*en so rapid that 
at the present time the larger operating groups have 
covered the intervening territory so the border trans¬ 
mission lines have been interconnected, thus bringing 
about the present intercqnnected network. These 
interconnections have been a natural procedure since 
the operating executives and transmission engineers 

__ m 

1. Chief Engineer, Central & Southwest Utilities Compaity, 
Dallas, Texas. • 

Presented at the Regional Meeting of the South West District of the 
A.I.E. E., Dallas, Texas, May 7-9,1999. Printed complete herein. 


have in most cases selected similar distribution voltages 
from sixty to seventy thousand volts with the idea of 
interconnection in the future. This selection was made 
necessary on account of the great distances between 
load centers and the scarcity of favorable plant locations 
near the load centers, requiring a high distribution*- 
voltage to take care of the situation properly. * 

The skeleton transmission map. Pig. 1, shows the 
present interconnected lines operated at 60,000 volts 
and higher voltage. The map also shows the location 



Fia. 1 —Intbbconnbcted Transmission System of the 
Southwest 

of points of intercoimection between various operating 
groups and the major power stations. 

The great distances between power supply points is 
evident by an inspection of the map. It is to be noted 
that the distance of continuous interconnected line 
stretching from Memphis, Tennessee, to the Ozark 
hydro plant in Missouri, is 1600 miles. The intercon¬ 
nected tmitory from east to west is 720 miles wide and 
from north to south is 810 miles in extent. 

INTESRCONNBCTION CONTRACTS 

The first interconnections made in the Southwest 
were the result of smaller operating companies purchas¬ 
ing energy from the larger companies having excess 
prime capacity. The contracts covering tiiese inter- 
coimections and the rates used therrin were based 
entirely on the purchase of prime energy. During the 
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past two years several new interconnections have been 
made under contracts wherein it has been desirable to 
utilize the excess capacity df a company which has 
installed a large power unit ahead of its own customers’ 
requirements. Th6sq contracts provide for the mutual 
benefits of interconnection in meeting operating ema:- 
gencies and provide for emergency operation of standby 
plants to hold total plant investment to a minimiTm cost. 

Executives and engineers are fast recognizing the 
desirability of such mutual contracts since they provide 
a method of keeping the reserve capacity to a Tninim imn 
and allow the installation of larger, more economical 
prime movers, resulting in greater economies and better 
service to the customer than if the developments were 
made independently. 

Power Supply 

Table I lists the principal operating plants in the 
• Southwest coimected to one interconnected* network. 
It k to be noted that of 1,415,476 kilovolt-ampere 
capacity, only 22,500 kilovolt-ampere is hydro. 


T^IiB I 

PBDTOIPAI. OPEBATING POWBB PLANTS 


Name or locatioii 

Capacity 
in kv-a. 

Prime movers 

Ozark Beach, Mo. 

11.250 

Hydro 

Biyerton, Kah. 

72.000 

Steam turbine 

Neo^, Kan. 

50,000 

Steam turbine 

Wlchit^, Kan... 

37.500 

Steam turbine 

Harrah, Okla.. 

81,250 

Steam turbine 

Biyer Bafik, Okla. 

28,125 

Steam turbine 

Byng, Okla. 

21.000 

Steam turbine 

Oklahoma Cilsy, Okla. 

12,500 

Steam turbine 

Bell Island, OMa. 

17,250 

Steam turbine 

Sand Springs, Okla. 

14,700 

Steam turbine 

West Ttzlsa, Okla. 

37,600 

Steam turbine 

Weleetka, Okla...... 

18,750 

Steam turbine 

^McAlester, Okla.. 

10,600 

Steam turbine 

Iiawton, Okla. 

11,250 

Steam turbine 

Lake Panline, Tex. 

18,760 

Steam turbine 

^Abilene, Tex. 

6,250 

Steam turbine 

Angelo, Tex. 

12,500 

Steam turbine 

Glryin, Tex.. 

22,500 

Steam turbine 

Wlbhlta Falls, Tex. 

13,500 

Steam turbine 

Leon, Tex. 

88,000 

Steam turbine 

Ft. Worth, Tex... 

56,000 

Steam turbine 

Dallaa, Tex. 

103,000 

Steam turbine 

Trinidad, Tex. 

50.000 

Steam turbine 

Waco, Tex... 

15,000 

Steam turbine 

Shreveport, La. 

37,500 

Steam turbine 

Texarkana, Ark. 

9,376 

Steam turbine 

Sterllngton, La. 

101,850 

Steam turbine 

Little Bock, Ark. 

16,500 

Steam turbine 

Pine Bluff, Ark. 

13,376 

Steam turbine 

Bemmel, Ark. 

11,250 

Hydro 

Memphis, Tenn. 

67,600 

Steam turbine 

Jackson, Miss.. 

6,876 

Steam turbine 

Oomal, Tex. , 

76,000 

Steam turbine * 

San Antonio, Tex. 

36,125 

Steam turbine 

Victoria. Tex. 

11,250 

Steam turbine 

San Benito, Tex. 

26,250 

Steam turbine 

Deep Water, (Houston) Tex. 

125,000 

Steam turbine 

Gable Street, Houston, Tex. 

35,000 

Steam turbine 

Nechea Plant, Beaumont, Tex. 

64,760 • 

Steam turbine 

Port Aithur, Tex. 

9.800 

Steam turbine 

Sahira Biver, Orange, Tex.. 

9,000 

Steam turbine 

Total. 

1,415,475 



The largest and most recMitly constructed plants in 
this territory have been laid out with the idea of utilizing 
the intercoimected lines in disposing of the excess 
energy. In several cases single unit plants were oper¬ 
ated, using the interconnected lines to othw plants as 


reserve capacity until the load reached a point justifying 
a second unit. At the present time four such plants 
shown in the lists are operating on this basis. 

The future power supply will be from the expansion of 
present base load steam plants located where condens¬ 
ing water is ample and fuel economical, and from future 
hydro plants in west Texas, northwest Arkansas, south¬ 
ern Missouri, eastern Oklahoma, and south Texas. 
All of these developments are made possible on accoimt 
of interconnections since the projects offer capacities in 
excess of locSl requirements. c 

"iPhe proposed hydro developments m’e of unusual 



Fig. .2—^Typical Stbvotubb Usbd in thb Southwest fob 
66-Kv. AND 132 -Ev. Tbanbmission Lines 


interest ance the lakes created will be utilized for flood 
control and in south.Texas the water impounded will be 
of untold value in providing water for irrigation down¬ 
stream from the dams. The largest sites are in the 
Texas Big Bend country of the Rio Grande, miles away 
from any industrial development. 

Linb Construction 

The present tendency in interconnecting lifie con¬ 
struction is the use of not less than No. 4/0 conductor 
supported on H-frame creosoted Southern pine pole 
structiu-es, spaced for 182,000-volt operation, located 
on private right-of-way following the shortest path 
between power fupply and load centers or interconnect¬ 
ing points. A '^rpical pole structure is shown on Pig. 2. 

St^ towers in the Southwest are only used for special 
crossings, multiple circuits away from plants and sub¬ 
stations, through congest^ urban areas, and in one or 
two cases, for double circuit lines. 

Operation 

Successful interconnection operation between several 
fperating companies under different ownership has 
been accomplished in the Southwest. The total inter¬ 
connected network is normally operated in four groups, 
Arkansas, Louisiana, Misassdppi, and eastern Texas in 
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one group; the balance of Texas and southwestern 
Oklahoma in a second group; the balance of Oklahoma 
and northwestern Arkansas in a third group; and Kansas 
and Missouri in the fourth group. The largest group is 
that in Texas where seven large operating‘'compa¬ 
nies under five different ownerships normally operate 
connected. 

The rat)id industrial growth of Texas has been the 
result of this interconnected system, especially in the 
^arid regions of west Texas where transmission service is 
necessary to transmit the energy from distant plants 
located where circulating water is ample and an eco¬ 
nomic supply of fuel is obtainable. 

Future Pbo'blems 

On account of the great distances covered by single 
drcuit or loop transmission lines and the remote loca¬ 
tion of base load plants, greater dependence on trans¬ 
mission line service is a necessity. The future engi¬ 
neering development must take into account the deliv¬ 
ery of energy to the customer at the same general costs 
experienced elsewhere by increasing the reliability of the 
present and future transmission systems as well as the 
development of mors economic plants to overcome the 
longer transmission distance between power supply and 
consumption. 


•Bare Wire Overhead 

. • 

BY M. C. 

Non-n 


The engineers in the Southwest are actively at work 
on these problems and through studies now in progr^ 
are keeping pace with similar work throughout the 
country to determine the proper construction to render 
the maximum service. 

Future Interconnection 

The future interconnections in the Southwest will 
require greater capacity lines and voltages in the 
132,000-volt class to shift the increasing blocks of 
energy; lines designed with higher flashover voltage 
characteristics; use of regulating transformers with tap 
changers which may be adjusted under load and the use 
of sjmchronous condensers to deliver the voltage regula- ' * 
tion required on such long lines as well as the design 
of more economic plants, and most iiliportant of aU, 
interconnection contracts which will make the maxi¬ 
mum economic use of the combined facilities. 

The future holds forth more reliable transmi^op . 
serviee, increasing number of interconnection points, 
higher voltage and higher capacity per single transmis¬ 
sion circuit, better voltage regulation methods, more •• 
steam plants with larger economic units located where 
circulating water and cheap fuel is ample, large hydro 
plant developments and better contractual cooperation 
in the operation of the combined plants to give the cus¬ 
tomer the maximum service at lowest possible cost. 


Distribution Practise 

MILLER* 


Synopsis.—An appreciable saving may be made in construction 
of overhead distribution systems by the use of bare conductors in the 
place of weatherproof conductors. The reliability of the system will 
be coThsiderahly increased with lower maintenance and operation 
costs. Bare conductors have practically unlimited life and when 


removed can be reinstalled as new wire resulting in a reduction of 
depreciation. < 

This paper outlines the advantages of using bare wires and gives 
also advantages of medium-hard^drawn as compared with annealed 
conductors. 


F or the purpose of furnishing the electrical industry 
with data concerning the use of bare wire and to 
assist in choosing between bare and insulated wires 
for overhead distribution systems this paper was 
prepared. It shows relative costs of construction, 
maintenance, and depreciation with condensed data 
relative to unit weights and costs, and cost of lines and 
s 3 istems with bare and weatherproof wire. 

To give a comparison of cost for conductors of the 
sizes most frequently used in distribution circuits the 
following costs per 1000-ft. of bare and weatherproof 
wires are calculated assuming bare at 20 cents and 
weatherproof at 22 cents per pound. ** ^ 

1. Distribution Design Engineer, Texas Power & light Co.^ 
Dallas, Texas. 

Presented at the Regional Meeting of the South West District of the 
A..I.E.E., DdOas, Texas^ May 7-9,1969. Printed complete herein. 


No. 0 SoUd W. P. 

$24.64 

No. 6 SoUd bare $16.00 

Saving $8.64 

36% 

No. 4 

36.08 

No. 4 

25.20 

10.88 

30% 

No. 2 Str. W. P. 

59.04 

No. 2 Str. bare 

41.00 

18.40 

31% 

No I/O 

93.28 

No. I/O 

72.40 

20.88 

22% 

No. 4/0 

176,00 

No. 4/0 

130.60 

45.40 

26% 


An average saving on a number of distribution sys¬ 
tems would be about 25 per cent in cost of copper con¬ 
ductors if bare wire were used instead of triple braid 
weatherproof wire. 

The installation costsof bare wire as compared to triple, 
braid weatherprooWo not vary directly with the weight. 
On short extensions of one or two or three spans the 
labor costs would be about equal, with some savings 
up to 15 per cent or 20 per cent on longer lines where 
the lesser weight of bare wire saves on transportation, 
splicing and setting up reels, etc. 

Construction men who have been installing and 
mawtaining bare copper conductors for lighting and 
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Juiirnal A. f. 


puiver secondaries, series street lighting circuits and 
jirimaries, 2300 volt to 12,000 volt, express a very 
definite preference for it oVer the weatherproof wire. 

To operate satisfactorily it must be put up right, 
.‘■airged correctly, apd guyed sufficiently, but once put 
up right it does nob stretch and cause excessive sag 
which periodically must be pulled up or re-sagged, 
resulting in a large saving in maintenance costs. 

.\'o increase in horizontal spacing is necessary as the 
smaller sag reo.uired for bare conductors reduces the 
possibility of their swinging together. It has been 
found desirable, however, to provide additional vertical 
spacing where bare conductors are installed on vertical 
secondarj- racks and 12-inch separation eliminates any 
j«).ssibility of conductors getting together. Eight-inch 
spacing has been used in many places with no report of 
trouble from this cause. This increased spacing uses 
up a foot more of pole height but very seldom requires a 
'five foot higher pole. 

The life of weatherproof wire is comparatively short 
and it is often necessary to replace it with new wire 
after 10 to 20 years in service. The life of bare copper 
wire 5s unlimited. TMien weatherproof wire is removed 
from service after 10 to 20 years it usually has to be 
scrap^jed as the weatherproofing is deteriorated to such 
un extent that it is not practicable to reinstall it. Bare 
copper wire removed is worth practically the same as 
new wire and may be reinstalled. These two features 
alone will justify the use of bare copper wire. 

In many communities there is an ordinance requiring 
the use of insulated wires and weatherproof wire is 
often accepted by inspectors in such communities as 
tneeting these requirements. When such ordinances 
«ast steps should be taken to have them changed. 

1 ne word insulation might be assumed by the courts to 
mean insulation sufficient to protect against voltage 
earned by the conductors. This was practical when the 
mdus^' was m its infancy and many of the existing 
timncal ordinances were made at that time. Bare 
wire hite been used in many instances even where 
insulted wire IS r^uired. This has been permitted as 

il lv wilh Si economi- 

eallj with such an ordinance and install wires insulated 

for voltages from 2300 to 13,000 volts. 

estimates for constructing an 11-kv 
di.>tnbution sj’stem in a smaU town to serve 60 

w,™ Thel weatherproof 

sa\injr of oa ^ $ilo3.00, or a 

■^mpared to Va a total cost of bare as * 

^eShe aAA^ ^therproof conductors. 

’'awn bare cldlt^^^ medium 

aion: T for general distribution 


Saving in initial investment cost of conduetons may 
be from 15 per cent to as high as 30 per cent; poles and 
attachments 5 per cent to 10 per cent; labor 5 per cent 
to 20 per cent; with a total saving of from 15 per cent to 
30 per’cent on rural lines and 5 per cent to 10 per cent 
on complete distribution systems. 

Yearly maintenance costs are 16 per cent to 2.5 per 
cent less for the i^ason that conductors do iiot have to 
be resagged frequently and there are less outages eau.secl 
by breaks and conductors swinging together and burning 
down. . f , 

Life of conductors is conservatively three or four 
times that of weatherproof. 

Practically no depr^edation occurs in conductors; 
when salvaged they have practically the same value 
as new. 

Hazard to linemen is net increased as they are nccivs- 
sarily more careful. Hazard to general public i.s greatly 
reduced as lines do not break as frequently. 

General appearance is greatly improved. 

Medium hard drawn has decided advantage.s over 
annealed copper wire, having greater strength allowing 
greater spacing of poles, and cqnsiderable saving.s in 
construction cost. 

The use of bare medium hard drawn copper for over¬ 
head distribution systems conductor is worthy of con- 
aderation. It has been used on a number of sy.steins 
in small towns and cities for a sufficienWength of time 
to prove its worth. 

Advantages op Mediui4-Hard-Drawn over 
Annealed Conductors 

to deagmng or replacing distribution lines another 
point anses which is worthy of consideration, namely 
tne economy of using medium-hard-drawn instead of 
annexed wire. Medium hard drawn copper conduc- 
tora have many advantages over annealed wire, prind- 
pdly on account of the greater strength, being about 

ll 4/0 sizes and 

^ 8 to No. 2 sizes. This 

increase in stoength in the smaller sizes allows an 

and’rural districts, 

h^d to^?^ desirable as it affects 

Se ^ reliability of 

service and Dpamtenance costs. 

There is a very sHght difference in elecirical character- 
sbes, the resistance of medium hard diiwn befng 11 

that of annealed eopper^wire. 
Joints in ? distribution system calculation. 

“ or taps to irfedium hard drawn cooDer wire 

tte ^pper and decreastog ita strength 

less than a# « j oj these mstalled is usually 

bean egpJX^dT^TtSre^C 
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5, working loose and causing loose connections. They The increased working tensions of medium hard 

are more fleidble then soldered connections and are of drawn copper conductors require more adequate gu 3 dng 
great assistance in replacing conductors, disconnecting to eliminate possibilities bf anchors and gu 3 ^ creeping 
taps, services, etc. ^ and conductors becoming slack. 


Abridgment of '* 

Influence of Temperature on Large Commutator 
•' ' Operation 

BY F. T. HAGUE* ’ and G. W. PENNEY* 

* Associate. A. I. E. E. • Associate, A. I. E. E. 

Synopsis^—The paper discusses the operating characteristics of with typical records showing the performance of various types of 
large commutators. It is pointed out that initially many cases of construction, m 

blackened and burned bars are caused by a slight roughness which The question of safe temperature limits is then discussed. It is >% 
causes irregular commutation and a slight sparking which when maintained that the question of the permissible temperature Unfits ^ 
once started gradually becomes worse. The requirements of the is entirely unlike that of insulated windings, since the materials 
surface of a high-speed commutator are discussed, showing that used are not injured by temperatures considerably above the present 
radial variations of the order of one ten-thousandth of an inch limits. The permissible limit of a commutator is determined by its 
between adjacent bars may give serious trouble. Some causes of mechanical construction. Low temperature limits may lead to * 

roughness are discussed, showing that temperature is a major illogical designs, since large heat dissipating surfaces are required 
factor, but that redesigning the commutator to reduce the temperature which may give higher stresses and larger expansion effects, which 
does not necessarily cwfe the trouble, and may actually give poorer may be more harmful than higher temperatures. A temperature 
performance. Some methods of commutator testing are described limit based on operating characteristics would be more satisfactory. ^ 


I- 

i 


D uring the past five years, considerable experi- dimensions caused by a change in temperatu^.* For 
mental work on large commutator performance this reason the authors believe that a different type of 
, and characteristics has been under way, and temperature limitation should be used for commutators 
many‘different types, of construction have been in- from that used for apparatus where the tanperature 
vestigatfed and compared. Much information of value is limited by the point at which the material is injured, 
to designers has been accumulated and this information This paper will be devoted to a general discussion 
has led to a clearer tmderstanding of the desirable of the nature of the temperature limitation of com- -» 
characteristics of commutators and the influence of mutators. , 

operating temperature on performance. The primary function of the commutator is to malje 

The paper, as indicated in its title, will deal with contact with the brush. A certain variation in the 
the subject from the standpoint of large commutators contact drop is permissible, but as will be shown later, 
usually found ,only in power station and substation some commutators reach a condition where the brush 
machinery. ' ' cannot transmit direct current to the bars without 

In all types of construction, the heating of the com- sparldng, even when no conunutation is in¬ 
mutator is inevitable because of the mechanical friction . Und^ such conditaons, satisfactory commuta- 

of the brushes and the electrical loss at the contact. ^ impossible. With the bars moving at a speed 
In most electrical apparatus, the permissible tempera- ?! f f the commutator si^ace, 

tore is determined by the temperature at which the ! a’’® maintain uniform contact with all 

insulation is permanently injured, but in large com- !?ars> must be very smooth. 

mutators the materials are not injurlbd by tempera- Measurement op Commutator Surface Conditions 
tores considerably above the limits commonly applied. Any progress in science or engineering is dependent 
There are other very important effects of temperature, first on knowledge of the facts. Suitable measuring 
but this is ordinarily not in the nature of a definite instruments and jnethods are fundamental to progress. • 
limit fixed by the materials.but rather as a limit based This study of commutator design and performance made 
on the construction features of the commutator and very slow progress until a satisfactory device for mea- 
particularly its ability to withstand toe change in suring commutator surface conditions was developed. 

- ' « Since the condition of sp commutator surface may 

change with speed and temperature, it must be mea- 

Electric and Manufacturing Co. ? j x i? n j j / x mi. 

Preemted at the WirUer Convention of the A. I. E. E., New ®P®ed and operating temperature. The 

York, N. Y., Jan. 28-Feb. 1, 19^9. Complete copies upon request. ni^SUr6ni6Ilt of d. VBXia-tion of th© OrdBT of 0116 t6Il- 
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thousandth of an inch between adjacent bars running may be used instead of the oscillograph, hig. 2 shows 
at a surface speed of over a mile a minute is beyond the the wiring diagram for the brush drop test with both 
range of ordinary instruments. Because of the dif- the oscillograph and the “roughness factor” meter 
ficuiiy in measuring this mechanically, and since we are connected to measure the brush drop. I t con.sist.s of a 
primarily interested in the effect of the surface condi- largecaifacitycondenser,yariableresistance,atKl ( hernial 
tion on the brush coptact drop, the measurement of this milliammeter all in series. The condenser ha.s suf- 
contaet drop seems to be the most logical means of ficient capacity to offer only a negligible impe¬ 
dance to fluctuatiqps in brush drop. For a .perfectly 
_ uniform contact, the reading is zero, but in case the 

brush drop fluctuate, the cuiTent through the meler 

- 1 is limited by the resistance in series The product of’ 

T T -! — resistance in ohms by the current in amperes i.s 

f. s If == called the “roughness factor.” It is the r. m. a. value 

1 ^ of the fluctuations in brush contact drop in voIt.s and is 

• T a measure of the surface condition of the comniut utor. 

With a good surface, it should be 0.15 or less, wh i 1<? wit h 
a bad surface it may rise to several volts. 

^ I . This method of measurement does not, of <'our.se, 

a^j^r give bar movements in inches, and in the ca.se of occen- 

Fio. 2—WiBiNo Diagram fob Brush Dbof Tbst tricity,amovementofseveralmilsmaygivenoindic{i- 
Powwdrcuite are shown by heavy UaesandlMtrument circuits by light tion; but since we are COncemed with the Unifomiity of 
^he oscuiograph and roughness-fhctor n«,ter are both shown the COntact drop, it does indicate the things in which We 

. . ... interested. Because of its sensitivity, reliability, 

et^urag the surface condition. Fig. 2 shows the and simplicity, this test has been extensively used Hi 






• /io 

CLCSiAAif 

Fig. 2—Wibing Diagram fob Brush Drop Test 

Power circuits are shown by heavy lines and instrument circuits by light 
lines. The oscillograph and roughness-factor meter are both shown 
connected 


determining the surface condition. Fig. 2 shows the 
wiring diagram for a scheme of doing this which 
will be called the “brush drop test.” Fig. 4 shows 
a anall commutator set up for tiie test. In this test, 
two'or more brushes are mounted in line so as to 
make contact with the same commutator bar. Cur¬ 
rent is passed from one brush to the bar and back 
through one or more brushes in seri^ with sufiicient 
reystance, so that practically constant current is main- 
.tained. The double-contact drop is recorded by an 
t^llograph. In this way, the surface condition 
,of the commutator can be studied during Tipati ng and 


■Ita Jllm 



fta. 4 -Commutatob Sbt uf for Bmush Drop Trrt 


and for various speeds. If a timing contact is 


Fig. 6 Contact Drop Obtained with J'ouii Dif^’KUKnt 
Brush AND Brush Holder, Arhanoementr ’ 

The cut traced from oscillograras showing contact drop paH^slng ijv»tr 
the same surface roughness, only the brush and holder being cliiingorj 

study commutator surface conditions. Usually, the 
emnmutator is ground and the test brushes mounted. 
The commutator is then heated by narrow belts lined 
with maple blocks. These are so arranged that they do 
not stake the ^ace at points where the test brushes 
vnll bear. This method gives the surface heating and 
empCTature distribution closely approximating service 
V additional heat on any bar 

whi^ tends to become high combined witl^ considerable 

^ severe test 
^^should disclose any trouble likely to develop in 

The Causes aId Eppbcts op Commutator Roughness 
th^^K?® discusses briefly the question of 

SnS?S,l!’ problem 

conSL ilf variation in contact 

surface onlv fi,® ^ given commutator 

^aw, only the brush and holder being changed 

SL importance of the 

eiy smooth commutator surface is still 
In discussing the effect of roughness, it is pointed out 
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that it is very difficult to detenuine the effect of rough¬ 
ness from the commutation of the machine, since a 
slight bar movement may occur which produces only a 
slight sparking at first, but which gradually produces a 
smutting or burning of the bar, which stilf further 
disturbs the brush action until a serious sparking results. 
This effect may continue even though the bar movement 
originally causing the trouble has disappeared. 

Because little information has been available con¬ 
cerning the properties of mica, it has frequently been 
'‘blamed for many,troubles due to other causes. The 
requirements of mica and methods of testing are 
described in the paper. Upon first thought, centrif¬ 
ugal force usually be considered to be the most 
serious cause of commutator roughness. However, 
tests have shown that it is relatively easy to make a 
commutator that will rraaain perfectly smooth at all 
speeds up to reasonable overspeed, if tested cold. 

The effect of temperature is usually far more serious 
in commutator operation than centrifugal force.' A 
number of the effects of temperature which produce 
roughness are discussed in the complete papM- showing 
that they usually have the nature of a bending or 
warping of the bar.^ 

It might seem that the solution of the problem is a 
low temperature rise. However, a low temperature 
rise requires a large surface for heat dissipation. For 
any given design, this usually requires a longer bar. 
The deflections causing roughness, usually are of the 
nature of a bending or bowing of the bar which in¬ 
creases •with the second^ to the fourth power of the bar 
length? depending on th*e type of support. Then, since 
the deflection increases as a power of the length while 
the temperature decreases only with the inverse of the 
first powa: of the length, for any given type of con¬ 
struction, the roughness may be increased, rather than 
decreed by lowering the temperature rise. A more 
. logical method of attack seems to be to alter the con¬ 
struction so as to reduce the roughness for a given 
temperature risk 

Ty^s op Commutator Performance Under 
Ripluence op Temperature 

I. Ideal. The ideal commutator riiould stay per¬ 
fectly smooth under all operating conditions. A com¬ 
mutator of 23 in.active face length (26J4 total bar 
length) and 5500 ft. per min. peripheral s^d was heated 
to 140 deg. cept. (116-deg.cent rise) using a bdt lined with 
maple blocks and tested while cooling. Records at 
115-deg. cent, rise and when cooled to room tempera¬ 
ture show that a temperature rise far above present 
limits did not produce any’measurable roughness in 
this commutator. 

II. Fair. A commutator which becomes rough 
when heated to the overload temperature, but returns 
to a smooth condition when cooled, is classed as fail? 
This might show some sparking at overload, but if this 
is not of sufficient duration to bum the bars, the per¬ 


formance should be satisfactory when the load is 
reduced. 

III. Bad. ^ A commutator which when heated either 
to an operating or even a slight overload tempCTature, 
becomes rough and fails to return ^ a smooth condition 
on cooling is bad, because the surface must be re-ground 
to put it in a satisfactory condition.' 

Commutator Seasoning 

Practically all large commutators if tested immedi¬ 
ately after assembly and before any heating treatment 
would show the performance just referred to as bad. 
This is due to the nature of the copper and mica, 
both of which tend to yield when first subjected to 
stress and temperature. The graduaPyielding of the 
copper and mica under stress and temperature xmtil 
finally a stable condition is reached is referred to as 
seasoning.* ' , 

In* a low-speed commutator, a sufficiently stable con¬ 
dition may be reached by merely repeated heating and 
tightening. In a commutator with higher rotational 
stresses these stresses must act on the commutator 
for a considerable time during heating and cooling 
before a stable condition may be reached. Originally, 
this was done by loading the machine with the brushes 
set off neutral to give excessive heating. Now, methods 
have been developed for seasoning the commutator 
before it is even assembled on the machine. I«3 some 
cases this may be accomplished by .merely rotat¬ 
ing in an oven. In other cases, a more severe method 
known as “block seasoning”^ may be required. This 
consists in heating the commutator by the friction of 
belts lined with maple blocks. This gives the surface' 
heating and temperature distribution approximating 
operating conditions, combined with mechanical'* 
vibrations. 

The most obvious effect of seasoning is to eliminate 
the yielding of the mica, but in the best t 3 T)e of high¬ 
speed conunutator the copper miist be permitted to 
yield slightly to allow it to conform to any irregular 
mica surface. Due to the peculiar nature of copper, 
this yielding will take place only partially during 
assembly. The rest will take place as a slow creep during 
the seasoning period. Tests have shown that the mica 
now used reaches stability in about 30 hours of seasoning 
at 150 deg. cent., while in some cases the copper may 
require 160 hours, even when accelerated by overspeed 
and added building "force. 

Fig. 14 shows. the results obtained by block seasoning. 
Each record showd*the roughness produced by a heating 
and cooling cycle. In the first test (Pig. 14a), taken 
after a short praiod of block seasoning, the surface was 
very rough, so that only a small current could be 
used on the test brush. The'roughness is shown by the 
irregularity of the contact drop. The second test 
(Pig. 14b) shows an intermediate condition. In the 
test after the final block seasoning the surface remained 
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almost perfectly smooth so that full current was used 
on the test brush giving the higher normal contact drop 
evident in Fig. 14c. The roughness is m<^cated by the 
irregularity of the contact drop and this irregulanty 
is almost independent of the test current used. The 
number and value of thg "peaks” in the oscillogram ^e 
the agnificant factors, rather than the average value 
of the voltage drop. Even after all of these precau- 
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Fia. 14 —^Effect of Seasoning 

A—Oommutator block seasoned for a short period and then ground 
smooth while cold, heated for 10 hr., and record taken after cooling to 
room temperature 

B.-.Glven additional period of block seasoning, ground smooth while 
oold. heated, and record taken when cold 

O—Same as '*b” except after an additional perloj, of block seasoning 


tioils, there may be some mimite bar shifting during 
the first few months of ofjeration, so that more main¬ 
tenance is" to be expected during this period than after 
Hie commutator has been in service for some time. A 
large commutator is one of the few mechanical devices 
which improve with use during early years of service?- 


PENNEY: Journal A. I. E. E., 

Safe Tebjperaturb Limits 
A rational type of commutator design and con¬ 
struction may have a safe limiting temperature of 125 
to 150 deg. cent, without developing surface roughness, 
whereas Sther t 3 T)es of construction may be unsuited 
to limits as low as 75 deg. cent. The ability to with¬ 
stand repeated temperature cycles mthout developing 
roughness detennirves a commutator’s safe limiting 
temperature. The problems involved are entirely 
mechanical in nature, and the practise of the present ^ 
rules in setting an arbitrary low-temp^ture limitation 
does not meet the requirements of the situation. 

The present standard of a temperature rise limit and 
load test is inconcluave. It is made ordinarily at a 
low ambient temperature and does not show what 
trouble might develop from the additional total tem¬ 
perature obtained with the highar ambient temperature 
permitted by the Standards, and it cannot usually be 
of sufficient duration to discover effects that may 
gradually accumulate due to very slight initial mechani¬ 
cal disturbances. The present practise of setting a 
temperature limit as a criterion for a mechanical 
problem is objectionable, in that it results in design 
practise which actually encourages the development of 
operating trouble which it purports to prevent. Low 
limiting temperature, such as the present limit of 60 
deg. cent, rise on converter commytators, requires large 
heat-dissipating surfaces on the commutator which 
frequently necessitate extra long commutators, one or 
more sets of ventilating vanes, and other characteristics 
which lead to high stresses, large expansion effects, etc., 
that may be more detrimental to operation" than a 
higher limiting temperature. A physically large com¬ 
mutator having high mechanical stresses and high 
surface speed that will operate at a low temperature 
when newly ground •and in good mechanical operating 
condition, may well be a much less satisfactory com¬ 
mutator to the operating engineer than a physically 
smaller commutator which, under the same conditions of 
loading, operates at a considerably higher temperature 
but stays dead smooth under its maximum operat¬ 
ing temperature range. Adherence to j;he present 
standards forces the designer to use a highly stressed 
commutator with high peripheral speed that may be 
far more detrimental to good operation and low main¬ 
tenance costs than would be the higher temperature 
I rise resulting fixm a smaller lower stressed commutator. 

> A better meastire than the load test, altlyiugh scarcely 

3 practical in many cases, would be a repeated cycle test 
with the maximum ambient temperature. Satisfactory 
performance would be indicated by no appreciable 
increase in sparking with'successive heat cycle tests. 
I A less expensive and therefore more feasible test for 
- determining ths permissible operating temperature 
r i!^ould be a "brush drop” or equivalent test, which 
1. dbuld be made at the maximum temperature and would 
s have the sensitivity to show any slight roughness 
which might in time give trouble. *■ 
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The Committee ou Pruductiou and Application of Light 

LIGHT THERAPY 

H. P. Gage, Ph. D.* 

Light therapy, or more properly speaking, radiation 
therapy, has for some years been a useful tool in the 
hands of pljysicians. It is rapidly conjing into popular 
favor. Countless home treatment devices have been 
placed on the market and are in use. The effectiveness 
0 ? radiation therapy^ when intelligently used,*has been 
demonstrated by^ vast accumulation of evidence. 

Some of the beneficial results of light therapy are due 
entirely to a fairly deep penetration of radiant ener^, 
thereby heating the deepCT tissues of the body, causing 
improved circulation and relief of congestion. Lum¬ 
bago and numerous “aches and pains” disappear after 
an application of radiant energy. Radiation capable of 
tissue penetration must be of a wavelength greater than 
about 0.6 n in the red or it will be quickly absorbed by 
the hemoglobin of the blood, and must be of lesser wave¬ 
length than 1.5 n in the near infra red or it will be 
absorbed by the water content of the outer layers of the 
skin. The temperature radiation whose maximum lies 
in the near infra red ’'at a wavelength of about 1. (i 
would thus be the most efficient, and as has been pointed 
out by. Luckiesh,' some„fonn of high power tungsten 
filament lamp is the most efficient. For a home treat¬ 
ment lamp, hosp'eyer, the carbon filament lamp has a 
factor of safety in its favor. Greater energy absorption 
in the superficial layers of the skin will serve as a check 
on possible injury due to overheating the deeper tissues 
before. the patient becomes aware that anything is 
happening. 

Two grades of radiation therapy may be distin¬ 
guished: The high-powOT, high-speed.therapy, having 
inherent dangers of overdosage should be attempted 
only by the experienced physician. The short time of 
treatment required with strong radiation makes it 
available in the office of' the busy practitioner; for 
example, ultra violet radiation of sufficient intensity to 
cause an tayth^a, or sunburn, sometimes of painful 
intensity, serves as a counter irritant and stirs up hew¬ 
ing of wounds and resistance to infection in sluggish 
tissue. Such violent measures are to be avoided by the 
inexperienced. Mild, slow-speed radiation therapy 
may be indulged in by the general public a|its pleasure 
with little fear o| danger and considerable promise of 

benefit. Radiation of the general level of summer sun¬ 
shine may be considered as the dividing line between 
high-speed and slow-speed radiation. Summer sun¬ 
shine at noon has too much beat intensity to be risked 
by those not used to it for long periods ynthout some 
protection. The ultra violet intensity of th§ sun is too 
great for comfort and has led to painful sunburn, sick¬ 
ness and occasional death by the uncautious over- 


RlCKBTS 

The effect of ultra violet in the prevention and cure 
of rickets has almost the certainty of a chemical reac¬ 
tion. Control of calcium metabolism by vitamin D 
contained in cod liver oil, specially irradiated foods, etc., 
or by direct ultra violet irradiation) is, essential to grow¬ 
ing children, and pregnant and nursing mothers. The 
region of ultra violet has b^n experimentally deter¬ 
mined as shorter than 0.313 As sunlight even 

during the winter months at 42 deg. latitude is useful, 
and direct summer sunshine is highly effective, the 
extremely short wavelength region transmitted by the 
earth’s atmosphere, i. e., radiation between the limits 
0.31 M and 0.29 is known to be highly efficacious. 
Skyshine is effective, although less so, than <^ect 
sunshine.®* To have any effect, however, practically 
the entire sky must be visible from the position of 
exposure. The rdatively negligible fraction of the sky ^ 
hemisphere to be seen through an ordinary window 
opening is ineffective in curing or preventing rickets 
according to the experiments of Doctor F. F. Tisdall 
and the calculations of Doctor Janet H. Clark.® 

Direct sunshine, even in the winter months, and even 
when passing through glasses transmitting but 25 per 
cent (after solarization) of the ultra violet of the 0.302 p 
region is capable of preventing rickets in rats® and 
chickens'' provided a long enough time of exposure is 
resorted to. With human infants, during the wigtfer 
at Boston the sun shining through the best available 
ultra violet transmitting materials, fused quartz and 
COREX A window panes has cured rickets in the cases 
of both white and negro children.® 

A quartz mercury arc consuming about 250 watts at 
the arc placed 36 in. above the floor of the pen in which 
the chickens were treated gave approximately the same 
protection as direct midsummer sunshine when used 
about eleven minutes.® 

Other Therapeutic Effects 

It would be a mistake to assume that all therapeutic 
effectiveness of ultra violet is confined to the region 
needed for the curing rickets. 

Pernicious anemia is apparently caused by a specific 
toxin.*® The toxin can be destroyed by ultra violet 
and violet of wavelengths between 0.2536 /i and 
0.405 fi, 0.313 M being the most effective for equal 
energy. Several times the effectiveness is secured by 
an addition of chemically pure eosin. Inlivingpatients, 
especially after introducing chemically pure eosin into 
the blood stream, ultra violet treatments are capable of 
destroying this toxin so that it can no longer kill the red 
blood cells as fast as they are form^. The patient 
recovers, the recovery apparently being permanent, or 
at least of several years duration. 

Colds are reported as less frequent and less severe 
when ultra violet treatments are given. The desirable 


Tii:wg anfi occasional aeatn uy tuc wnen uiixa vioieu wcauiicuus s**'-*- —--—_ 

exposure of some people not previously acclimated to it. dosage and expected advantages have yet to be fully 

*CMef Optical Division,’Coming Glass Works Laboratori^. worked out. ^ 
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Tuberculoas is such a treacherous disease that 
treatments must be made under the supervision of an 
experienced physician. Surgical tuberculosis, such as 
that of the sWn (lupus), joints, glands and peritoneum 
can be aided or cured by ultra violet therapy. Pul- 
minary tubOTCulosil ip the active stages may, on the 
other hand, be deletaiously affected. In many of the 
best sanitariums, however, carefully controlled ultra 
violet treatments are given and doubtless are of definite 
bffliefit in many cases. Patients returned to their 
homes could continue ultra violet treatments, once the 
method, apparatus, desirable dosage, etc., had been 
worked out by the skilled physidan and learned by the 
patient. 

There are ^lertainly bodily conditions which are 
aggravated by the use of ultra violet and the practising 
physidan must be familiar with these, especially when 
employing the high-speed erythema doses. . Drawbacks 
'and disadvantages, debunking statements, and ex- 


REPORT ON USE OP INCANDESCENT LAMPS IN 
MOTION PICTURE PHOTOGRAPHY 

By R. E. Fabnham* 

A census taken about the first of February 1929 
shows that of some 60 or more pictures in the process of 
being photographed, approximately 60 per cent were 
being maEde with incandescent lamps, an increase from 
25 per cent as o^July 1, 1928. The genei^l practise 
of the studios has been to make thdr sound pictures 
entirely with incandescent lamps and to use the former 
illuminante for the silent pictures.. 

The Universal Studio has recently completed the 
filming of the. picture “Broadway,” takMi from the 
popular New York success of the same name. The 
largest indoor set ever constructed was used for the 
cabaret scene. This scene, togethOT with several others 
immediately adjacent, and really becoming a single 
large set, was lighted entirdy with 4800 incandescent 
lamps whose wattage totaled 3,900,000. The largest 


posures of worthless apparatus will from time tS time part of this energy was employed in regulation motion 
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picture photographic lighting equipment. There were, 
however, many thousands of lamps of lower wattage 
employed for decorative effects. This large set is 
indicative of a general trend throughout all of the 
studios to employ many low-wat£age lamps for decora¬ 
tive effects in large and miniature signs, in table lamps, 
wall brackets, and automobile headlamps; Lamps are 
even being oi)erated under water. 

The 2000-watt „G-48 bulb lamps in the 18-in, para¬ 
bolic reflector housing, and the 5000-watt G-64 bulb 
lamp in the 24-in. housing continue to be ^e most 
popular typ^ of lighting units, while the- 1000-watt 
and 1500-watt PS-52 bulb lamps, in high-efficieney 
glass reflectors, are extensively used for general 
illumination. And 10-kw. lamps in 36-in. parabolic 
reflector units are beginning to be used. One of the 
manufacturers of the 18-in. reflector tmit has shortened 
the housing to about one-half its former length, with 
the result that 30 per cent more light is emitted when 
the unit is adjusted for wider beam spreads. Another 
lighting equipment manufacturer is developing a large 
glass reflector for gaieral illumination, whiqh has an 
improved distribution and operates thelamp in a more 
favorable position than the present types. Also, this 
unit is being designed so as to use tiie 2500-watt PS-52 
bulb lamp which is now becoming popular where it is 
desired to increase the quantity of light without an 
increase in the number of imits. 

The lamp manufacturers are now mcorporating an 
internal mechanical cleaner in the form of a coarse 
tungsten powder in the 5- and 10-kw. lamps by which 
the bulb blackening can be ranoved from time to time 
during the life of the lamp. The r^ult is that the light 
output can, be maintained nearly at its initial value 
throughout the life of the lamp and this permits tiiese 
Charles Fabry and H. Bnisson, “A Study of the Ultra^j jamps to be operated at a higher effidency. 


appear to dampen the ardor of the over enthusiastic, 
but sufficient sound biological and medical evidence is 
available to justify a firm belief in a very real benefit 
to be derived from an intelligent use of radiation 
therapy, botii by the physician and in the home. 
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The 1929 Summer Convention 

A NOTABLE PROGRAM OF PAPERS, ENTERTAINMENT, AND 

RECREATION FEATURES 


T he 1929 Summer Convention will be one of tbe finest ever 
held by the Institute. The Convention will be held June 
24 to 28 with headquarters at the New Oftean Hous^ 
Swampscott, Mass. All features have been comdered which 
might make an enjoyable and worthwhile mpetang. 

A selection of particularly high-grade technical papers has 
been made. These will deal with very live topics such as distri¬ 
bution systems synchronized at the toad, automatic synchroniz¬ 
ing, communication, electrical transportation, electncal mar 
chinery, outdoor hydrogen-ventilated synchronous wndensers, 
loading transformers according to temperature, shieltog in 
electrical measurements, electrical heating elements, Mg -re- 
quency electrical tools, etc. The titles of the individual papers 
are given elsewhere in this announcement. , 

• Keviews of developments in all electrical fields yaU be pr^ 
seated in the annual reports of the Technical Committees of the 
Institute. 


The business side of the convention will include the 
Meeting of the Institute, a report of the Committee of TeUers 
on election of officers for 1929-1930, the address of the President 
and presentation of prizes for papers. 

The first Lamme Medal, which was awarded some months 
ago, wiUbe presented to the medalist, Mr. A. B. Field of England. 

There will be a lecture on the evening of June 25, by Dr. 
Harlowe Shapley; also several addresses at ^the banquet on 

customary at Summer Conventions, the first day will be 
devoted to conferences of Institute officers and dele^tes held 
under the auspices of the Committees on Sections and Branches,^ 
All m^bers are invited to these conferences. 

OUTLINE OF PROGRAM 

(Eastern daylight-saving time is indicated throughout this 
program) 



9 :00 a. m. 
10:00 a. m. 
12:30 a. m. 
2:00 p. m. 
2:00 p. m. 
2:00 p. m. 
4:00 p. m. 
4:30 p. m. 
8:00 p. m. 


9:00 a. m. 
9:30 a. m. 


Panoeamic View op Marblehead Haebob 

No locality i^ richer in opportunity for trips of engineemg, 
scenic and historic interest. A large number of trips have been 

For the recreational side of the program, a most en^usiasfao 
local Convention Committee is planning many enjoyable events. 
Swampscott is an ideal place for a convention ^ 

shore and country with excellent hotel faoih|Je8. Those who 
attended the 1923 Summer Convention at Swampscott remembw 
the very enjoyable and successful meeting held at that tune and 
it may be prophesied that the coming meeting wdl be equally 

Golf and tennis, a reception, a banquet, dancing, and card 
playing will be some of the entertainment features. More 
information, particularly on the golf tournament, is given m 

later paragraphs. , _, 

For the ladies who attend the meetmg a special program Ima 
been arranged in addition to the many features on the regulai;^ 
program which they will enjoy. 


10:30 a. m. 

1:00 p. m. 
2:00 p.m. 
2:00 p.m. 
2:30 p. m. 
4:30 p. m. 
8:00 p. m. 

9:15 p. m. 


9 :00 a. m. 
9:30 a. m. 
2 :00 p. m. 
2:00 p. m. 
2:00 p. m. 
4:30 p. m. 
7:00 p. m. 


Monday* June 24 

Registration 

Conference of Officers and Section Delegates 
Section and Branch Delegates Luncheon 
Officers and Delegates Conference (continued) •* 

Sports as scheduled ^ 

Inspection trips 

Branch Delegates Meeting 

Afternoon tea 

Informal dancing, cards 

Tuesday* June 23 

Registration 

Annual Business Meeting ^ 

Address of Welcome, Report of Board of Directors ^ 
(in abstract); Report of Tellers; Introduction of, 
and response from, the President-Elect; Presenta¬ 
tion of Prizes for Papers; President’s Address 
Two Technical Sessions, (a) Distribution and Power 
Plants; (b) Transportation 
Past-Presidents and Directors Luncheon. 

Trips as scheduled 
Sports as scheduled 
Board of Directors Meeting 

Afternoon tea ^ n 

Convention Lecture—Prof. Harlowe Shapley of 

Harvard 

Reception—dancing, cards 

Wednesday* June 26 

Social hour ^ i a • „ 

Technical Committee Reports—2 Parallel Sessions 
Technical Session (miscellaneous subjects) 

Trips as scheduled 
Sports as scheduled 
Afternoon tea 
Convention Banquet'* 

Presentation of Lamme Medals. Speakers, enter-- 
tainment, dancing, cards 
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0:00 a, 
9:30 a. 

2:00 p. 

4:30 p. 
8:30 p. 


Thursday* June 27 

All-daj" Trip to Rye Beach, Maine 
Sports as scheduled 
Final round, MersRon Cup play 
Afternoon tea 

Presentation of sports prizes, 
dancing, cards 


INSTITUTE AND RELATED ACTIVITIES 


Jpurnal A. I. E.^, 


Friday* Jun 28 


entertainment, 



Airplane View—River Works, General Electric Co. 


Friday* June 28 
0:00 a. m. Social hour 

9:30 a. in. Technical Sessions (a) Electrical Machinery, (b) 
Shielding in Electrical Measurements 
2:00 p. m. Trips as scheduled 
2:00 p. m. Sports as scheduled 

3:0(^}\ m. Start of Post-Convention Excursion through 
White Mountains 
4:30 p. m. Afternoon tea 
8:00 p, m. Dancing; cards 

LADIES^ PROGRAM 

The ladies are invited to all events, the following being listed 
as of special interest to them. 

Monday, June 24 

2:00 p. m. Putting Contest at New Ocean House—or 

2:00 p. m. Drive to Boston Art Museum 

4:30 p. m. Afternoon Tea 

8:00 p. m. Informal Reception 

8:30 p. m. Dancing, cards 

Tuesday* June 25 

10:00 a. m. Drive to points of historical interest in Boston, 
thence to Wayside Inn, Sudbury 
1:00 p.m. Luncheon at Wayside Inn, return trip through 
Lexington and Concord 
4:30 p. m. Afternoon Tea 

8:00 p. m. Lecture—^Prof. Harlowe Shapley * 

9:15 p. m. Reception—dancing, cards 

Wednesday, June 26 

10:00 a. m. Drive to Salem and Marblehead, with visits to Old 
Witch House and House df Seven Gables 
2:30 p. m. Bridge at New Ocean House 
7:00 p.m. Banquet, Presentation of Lamme Medal, enter¬ 
tainment, dancing, cards 

• Thursd&y, June 27 

9:00 a. m. All-day trip to Rye Beach 
8:30 p. m. Presentation of sports prizes, entertainment, danc¬ 
ing, cards 


2:00 p. m. Drive to Plymouth 

3:00 p. m. Start of Tour through White Mountains 

4:30 p. m. Afternoon tea 

8:00 p. m. Dancing, cards 

The g8lf links of the New Ocean House will be open to the 
ladies and a tournament will be arranged if enough signify their 
intention to enter. 

There will also be opportunity for tennis. 

Technical Sessions 

June 25 ^ 

Distribution and Power GbnbuATion 

10:30 a. m. Symposium on “Synchronized at the Load” 

I. A Fundamental Plan of Power Sapplyy 

A. H. Kehoe, United Electric Light & 
Power Co. 

II. Calculations of System Performance^ S. B. 

Griscom, Westinghouse Electric & Mfg. 
Co. 

III. System Tests and Operating ConnoctionSy 

H. R. Searing and G. R. Milne, Unitod 
Electric Light & Power Co. 

Automatic Transformer Substations of Edison EleC'- 
trie Illuminating Co, of Bostoriy W. W. Edson, 
Edison Elec. Ill. Co. of Boston 
Rehabilitation and RebuiMing of Steam Power 
PlantSy C. P. Hirshfeldi Detroit Edison Co. 
Application of Induction Regulators to Distrihutiony 
NeiworkSy E. R. Wolfert and T. J. Brosnan, 
Westinghouse Electric & Mfg. Co. 



Interior of 


pLLows Palls Station op New England 
iPowBR Association System 


Transportation 

10:30 a. m. EleetrifiaUion of the Mexican Railway, 3. B. Cox, 
General Electric Co. 

CordaeUWire Wear on Electric Railroads, I. T. 

Landhy, Illinois Central Railroad Co. 

An Electrified Railroad Suhstationy J. V. B. Duer, 
f Pennsylvania Railroad 

D-C. Railroad Substations, A. M, Garrett, Common¬ 
wealth Edison Co. 
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’ June 26 

Technical Committee Reports 
9:30 a. m. About eighteen reports will be presented reviewing 
the major activities in the fields of the various 
Technical Committees of the Insti|ute. The 
reports will be presented in two parallel sessions. 



Motor Assembling Room at River Works op General 
Electric Company 


Miscellaneous 

2-00 p, m. Master Reference System for Telephone Transviis- 
sion, W,,H. Martin, American Tel. & Tel. Co., 
and C. H. G. Gray, Bell Telephone Lalioratories, 
Inc. 

Electrical Wave Analyzers for Power and Telephone 
^ Systems, R. Q. McCurdy and P. W. Blye, 

American,T®h & Tel. Co. 

^ ' A New Automatic Synchronizer, F. H. Gulhksen, 

Westinghouse Electric & Mfg. Co. 
High-Frequency Portable Electric Tools, C. B. 

Coates, Chicago Pneumatic Tool Co. 

Design of Electric Heati'ng Elements, Edwin Pleisch- 
mann* The Niagara Falls Power Co. 

June 28 

Electrical Machinery 

9:30 a. m. Safe Loading of OiUImmersed Transformers, B. T. 
Norris, Ferranti, Limited 
Induction Motor Operation with Non-Sinusoidal 
• Impressed Voltages, L. A. Doggett and E. R. 

Queer, Pennsylvania State College 
Outdoor Hydrogen-Ventilated Synchronous Conden¬ 
sers, R. W. Wieseman, General Electric Co. 
Short-Circuit Torque in Synchronous Machines, 
Without Damper Windings^ G. W. Penney, 
Westinghouse Elec. & Mfg. CL 
A>nalytical Determination of Magnetic Fields, B. L. 
Robertson, Pennsylvania State College, and 
I. A. Terry, General Electric Co. 

Symposium on Shielding in Electrical Measurements 


4. Shielding of Cables in Dielectric Loss Measure¬ 

ments, E. H. Salter, Elec. Testing Labora- 

tories , . 

5. Precautions 'Against Stray Magnetic Fields in 

Measurements with Large Alternating Cur¬ 
rents, F. B. Silsbee, Bureau of Standards 

6. Magnetic Shielding irk Electrical Measurements, 

S. L. Gokhale, General Electric Co. 

a 

Trips 

A large number of interesting trips may be taken. Two 
special trips are being featured, one an all day trip and outing 
to Rye Beach, Maine, and the other a post-convention tour 

through the White Mountains. j 

The all-day outing will be taken on Thursday, June 27, and 
will prove a most acceptable opportunity for malang friends ,, 
and enjoying the entertainment which will be provided. 

The post-convention tom: will start on Friday afternoon, 
June 28. and will end at Greenfield, Mass., or Boston on Monday, 
July 3 * The trip will be through New Hampshire, Marne, and 
Massachusetts and will take in many beautiful lake and moun¬ 
tain scenes. The complete cost will be $48.50, with retpm to 
Greenfield,* and *54, with return to Boston. This mcludes all » 
transportation and hotels (double rooms). 

Other trips may be made to colleges, power plants, substa¬ 
tions, telephone plants, manufacturing plants and points ot , 
historic and scenic interest. Airplane trips will also be available. 

Sports 

Golf, tennis, swimming, fishing and boating will be available 

for those who wish to enjoy them. 

Both golf and tennis tournaments will be played for the respec¬ 
tive Mershon Cups. It is proposed to present the prizes on 
Thursday evening and in order to accomplish this pui^ose a 
competition must be completed before Thursday eveux g. 

On account of the limited time and as the golf competition 
will be match play, the following information on the golf touma- 
ment is given. Special note should be made of the possibility of 
playing the qualification round en Monday morning at 8 a. m. 
or 10 a. w. , 



9:30 a. m. 1. 

2 . 


3. 


Shielding and Guarding EUctrical Measuring 
Apparatus, H. L. Curtis, Bureau of Standards 
Some Problems in Dielectric boss Measuremen^, 
C. Jj. Dawes, P. L. Hoover and H. H. 
Reiohard, Harvard University ^ 

Shielding in High-Frequency Measurements, 
J. G. Ferguson, Bell Telephone Laboratories 


Silver Lake Hydroelectric Plant of Public Service 
CoBP. of Vermont 676 Ft. Head. This is Believed to be 
THE Highest HnAft Plant East of the Mississippi River 

The golf competition will consist of a qualification round 
(handicap medal play) of eighteen holes followed by match play 

^ The qualification round will be played on Mon^, only, 
June 24, 1929. The sixteen low net scores will qualify tor tJie 
match-play rounds. No green fee will be charged members and 
registered guests. 


■ I 
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A representative of the Committee will be at the Club House 
at eight a. m., Monday^ June 24y so that officers, section delegates, 
etc., who wish may play their qualification round early and still 
not miss their scheduled meetings. Also those who are not 
attending the conference may play at 10 a. m. on Monday 
morning. 

In order to avoid conflicts with business meetings and technical 
sessions, it is the wish of the Committee that play be restricted 
to the time of scheduled events, namely; Monday a. m. and 
p. m., Tuesday p. m., Wednesday p. m., and Thursday a. m. 
and p. m. 

Hotels 

The following gives information on hotels. Reservations 
should be made by communicating directly with the hotel 
selected. 

The New Ocean House will be the center of Convention 
activities. Most of the rooms are double rooms with bath and 
it is suggested tha^ as far as possible, members should request 
reservations in parties of two, since some of the single reserva¬ 
tions will have to be sent to the Hotel Preston. Some of the 
most desriable rooms situated on the ocean side are for three, 
four or five persons, so that members who make up a congenial 
party and apply for such a suite, will be assured of desirable 
rooms. Members who plan to come alone and who signify on 
their request for reservations that they will share a double room 
with another member will in general get a more desirable room 
than if a single room were engaged. 

New Ocean House 

Swampscott, Mass. 

Daily rates per person for room and meals 


• 

^ Room 

Number 
of persons 
(beds) 

With 

bath 

With 

running 

water 

Single. 

1 

$9-$10 

$8->$9 

Double... 

2 

$8-$9 

$7 

Double. 

3 

$7 

36.50 

Large. 

4 

$6.50 


Two*. 

4 

$7.50 


Tvro*. 

6 

$7 


Two*. 

6 

$6.50 

, . 


^♦Suite of two rooms with bath between. 

Rates for Meals only —For non-resident guests, combination 
tickets for meals taken in one day will be issued as follows: 

In main 

Dining In Tea 
Room Room 


Breakfast, Luncheon and Dinner 

$5.00 


Both Luncheon and Dinner. 

4.00 

$2.50 

Dinner...‘ 

3.00 

1.50 

Luncheon:. 

3.00 

1.00 


These rates include the Convention Banquet. 

Garage space in concrete fireproof garage, $1.00 per day. 


Other Nearby Hotels 

There will be free bus or auto service between the New Ocean 

House and the following hotels: 

Hotel Prescott, Beach Bluff, Mass., two miles from New Ocean 
House, rates same as New Ocean House. 

Bellevue Hotel, Beach Bluff, Mass., one mile from New Ocean 
House. Rates per person (including breakfast), single 
room $6.00; double $3.50. 

Deer Cove Inn, Swampscott, $6 per person, with meals. 

The Arkhaven, Swampscott, Rates with meals $5-$9 without 
bath; $6“$11 with bath. 

The PrisciUa, Swampscott, Rates $2; no meals. 


Joiyrnal A. L E. E.. 
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Reduc d Railroad Rat^s 

Reduced railroad rates on the certificate plan will be available 
for those attending the meeting from practically all points. 
Also summer tourist fares at a lower rate will be in effect from 
certain Western States. 

By the Cbrtificatb Plan the round trip will cost only one 
and a half times the one-way fare, provided 150 certificates are 
deposited at the Convention headquarters. These certificates 
must be obtained when visitors purchase their one-way tickets 
to Swampscott. Members of families are also entitled'‘fco obtain 
certificates. After 150 certificates have been deposited and the 
certificates have been validated, return tickets over the same 
route may be* purchased for half the usual rate. There are 
certain restrictions regarding purchase dates, travel dates, etc., 
and local ticket agents should be consulted in every case. 

Everyone traveling by train to Swampscott should get a 
certificate whether he will use it or not. Failure ^to do so may 
deprive others of considerable saving. 

Renter in Advance 

By registering in advance by mail, members will help the 
committees in making plans. Those who plan to attend may 
notify Institute headquarters. New York. 

Committees 

The 1929 Summer Convention Committee which is making 
the arrangements for the meeting consists of the following 
members who are officers of the committee or chairmen of other 
committees as indicated or general members: W. F. Dawson, 
Chairman; E. W. Davis, Vice-^Chairman; H. B. Dwight, Vice-^ 
Chairman; C. S. Skoglund, Vice-Chairman; W. H. Colburn, 
Secretary; V. R. Holmgren, Asst Secretary; F. L, Ball, Treasurer; 
H. P. Charlesworth, Meetings and Papers; W. B. Kouwenhoven, 
Sections; C. L. Edgar, Finance; C. A. Comey, Trips; F. S. Jones, 
Transportation; I. F. Kinnard, Publicity; W. E. Torter, Hotel 
and Registration; A. H. Sweetnam, Sports; Mrs. W. H. Tipibie, 
Ladies' Committee; J. P. Alexander, G. J. Crowdes, W. S.^TEdsall, 
S. J. Eynon, J. W. Kidder, R. H. Porter, W. H. Pratt, Ernest 
Shorrock, D, F. Smalley, H. B. Wood. 


Pacific Coast Convention 

The 1929 Pacific Coast Convention will be held in Santa 
Monica, California, September 3-6. Plans are well under way 
for this meeting and details of the program will be published in 
the July and August Journals. 


Regional Meeting in Chicago in December 

A three-day regional meeting will be held under the auspices 
of the Great Lakes District in Chicago, December 2-4. A local 
committee has been working on plans for some time. Further 
information will be published in later issues of the Journal. 


Japanese Ambassador Guest of Engineers 

Katsuje Debuchi, Japanese Ambassador, was the honor guest 
at a d inn er at the Carlton Hotel, Washington, D. C., Wednesday 
evening, April 24th, given by engineers, scientists, and indus¬ 
trialists who will represent the United States at the World Engi¬ 
neering Congress in ToMo i^ext November. The occasion 
marked the last meeting of the American Committee on partici¬ 
pation in the Congress, of which President Hoover is honorary 
chairman, prior tp the departure of the delegation for Japan 
neSt October. 

•The Japanese Ambassador, John Hays Hammond and 
Gano Dunn, noted electrical engineers were the principal 
speakers, and stressed the importance of welding the forces of engi- 
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nooririg and science as an international factor for the promotion 
of comfort and prosperity in the world and the abolition of 
warfare. 

Ambassador Dobuchi said Japan is always ready to cooperate 
with the rest of the world in the advancement of learning and 
civilization and expressed the hope that the bond of mutual 
understanding that has existed between the United States and 
Japan will bo cemented at the congress. 

That tlie engineer will become an ambassador of good will 
was predicted by Mr. Hammond, who said that in the material 
dovolopmont of civilization the engineer has always played an 
important role and in no period have his aotivijies been more 
important than durmg the last few decades. 

Mr. Dunn, who reviewed many of the brilliant achievements 
of Japan in tho fields of science, medicine and other arts, pointed 
to the rapid development of engineering in Japan. 

Chairman Elmer A. Sperry df the American Committee 
presided and tho chairmen of various sub-committees made 
brief reports. About sixty members of the American Committee 
were present, including the following representatives of the 
A. 1. E. E.: Messrs. A, W. Berresford, Gano Dunn, B. Gherardi, 
F. L. Hutchinson, Dugald C. Jackson, F. B. Jewett, C. 0. 
Mailloux, O. C. Morrill, Robert A, Millikan, Farley Osgood, 
K. Wilbur Rice, Jr., Chas. P. Scott, Lewis B. Stillwell, S. W. 
Stratton and Ambrose Swasey. 


The 1929 Lamme Medal 

NOMINATIONS FOR THE 1939 AWARD WILL BE RECEIVED 
UNTIL SEPTEMBER 1 

The Larnmti Medal founded as a result of a bequest of 
tlin lat.e Ihjnjamin O. Lamme, Chief Engineer of the Westing- 
house Electriij & Mfg. Company, who died July 8, 1924, to 
provide for tho award by the Institute of a gold medal (together 
with ^onm replica thereof) annually to a member of the 
A. I. E. E. “who has shown meritorious achievement m the 
dovoldpment of electrical apparatus or machinery,” and for the 
award of two such medals in some years if the accumulation from 
tho funds warrants. 

The first (1928) Lamme Medal has been awarded to Allan 
Bertram Field, Consulting Engineer,, MetropoHtan Vickers 
Kloctrical Company. Ltd., Manchester, England, for the 
mathematical and experimental investigation o* ^ 
lassos in largo slot-wound conductors in electneal 
fluid will bo presented during the Summer Convention at Swamp- 
scott, Mass., Jund 24-28. ■* 

Special attention is called to the fact that names of 
of tho Institute, who are considered suitable oai^dates for t 

LammeVodifl be awarded in the ^ “VSnTof IrS^ 
mittod by any member in accordance with Section 1 of 
VI of tho By-laws of the Lamme Medal Committee, which is 

Com^tteo shall cause to be to one or mm 

issues of the A. I. B. E. Medal’ and 

the Juno issue, a statement # National Seore- 

an invitation for as a 

Eik* nomiMtlon .hoold give condor Erf 

those of other candidates. If the worK or Tine nthoK 

rs’sisss .f •»»«« » 

specified above. • , 
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STANDARDS | 
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^ ..I.MIIMIttllUIliml 

Test Codes for Electrical Machines 

In the April Journal mention ws^ made of the proposed de¬ 
velopment of ‘‘Electrical Test Codes” and i^at a committee had 
been appointed to survey the situation. At the meeting of the 
Standards Committee May 8, the report of the special committee 
was made by its chairman, F. M. Farmer. The recommenda¬ 
tions of the special committee, approved by the Standards 
Committee were, in brief, as follows: 

1. That test codes for the more important classes of electrical 
apparatus; namely, generators, motors and transformers he , ^ 
prepared. Industry can thus be shown just what is contem¬ 
plated and some idea of cost can be obtained. 

2. That the scope of the tests be the pftescription in detail 
of the procedure followed in making the various tests commonly 
required. 

3. That the work be undertaken as an A. I. E. E. project 
under the direction of the Standards Committee, but that^in 
vieT? of the close contact of the Electrical Machinery Committee 
with the subject matter of the first proposed codes, they be 
prepared by that committee and reported to the Standards <• 
Committee. 

Definition of Distortion Factor 

At the February 27th meeting of the Standards Committee 
there was presented by the Instruments and Measurements 
Committee a proposed definition of distortion factor, as foUows: 

“Distortion factor of a periodic voltage or current wave is the 
ratio of the effective value of the residue, after the elimi^tion of 
the fundamental, to the effective value of the original wave. 

This definition was referred by the Standards Committee to 
the Electrical Machinery Committee for consideration. 

Methods of Test for Deterinlnlnd Distortion Factor 

Following the presentation of the suggested definition of dis^ 
tortion factor given above, the Instruments and Me^urements 
Committee presented at the meeting of the Standards Conimittee 
of May 9th a progress report outlining in detail four methods or 
determining the distortion factor of the voltage wave of altemB- 
tors. The methods described are as follows: (A) Method of 
Boucherot using an alternator with a sinusoidal wave and a 
voltmeter. (B) Method of Belflls using a brid^ to 
fundameutal and a voltmeter to read the residue. (C) From 
the Oscillogram. (D) By means of a harmomo 
Instruments and Measurements Commttee is gathemg toher 
data on this subject, which it is hoped will show which of the 
' various methods is preferable. 

Measurement of Core Losses 

I At the meeting of the Standards Committee of May 9th a 
: report dealing with the determination of the core losses of tran^ 

• foLers was presented by the Instruments and M^easurem^ts 

• Settee. ItreoommendedthatthefoUowingbemoorporated . 

; in the Standards for Transformers, No. 13: . , , 

“The core loss of transformers shaE he 
■with a sine wave of applied voltage; if this is not practicable, tte 

! reidts obtained with a distorted wave of applied voltage shaUbe 

^ corrected to a sine wave basis by a suitable method. 

' The committee then suggests that the av«^ble ^ 

" riven to El and outlines thwe: The standard core method. 

" £ iron-loss voltmeter method; the flux voltmeter metood. 

'■ mve standards Committee referred this report to the Bleotncal 

which it £uld appear in the Transformer Standards. 
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Definitions oftBrcakdown Voltatfe and Dielectric 
Strength 

About a year ago the Standards Committee appointed a special 
committee under the chairmanship of Doctor P. B. Silsbee of the 
Bureau of Standards to develop definitions for ‘"breakdown 
voltage*’ and “dielectricy strength.” The committee reported 
at the May 9th meeting oT the Standards Committee and the 
definitions suggeated*were accepted for reference to the subcom¬ 
mittee of the Standards Committee on Definitions and to a com¬ 
mittee on Insulation of the National Research Council. The 
definitions suggested follow: 

Breakdown Voltage 

The breakdown voltage of an insulating structure is that mini- 
^ * mum voltage, which when applied to a set of conductors sep- 
^ arated by the structure causes a sudden disruptive discharge to 
take place. 

In certain cases more specialized terms may be used to desig¬ 
nate the breakdown voltage corresponding to particular condi¬ 
tions. Thus 

, The term “flashover voltage” is used in connection with 

line insulators or bushings to designate the breakdown voltage 
at which the dischai^e takes place through an air path around the 
insulator; while 

^ 2. the term “puncture voltage” is used to designate the volt¬ 

age at which the discharge occurs through the insulating material. 
Also 

3. the term “corona voltage” is used to designate the voltage 
required to initiate the partial breakdown of gaseous and liquid 
dielectrics, known as corona or brush discharge; while 

4. the term “sparking voltage” is used to designate the equal 
or higher voltage at which the corona discharge changes to a 
spark, 

The numerical value of the breakdown voltage which is ob¬ 
tained in any particular ease will depend upon various factors 
such as the shape and size of the electrodes, kind, frequency, 
wave form and rate and time qf application of voltage, tempera¬ 
ture, atmospheric pressure and humidity, etc. 

' Values of breakdown voltage are expressed in terms of the 
crest voltage in the ease of direct or of impulse voltage but in 
J:erms of effective sine-wave voltage in the case of alternating 
voltage of low or high-frequency. 

Electric Strength 

The electric strength of a dielectric is that property by virtue 
of which the dielectric is able to withstand electric stress. 

Electric strength is commonly expressed as the ratio of the 
breakdown voltage of the dielectric to its thickness; e. g., volts 
per mil, volts per cm., kilovolts per mm. 

Comparable values of electric strength for different materials 
can be obtained only from tests under identical conditions. 
Among these conditions are the shape, size and spacing of the 
electrodes, the frequency, wave form and rate and time of applica¬ 
tion of the voltage, the temperature, the atmospheric pressure, 
the humidity, etc., and the surrounding medium, (air or oil, for 
example). 

When the dielectric is of such form that the average electric 
stress differs from the maximum electric stress within the dielec¬ 
tric, as for example, in electric cables, it is important to specify 
whether the average or the maximum value fe being given. 

Electric strength is also called “dielectric strength,” “critical 
gradient,” “disruptive gradient,*’etc. 

Proposed Standards for Constant Current Transformers 

* ^ -* 

At the May 9th meeting the Committee on Electrical Machinery 
presented to the Standards Committee a report in the form of 
proposed Standard for Constant Current Transformers. This 
proposed standard will be printed in report form and for purposes 
of criticism and suggestion will receive wide distribution before 


r 


coming up for final adoption. Copies will be available within 
the next two weeks and may be obtained without charge by 
writing to H. E. Farrer, Secretary, Standards Committee, 
A. I. E. E. Headquarters. 

Code for Protection Against Li^htnin^ Becomes American 
Standard 

Under date of April 4, the American Standards Association 
approved parts I, II and III of the Code for Protection Again.st 
Lightning. Part I covers protection of persons and P&t II pro¬ 
tection of buildings and miscellaneous property. These was 
approved as American Standard, while Part III. on protection of 
structures conrtaining inflammable liquids ;and gases, was ai>- 
proved as a Tentative American Standard. There are two ad¬ 
ditional parts of the code dealing with electric linos and apparatus 
still in process of development. While the A. I. E. E. and the 
Bureau of Standards are joint sponsors of this project, the code 
will be published and sold by the Government Printing Offico, 
Washington, D. C. 


! AMERICAN ENGINEERING COUNCIL I 

I,,.....................I 

ADMINISTRATIVE BOARD SPRING MEETING 
AT WASHINGTON, D. C. 

Upon the call of President A. W. Berresford, the Adminis¬ 
trative Board of American Engineering Council met in Waslijng- 
ton, Friday and Saturday, May 24-25, preceded by an Execu¬ 
tive Committee meeting on May 23 in the same place. 

The meeting held in the Mayflower Hotel was tlie first 
meeting of the Administrative Board sinco the annual meeting in 
January, 1929. The Board is composed of the following members 
of American Engineering Council: A. W. Berresford, President; 

H. E. Howe, Treasurer; yice-Presidents, L. P. Alforj[;l, 0. H. Kocdi, 

I. E. Moultrop, G.S. Williams, Edwin F. Wendt, R. F. Schuchardt, 
M. M. Fowler, Col. J. H. Finney, H. A. Kidder, Farley psTgood, 
C. E. Skiimer, William Boss, John lu Harrington, Williani S. 
Lee, R. C. Marshall Jr., Chas. Penrose, Elmer Sperry, 'D. R. 
Yarnall, W. F. Rittman, Edward Robinson, Burritt A. Parks, 
John S. Dodds, James R. Withrow, A. A. Krieger, H. A. Mar¬ 
shall; also three members of the American Society of Civil Engi¬ 
neers which has recently become a member of Council; mz., A. J, 
Dyer, Vice-President L, S. C. E.; Frank Williams, Director 
1928, and George T. Seabury, Secretary. 

The chief matters of business to come before the Board wore: 
Water Resources Legislation now being proposed by the various 
states and the extent to which, if anyf council should partkipate 
in this movement; the distribution and use of the Report on 
Street Traffic Signs, Signals and Marldngs; the approval of the 
personnel of important committees; future flood ^control policy 
of Council; also a discussion of the program of Council for the 
next six months. 


A. E. C. APPOINTS COMMITTEE ON DAMS 

President A. W.^erresford has announced the appointment of 
the committee on legislation pertaining to the safety of dams, 
composed as follows: G.S. Williams, Ann Arbor, Miteh., Chairman* 
L. F. Harza, Chicago, Ill.; Chas. G. Hyde, Univ. of CaJif., W. P. 
Kreager, Vice-President and Chief Engr., Northern N. Y. 
Utilities Co., Trust Power Bldg., Watertown, N. Y.; W. S. Lee, 
Duke Power Co., Charlotte, Nr C. 

The integrity and professional qualifications of the members 
of this committee assure a report of distinct service to the 
American public and to all professional engineers whose duties 
brmg them in contact with the construction of dams. 

^'V^ne of the first tasks of the committee will be to ascertain the 
facts connected with this problem. All the various methods of 
dealing with the question of the safety of dams will be analyzed 
and the most reasonable and practical solution to the problem 


¥ 
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will 1)0 ro<*()nunonded to A. E. C. In order that those in posi¬ 
tions t)!* autliority on this subjeet may avail themselves of its 1 
inrorinatiou this report, if approved by Council, will then be t 
circuUilod widely. r 

_ m a 

Dallas Holds Outstanding Regional ] 

Meeting « 

An outs^nauding success among regional meetings of the In- 
s!itut o was the meeting held under the auspices of District No. 7 i 
at tin* Ailolphus Hotel, Dallas, Texas, May 7-9. The registered i 
tondanco of 541 is remarkable in a locality where travel ] 
dist.ainM*s are grea4, w'^iere the total membership oi the District, i 

wliicli iucludos six states, is only 630 and the membership of the 1 
Dallas Sfc.t ion is only about 100. The interest of those attending 
was maintained throughout the meeting as indicated by the . 
fact, that^ the atlcndance at the teclipieal sessions was never less < 
I ban 325. At an address on the evening of May 7, there were 
750 prosiml, many of whom were not registered in the regular 
alUunlance records. One noteworthy feature was that about 
200 members of Branches were present to take part in the 
Sludont ilivision of the program. 

T'he siuiior technical program consisted of fifteen papers 
presimled in four sessions, the first session opening with an ad¬ 
dress of wcacoim^ by W. Carpenter, President of the Texas 
Power and Light Company. A summarized report on the 
disi'ussiou at. these sessions will be published in the July Journal 
ami t.lu* (complete discussion will be published with the respective 
patiors in. the Transactions. 

Two Student .sessions wore held and these are described 
nior(» fully in the “Student Activities” section of this Journal. 

A most interesting lecture with many striking demonstrations 
was given on the evening of May 7. This lecture entitled 
ScirncM and Hrilt^arch in Telephone DevelopTfienl, was presented by 
S P. (ljpac.e of the Bell Telephone Laboratories, Inc. Of special 
iiilerest. wcto the demonstrations of “inverted” speech, delayed 
1 ransmissidti of souiul, and’the artificial larynx. 

Stiveral inspection trips were taken to power stations, tele¬ 
phone plants, fiRaories, and other places of engineering interest. 

A diiin(U*-dance on the evening of May 8 attended by more 
t han 1 hrcM^ hundred and a luncheon with the Dallas Electric Club 
on May 7 were very pleasant features of the meeting. 

llighc'st. praise is due the local committees for their organizing 
alulit v and onthusiasm in creating exceptional interest m the 
mooting and for the effective manner in which all events were 

conduct(»d. * ** 

The Regional Meeting Committee which had charge of 
iiH^otinK was as follows; B. D. Hull, Clmrrmn, 

South WU DM; A. E. AUen, Seerfitarj,. SouiA ^ 

1 T Bliiisdoll C. V.Bullen,B.J. George, W.C. Looney, U. A. 

Mm; O P Pott;r; G. C. Shaad, J. B. Thomas. The general 
Loiai ('ommitteo consisted of G. A. Millactofman, A. Chetham- 
Strode xemlary and the chairmen of committees as follows. 
J. B. Thomas. hMvngs 

ami Publicitin G. G. Matthews, Finance; Q. C. Shaad. Student 
Aclmlies, 


National Prizes A^^arded for Papers 

vt Prizes for papers presented during 1928 have 

.h» bdM 

A™,a.» 

follows: • 


The Committee on Award of Institute Prizes for the j^ear 
1928 has had a large number of very excellent papers from which 
to select the prize winners. In determining which of these should 
receive final consideration, the Committee has had the valuable 
assistance of the Chairmen of the various Technical Committees. 

In all, 107 papers were eligible under th% Institute Rules for the 
First Prize. Nine were eligible for the Brize for Initial Paper 
and eight for the Prize for Branch paper. 

In studying these papers, the procedure outlined in the Rules, 

■ adopted by the Board of Directors June 23, 1927, and revised 
as of December 7, 1928, and the rating plan contained therein, 
have been followed. As a result of its work, the Committee has 
awarded four National Prizes. Also five papers have been given 
honorable mention. The awards are as follows: 

National First Prize in the field of Engineering Practise * 
awarded to Philip Spom for his paper entitled “Rationalization 
of Transmission-System Insulation Strength,” presented at the 
District No. 1 Meeting, New Haven, Connecticut, May 9-12,1928. 

National First Prize in the field of Theory and Research 
awarded to Joseph Slepian for his paper entitled “Extinction of 
an A-C. Aroi” presented at the Summer Convention, Denver, ^ 
Colorado, June 25-29,1928. 

Honorable Mention in the field of Theor>^ and Research 
awarded to: , 

Harry Nyquist for his paper entitled “Certain Topics in 
Telegraph Transmission Theory” presented at the. Winter 
Convention, New York, February 13-17,1928. 

Robert E. Doherty and Clifford A. Niclde for their paper en¬ 
titled “Synchronous Machines—IV” presented at the Winter 
Convention, New York, February 13-17, 1928. 

Joseph T. Lusignan, Jr., for his paper entitled “A Study of 
High-Voltage Flashovers” presented at the District ^o. 4 
Meeting, Atlanta, Georgia, October 29-31,1928. 

National Prize for Initial Paper awarded to Hubert H. Race 
for his paper entitled “Electric Conduction in Hard Rubber, 
Pyrex, Fused and Crystalline Quartz” presented at the District 
No. 1 Meeting, New Haven, Connecticut, May 9-12,1928. 

Honorable Mention for Initial Paper awarded to Ludwig . 
Enoke for his paper entitled “Interconnection of Power and 
Railroad Traction Systems by Means of Frequency Changers ^ 
presented at the District No. 1 Meeting, New Haven, Conneeti- 
^ cut, May 9-12,1928. 

; National Prize for Branch Paper awarded to Paxil Kiev, Jr., 
and D W. Shirley, Jr. for their paper entitled ‘ The Voltage- 
Ratio Characteristics of Audio-Frequency Transformers Deter¬ 
mined by the Low-Voltage Cathode-Ray OsciUo^ph, pr^ 

) sented at the joint meeting of the Oregon State College Branch 
. and the Portland Section, May 26,1928. 

* Honorable Mention for Branch Papers awarded to E. B. 

; Torvik, A. A. Lundstrom and M. D. PiUaxs for their paper 
entitled “Electrical Characteristics of Neon Sigiw presented a 
the joint meeting of the Oregon State CoUege Branch and the 

j Portland Section, May 26,1928. 

On account of the excellence of a large number of the papew it 
’ was <iuite difacult to make the final selection. This was partly 
1 ^arly true in connection with the papers to he considered for the 
]^s/Prize in the field of Theory and Research, m which there 
were many very high;jgrade papers. As indicated above, it w^ 
thought that three 

mention. No prize was awarded for a paper m the field of Pubhe 

re Relations and Education. 

Respectfully submitted, 

I®' (Signal P. W. Pbbk, Jn. 

(Signed) W. S. Gorbtjch 

^ fSiened) H. P. Chaeleswobth, 

et V® Chairman 

• A. I. B. E. Committee on Award of Institute Prizes 
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Districts Award Paper Prizes 

Twelve Regional Prizes for papers presented during 1928 have 
been awarded by five Districts the Institute. Each of these 
prizes consists of an appropriate certificate and S26 cash, the 
cash award being divided in ease of joint authorship. The 
awards are as shown befcw. 

. District no. i 

Regional First Prize* C. F. Estwiek for his paper entitled 
Shuniing of Track Circuits in a Polyphase System of Inductive 
Train Coniroly presented at the New Haven Regional Meeting, 
May 9-12,1928. 

Regional Prize for Initial Paper. H. H. Race for his paper 
entitled Electric Conduction in Hard Rubber, Pyrex, Fused and 
^ Crystalline Quartz, presented at the New Haven Regional Meet¬ 
ing, May 9-12,1928. 

Regional Prize for branch Paper. J. R. Burnett and S. R. 
Knapp for their •paper entitled Special Oscillograph Studies of 
Alternator Short Circuits, presented at the Student Session of the 
New Haven Regional Meeting, May 9-12,1928. 

district no. 2 

' Regional First Prize and Reciional Prize for Initial 
Paper. Lester L. Bosch, for his paper entitled Devel€lt>meni, 
Theory and Design of the Low~Voltage A-C. Network, presented 
•• before a meeting of the Cincinnati Section on April 12,1928. 

Re^onal Prize for Branch Paper- D. T. BeU and A. M. 
MarzuUi, for their paper entitled Acoustic Shock and Hazard in 
Telephone Communication, presented before a joint meeting of 
the University of Cincinnati Branch and the Cincinnati Section 
on May 10,1928. 

DISTRICT NO. 8 

R^^onal First Prize. J. S. Carroll and Bradley Cozzens for 
their ^iper entitled SpherC’^ap and Point-Gap Arc-Over Voltage 
as Determined by Direct Measurement, presented at the Pacific 
Coast Convention, Spokane, Wash., August 28-31,1928. 

Regional Prize for Initial Paper. L. J. Turley for his paper 
entitled Automaiic Mercury .Arc Power Rectifier Substation on 
the Los Angeles Railway, presented at the Pacific Coast Conven- 
“ tion, Spokane, Wash., August 28-31,1928. 

Retiional Prize for Branch Paper. P. E. Warrington for 
^ his paper entitled The Effect of Barriers in Insulating Oil, pre- 
^sented at the Student Session of the Pacific Coast Convention, 
Spokane, Waah., August 28-31,1928. 

DISTRICT NO. 9 

Regional Prize for Branch Paper. Paul Elev, Jr., and 
D; W. Shirley, Jr., for their paper entitled The Voltage-Ratio 
Characteristics of Audio-Frequency Transformers Determined by 
the Lov)-Voltage Cathode-Bay Oscillograph, presented at a joint 
meeting of the Oregon State College Branch and the Portland 
Section, May 25,1928. 

DISTRICT NO. 10 

Regional First Prize. H. M. Lloyd for his paper entitled 
Railway Motors, presented at the Vancouver Section meeting 
Mayl, 1928. 

Regional Prize for Initial Paper. H. R. Sills for his paper 
entitled Starting Characteristics of Synchronous Motors, presented 
at the Toronto Section meeting March 9,1928. 

Plans for Power-Circuit Colloquium Now 
Complete 

Final announcement with regard to the program for the 
summer cdlloquinm on power-circuit analysis which is scheduled 
at the Massachusetts Institute of Technology June 10-22, 1929, 
has now been made by G. Dahl, Director of the Colloquium. 
The technical sessions will he conducted by means of lectures 
and round-table discussions by members of the Electrical %igi- 


neering staff and engineers invited from the industries, including 
manufacturing companies, operating companies, consulting 
engineers and those by whom the problem of power-system 
stability may be amply represented. Professors D. C. Jackson, 
V. Busl^and Director Dahl will be the speakers at the first 
technical session, opening the afternoon of Monday, June 10. 
Information regarding further sessions, may be obtained by 
addressing the Director, G. Dahl, Department of Electrical 
Engineering, Massachusetts Institute of Technology, pambridge, 
Mass. 

Radio Gommissiou Membership Coufirmed*’ 

In February of this year, former President Coolidge recom¬ 
mended to the Senate for membership on the Federal Radio 
Commission, Arthur Batchelor of Massachusetts, and Prof. C. M. 
Jansky of Minnesota. The Senate, however, adjourned March 4 
without confirming these afipointments. 

Upon the advent of President Hoover’s administration, Gen. 
Chas. M. Saltzman and Wm. D. L. Starbuck, of Connecticut, 
were nominated for membership on the Radio Commission 
and these appointments have been con^ rmed by the Senate. 

Both men have been identified with the field of radio engineer¬ 
ing for a number of years, Gen. Saltzman through the Signal 
Corps of the U. S. A., and Mr. Starbuck, although receiving his 
early training as an engineer, is an attorney, and has devoted him¬ 
self to the legal aspects of radio problems. 

Welding Code for Building Construction 

Code 1 Park A—Structural Steel, covering fusion welding 
and gas cutting in building construction has just been formally 
approved and issued by the Americaii Welding Society. Parts 
B and C, relating to piping and tankage in buildings are being 
prepared. «r ^ 

This is the result of the increased use of welding and gas 
cutting in the construction and equipment, of buildings. It 
has been brought to the attention'•of the AmericafU Welding 
Society with requests for assistance in the formulation of a revi¬ 
sion to the resent existing Building Codes, or, if needs 
be, a set of new codes on the fabrication and erection of structural 
steel, piping, and tankage of buildings. In response to these 
requests, the Committee on Building Codes was appointed by 
F. T. Llewellyn, President of the American Welding Society, 
and the work of formulation has already progressed as reported 
in the first paragraph. This being the first edition of the Code, 
it has been made as simple as possible; the Committee, however, 
will gladly assist anyone in its interpretation if desired. Address 
communications to the American Welding Society, 33 West 39th 
St., New York, N.Y. 

* r 

_ • 

Changes in Federal Power Commission 

The Federal Power Commission is composed of the Secretary 
of War, James W. Gooq; Secretary of Interior, Ray Lyman 
Wilbur, and Secretary of Agriculture, Arthur M. Hyde. Presi¬ 
dent Hoover has designated Secretary of War Good as Chairman 
of the commission. 

After serving for five years with the Federal Power Com¬ 
mission, Major Glen E. Edgerton has been ordered to the U. S. 
Military Academy to serve as an instructor of civil and military 
engineering. He is to be succeeded by Col. Max Tyler. 

Prior to becoming chief engineer of the Commission, Major 
Edgerton occupied the office of Assistant Chief. He had pre¬ 
viously served for two years as director of sales for the War 
Department, fivS years as Chief Engineer of the Alaskan Railroad 
Commission, and two years on the Panama Canal. He has 
served also as a member of the Board of Engineers for Rivers and 
Harbors. He will not assume new duties at West Point until 
August 24,1929. ^ 
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Grand Rapids Elects Engineer 

The citizens of Grand Rapids, Michigan, recently elected 
Mr. Burritt A. Parks, member of the Assembly of American 
Engineering Council, and Chairman of the Peninsula^ection of 
the A. S. M. E., a member of the City Commission. The group 
supporting Mr. Parks ran hi m under the slogan, “You Put an 
Engineer in the White'House, Why Not One on the Commission.” 


PattW New Director U. S. Coast and 
Geodetic Survey 

Following the death of Col. E. Lester Jones *t his home in 
Washington on** April 9, President Hoover has appointed 
Raymond P. Patton Director of the U. S. Coast and Geodetic 
Survey. 


Progress on Survey of Land Grant Colleges 

The Bureau of Education of the Department of Interior has 
announced extraordinary progress in the land grant college 
survey. The first questionnaire in this survey was distributed 
less than a year ago. Since then, 17 additional questionnaires 
ranging from 24 to 408 pages have been prepared and sent to 
60 colleges attended by white students. Up to the present time, 
516 of the questionnaires, or almost three-fourths of the total, 
have been returned to the Bureau completely filled out by the 
colleges. 

The work of filling the engineering questionnaire has been 
completed by almost two-thirds of the colleges. Forty of the 
Institutions have returned their copies to the bureau. The rapid 
progress made in the case of this questionnaire, it is stated, was 
due largely to the personality and energetic activity of Dean 
A. A. Potter, School of Engineering, Purdue Univ. 

The data and items covered by this (Juestionnaire avoid the 
field covered by the recent study of the Society for the Promotion 
of Engineering Education.The Bureau is now engaged in com¬ 
piling and*" studying the data, and it is expected that within a 
comparatively short time some very constructive results will be 
forthcoming. Additional information concerning this survey 
may be obtained through the Bureau of Education, Department 
of Interior. 


Boulder Engineers Named by Wilbur 

Secretary Ray Lyman Wilbur of the Department of Interior, 
has announced the appointment of the following three out¬ 
standing engineers as consultants in the field service in the 
Bureau of Reclamation; Louis C. Hijl, Colorado; Andrew J. 
Wiley, Idaho, and Win. F. Durand, Gal.^ 

These men will concern themselves particularly with the 
Boulder Canyon or Colorado River project. Mr. Hill was long 
in the service of the Bureau of Reclamation. Andrew J. Wiley 
has had a large experience in constructing irrigation systems, 
power plants and related w'orks, and has a world reputation in 
the building of dams. Doctor Durand, for years Professor in the 
Engineering School at Stanford University, has participated in 
former studies of the Colorado River made by the Reclamation 
Service, In 1927 he was appointed a special adviser in the then' 
proposed development of the lower Colorado River. His report 
was before Congress during the time that the l^slation providing 
for the clevelopmenb of that region was being considered. He 
served on the President’s Aircraft Board in 1925, and as a 
scientific attache of the American Embassy in London during 
the war. 


Mr. Van Wagenen Appointed Boundary 
Commissioner 

To fill the vacancy caused by the death of E. Lester Jones, 
James H. Van Wagenen, formerly Chief Engineer of the U. S. 
Section of the International Boundary Commission, has been 
appointed Commissioner of the International Boundary Com¬ 
mission for the United States. This Commission is charged with 
the responsibility of definitely locating the boundary ^tween 
United States, Alaska, and Canada and the promotiou^f Mr. 
Van Wagenen to head the Commission with which he has been 
connected for so many years is viewed by the engineering profession 
as not only wise but well-earned. He is a member of the Ameri¬ 
can Society of Civil Engineers and of the Washington Society of 
Engineers, has been active in American Engineering Council a sa 
member of the aimual meeting committee, and was chairman of a ’ 
special committee of Council to investigate methods of stabiliz¬ 
ing business as part of the work of the Conference on Unemploy- ^ 
ment, called by Pres. Harding, Sept., 1921. ^ 


Engineer of Bureau of Public Roads Loaned 


to Colombia 

* Edwin W. Janies, Chief of the Division of Design of the 
Bureau of Public Roads, U. S. Department of Agriculture, has 
been appointed by the government of Colombia to serve as a 
member bf a commission to study and prepare pl^s for the im¬ 
provement of the entire system of transportation and com¬ 


munication in that country. 


Mr. James has secured leave of absence of from three to six 
months to perform this work. He sailed from New York on 
March 21. ^ 

He has a wide knowledge of all phases of hi^iway engineering 
problems, and Ifis recent book entitled ‘‘Highway Construction, 
Administration and Finance” translated into Spanish, has 
enjoyed a wide circulation in Central and South America as well 
as in this country. He is also the author of numerous papers and 
technical treatises on highway engineering. ^ j 

This appointment and method of handling it is considered 
highly appropriate, and is in conformity with the procedure 
recommended by American Engineering Council in such-cases^ 
In the last session of Congress, a bill, H. R. 73^, provided for 
the use of Bureau of Public Roads highway engineers in Latin- 
American countries but made provision for the payment of their 
salaries during such time by the U. S. Govt. This measure was 
opposed by American tJngineering Council. ^ 


Gcrinaii Engineer on Lecture Four 

EUROPEAN AUTHORITY ON HYDRAULIC STRUCTURE 
EXPERIMENTATION VISITS AMERICA 

Doctor Theodor Rehbock, an internationally known authority 
on hydraulics, arrived in America on March 16, and upon the 
invitation of Doctor S. W. Stratton delivered, at Massachusetts 
Institute of Technology, a series of lectures which terminated the 
second week in April. He then made a short trip into Canada, 
and, returning, lectured at University of Cornell, Detroit, and the 
University of Michigan. Arriving in Washington, D. C., April 
20 , he attended the annual meeting of the National Academy of 

Science, April 22, delivering a lecture on “The Use of Time 
Corrected Films in Hydraulic Experimentation.” 

On April 24, he was the honor guest at a dinner at the Cosmos 
Club given under th« auspices of the Washington Society of 
Engineers. 

•Upon the invitation of Col. E. M. Markham, Commandant 
of the Ft. Humphreys School of Engineering for Army Officers, 
Doctor Rehbock was scheduled to^eli''^®^^ illustrated lectures 
on the afternoons of AprU 25 and 26, but a slight indisposition 
caused a postponement of these lectures. He is now on a tour 
of inspection of the flood control works of the Mississippi River, 
and will visit Omaha, Kansas City, St. Louis, Memphis, and 
posstbly New Orleans, returning to Washington May 5. 
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Mississippi Flood Control Opposition Grows 

The Flood Control Act of IQgS, under which the so-called 
Jadwin plan is being carried out by the Corps of Engineers, is 
less than a year old, but as the details of the project have become 
known, the inhabitants of the region have become more and more 
incensed and are dema^dii^ a reconsideration of the plan by an 
impartial and competent authority. 

It is reported that the Army engineers fearing executive inter¬ 
vention are rushing into immediate construction the two most 
controversial features of the entire flood control plan, and have 
advertised the letting of construction contracts in the proposed 
Missouri floodway for May 22, with served notice that construc¬ 
tion contracts on the Bouef flood way will be let on or about June 
1. A non-partisan delegation from the Senate and House of 
Representatives has called upon President Hoover to discuss with 
him the Mississippi flood control situation and has been requested 
to prepare a written memorandum for his consideration setting 
forth its recommendations as to the executive action trhich he 
could and should take, and, the remedial legislation necessary 
to carry out the flood control act of 1928 as Congress had in¬ 
tended it to be carried out. • 

The report of the A. E. C. Flood Control Committee composed 
of Baxter L. Brown, John R. Freeman, Arthur E. Morgan, and 
Gardner S. Williams, was presented in Januarj^ 1928, and there is 
nothing to indicate that the situation is any different today than 
a 5 "ear ago. 


Government Reorganization 

Hon. Frederick W. Ballinger of Massachusetts introduced 
into the special session of Congress, April 18, a bill H. R. 1214, 
to authorize the President of the United States to reorganize the 
executi^'e departments of the Government. The power given 
in the bill expires two years from date of passage. 


A. I. E. £. Directors Meeting 

The regular meeting of the Board of Directors of the American 
Institute of Electrical Engineers was held at Institute head- 
‘ quarters. New York, on Wednesday, May 22,1929. 

There were present: President R. F. Schuchardt, Chicago, Ill.; 

. Past-President B. Gherardi, New York City; Vice-Presidents 
J. L. Beaver, Bethlehem, Pa.; A. B. Cooper, Toronto, Ont.; 
Is. A. Kidder, New York City; Directors M. M. Fowler, Chicago, 
Ill.; C. E. Stephens, New York City; I. E. Moultrop, Boston, 
Mass.; H. G. Don Carlos, Toronto, Ont.; E. B. Meyer, Newark, 
N. J.; J. Allen Johnson, Niagara Falls, N. Y.; National Secre¬ 
tary Hutchinson, New York City. Present by invitation, Pro¬ 
fessor Harold B. Smith, Worcester, Mass., presidential nominee. 

The minutes of the Directors’ meeting of March 21,1929, were 
approved as preriously circulated. 

The Board ratified the action of the Executive Committee, 
under date of April 8, 1929, on pending applications as follows: 
143 Students enrolled; 189 Associates elected; 11 Members 
elected; two applicants transferred to the grade of Member; six 
applicants transferred to the grade of Fellow. • 

Appomtment by the Executive Committee of Mr. Bancroft 
Gherardi as a Director of the American Standards Association 
was Confirmed- 

Reports of meetings of the Board of Examiners held April 3 
and May 15,1929 were presented. Upon the recommendation of 
the Board of Examiners, the following actions were taken: 183 
Students were enrolled; 138 Associates were elected^ 21 appli¬ 
cants were elected to the grade of Member; one applicant was 
elected to the grade of Fellow^ 25 applicants were transferred to 
the grade of Member;six applicants were transferred to the grade 
of Fellow. 

The Secretary reported 1462 members in arrears for dues for 
the year ending April 30,1929, and was directed to transfer these 
members from the mailing list to a ^‘suspended ” list, and t<?em¬ 


ploy the usual methods of collecting the dues and restoring tho 
members to the active membership list. 

Approval by the Finance Committee, for payment, of monthly 
bills amounting to $27,963.46, was ratified. 

The anifual report of the Board of Directors to the membership, 
for the fiscal year ending April 30, 1929, as prepared under the 
direction of the National Secretary, was considered and approved 
for presentation at the Annual Meeting of the Institute, on June 25. 

The annual report o# the National Treasurer for thediseal year 
ending April 30,1929, was received. 

The annual reports of the general standing committee.s of the 
Institute (ex<^usive of the reports of the technical e<mimittoos, f 
which are presented at the Annual Siinfme*? Convention, in 
June), were presented, abstracts of which were incorporated in 
the Board of Directors’ annual report. 

The following were made “Members for Life’’ by exemption 
from future payment of due?, in accordance with Sec. 22 of the 
Constitution: Alton D. Adams, W. L. Bliss, L. S. Boggs, W. C. 
Burton, F. Elliot Cabot, H. B. Coho, Edward A. Colby, L. K. 
Comstock, F. J. Dommerque, W. L. R. Emmet, J. B. Bntz, 
C. S. Hammatt, William R. Hewitt, H. M. Hobart, Thomas U. 
Rosenburgh, Frank J. Sprague, Henry C. Townsend, B. W. 
Trafford, P. V. R. Van Wyck, Charles H. Wilson. 

A petition for the formation of a Section at BLrmingiiam, Ala., 
was presented, and in accordance with the roeommemlation of 
the Sections Committee, the petition was granted. 

Upon the recommendation of the Committee on Student 
Branches, authorization was given for the establishment of 
Student Branches at North Dakota Agricultural College, Sou th¬ 
em Methodist University, and University of New Mexico. 

In accordance with Sec. 37 of the Constitution, the appoint¬ 
ment of a National Secretary for the administrative year begin¬ 
ning August 1, 1929, was considered, and National Secretary 
F. L. Hutchinson was rpappointed. ^ 

Upon the recommendation of the Standards Committ.ee, ap¬ 
proval was given to the discharge of the Sectional Comuiftteo on 
Rating of Electrical Machinery; a revision of the St^dards for 
Hydraulic Symbols was approved, and approval given to tlio 
preparation of electrical tests codes for- the important classes of 
electrical apparatus; namely, generators, motors, and trans¬ 
formers. 

The President was authorized to appoint delegates of tho In¬ 
stitute to the International Conference on Large Electric High- 
Voltage Systems to be held in Paris, June 6-15. 

Other matters were discussed, reference to which may be found 
in this and future issues of the Journal. 


Book Reviews 

Handbook op RBPRiGBRATiNa ENGiNBBRiNa. By^ W. R. 
Woolrich, M. E. D. Van Nostrand Com]^any, Inc., Now 
York, N. Y., 332 pp., 6x7 in., flexible cloth, illustrated, 
1929. Price $4.00. 

This book comprises a very complete compilation of data on 
refrigeration which has recently come into such common use 
that a study of ita general principles and the apparatus employed 
becomes of impdkance. The work has been designed for the 
instruction of constructing and operating ei?gineers and for 
students in engineering colleges, and has been developed as a 
series of lectures: It contains 19 sections on various phases of 
re^geration and a supplementary section of miscellaneous 
tables. Each section concludes with a series of practical prob¬ 
lems and questions by means of which the student can test 
his knowledge of the subjects covered. The treatment is brief 
jnd concise, and the book contains sufficient information to solve 
atoost any practical problem in refrigeration. 

%ow TO Wind Direct-Current Armatures. By W. E. 
Hennig. The Bruce Publishing Company, Milwaukee, 
Wisconsin. Second edition, revised, 206 pp., 7xl0}i 
in. cloth, illustrated, 1928. Price $^00. 
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The author presents in a very clear and practical manner the 
numerous types of d-c. armature windings with dia¬ 
grams and explanations which a student who has had no engi¬ 
neering training can understand. The book is addressed to the 
practical armature winder and home student rather tlian the 
technically educated engineer, as it contains but little mathe¬ 
matics and theory, and- is not a treatise on the principles and 
design of d-c. machines. It, however, explains and illustrates 
practically cill of the d-c. winding diagrams in general use and 
in addition contains useful information on armature testing, 
adapting machines to changed conditions, and numerous exam¬ 
ples of rewinding for voltage changes. The author’^ experience 
both as a teacher %nd'*a commercial engineer has enabled him 
to produce a work in accord with the latest commercial and 
manufacturing practises. 

The Electrical Conductivity op the Atmosphere and 
Its Causes! By Victor F. H($ss. Translated from the 
German by L. W. Codd. D. Van Noslrand Company, 
Inc., New York, N. Y., 5% by 8% inches, 204 pp., cloth, 
illustrated, 1928. Price S4.00. 

The rapid advances in the knowledge of the conduction of 
electricity in the atmosphere which has taJcen place in recent 
years has been available only in articles scattered through 
technical periodicals. The book by Dr. Hess offers a very 
complete treatise on atmospheric ionization under a single cover, 
which has been revised during the course of translation to include 
the progress in this held down to January, 1928. The general 
explanation of electrical conductivity in the atmosphere is 
followed by a study of gas ions and the sources of ionization. 
The concluding chapters treat of the processes which operate to 
destroy ions, and the ionization balance of the atmosphere. 
The work of the numerous investigators in this held is reviewed 
and a bibliography on atmospheric electricity and collateral 
researches is in^uded. The book is addressed primarily to 
scientists but it includes fundamental theory and results which 
will app^l,to the general reader. 

The Radio Manual. By.•George E. Sterling. Edited by 
Robertas. Kruse. D. Van Nostrand Company, Inc., 
New York, N. Y., by 8 inches, 6G6 pp., cloth, illus¬ 
trated, 1929. Price $6.00. 

This is a comprehensive handbook on the general theory ajid 
practise of radio, and covers the subject so fully that it will be 
found useful to anyone interested in the subject, whether expert 
or amateur. There are several chapters devoted to the elements 
of electricity and magnetism loading up to the theory of radio, 
followed by detailed descriptions of numerous transmitting and 
receiving sets with* their circuit diagrams. There are also 
descriptions and circuit diagrams of commercial and broadcast 
apparatus as used on board ships and in land stations, with 
instruction^ for i»aintenanoe, operation, finding defective parts, 
and making necessary repairs and replacements. Radio laws 
of the United States and the International Telegraphic Confer¬ 
ence are given and a chapter is devoted to handling and abstract- 
ng traffic. Sufficient information is given to enable the student 
to secure a commercial or broadcast license or to pass the U. S. 
Civil Service exanainations for radio inspector^ and engineers 
in Federal service.^ 

Elements of Practical Mechanics. By Charles R. Maclnnes. 

D. Van Nostrand Company, Inc., New York, N. Y,, 6 x 
inches, 130 pp., cloth, illustrated, 1929. Price $2.26, 
The book is the outcome of the author’s classroom experience 
and it is intended for use especially with classes of engineering 
students. Its use presupposed a knowledge of calculus and 
physics. The treatment takes up in turn oopl^ar and non- 
coplanar forces, center of gravity, rectilinear and curvilinear 
motion, work, energy, power, moment of inertia, motion, im¬ 
pact, momentum, and oases involving friction. Graphical 
methods are developed in parallel with the analytical methods, 
and illustrative example* are freely used. Numerous problems 
are included with each chapter, to which answers are given. 


Speech and Hearing. By Harvey Fletcher. D. Van Nostrand 
Company, Inc., New York, N. Y., 6J4 by 9Ji inches, 330 
pp., cloth, illustrated, 1929.'* Price $5.50. 

The results of work in the Bell Research Laboratory are 
embodied in this volume. Some fifteen years ago an investiga¬ 
tion of the constitution of speech and he^ng was planned with 
the object of analyzing every part of tlie s'ystem from the voice 
through the telephone instruments to and including the ear. 
During the progress of this research a number of new instruments 
and devices has resulted which have found other important uses, 
such as providing means of speech for some whose vocal chords 
are gone, and means of accurately measuring the sense of hearing. 
The primary object of this research, which is yet far from 
finished, was to determine the requirements and limitations of 
transmission of speech in the telephone system, and with the 
facts of this investigation established, the effect of contemplated 
changes or developments can be more readily evaluated. 

The book is divided into four parts: (1) Speech, (2) Music and 
Noise, (3) Hearing, (4) Perception of Speech and Hearing. Part I 
describes the mechanism of speaking, characteristics of speech 
waves, speech, power, and frequency of occurrence of different^ 
sounds. Part II gives similar information in regard to music 
and ncfise. Part III deals with the mechanism of hearing, 
limits of tiudition, minimum perceptible differences in sound, 
masking effect of different pitched sounds, binaural effects, and 
a description of apparatus used in determining these values. 
Part IV treats of loudness of sound, recognition of pitch and 
those features which involve personal judgment. Methods of 
measurements and experimental results are given of types of 
sound distortion and the ability of persons to recognize them. 
The book well illustrates the value of systematic research which, 
though much remains to bo completed, has yielded valuable 
results in its special field as well as in entirely unfo^een 
directions. 


I PERSONAL MENTION - 

I I 

3 ......................... 

H. Calvert, of Calvert and Barnes, Designing and Consulting 
Engineers, Philadelphia, announces a change of address to the 
twelfth floor of the Crozer Building, 1420 Chestnut Street. 

C. H. Mayer has resigned from his position in the Works • 
Department of the Westinghouse Lamp Company, Bloomfield, 
N. J., to become Electrical Engineer of the Ce Co Manufacturing 
Company of Providence, R. I. 

E. H. Bollbnbacher, who was connected with the firm of 
McClellan & Junkersfeld, Inc., New York, for the past six years, 
has opened an office in Atlanta, Ga., as Manufacturers’ Repre¬ 
sentative on Sales Power Plant Equipment. 

H. P. Davis, Vice-President, formerly in charge of Westing- 
house manufacturing operations, will now devote his entire time 
to the company’s radio activities.. He will report to Mr. A. W. 
Robertson, Chairman of the Board of Directors. 

HiiERBERT C. Moyer, who for the past five years has served as 
Meter Engineer of the Standardizing Laboratory of the Pennsyl¬ 
vania Power & Light Company, has resigned and accepted a 
position as Assistant Chief Engineer of the U. S. Gauge Com¬ 
pany, Sellersville, Pa. 

H. W. Young, President of the Delta-Star Electric Company, 
Chicago, Illinois, sailed June 1 on the Majestic and will visit the 
Delta-Star European connections. He will also present a paper 
on Outdoor Substations at the International High-Tension Con¬ 
ference to be held in Paris, June 6 to 15. 

* Thomas C. Clark, formerly DistBct Manager of the Bt. Louis 

* territory for W. N. Matthews Corporation, St. Louis, has been 

made sales manager of the company. Mr. Clark was Super¬ 
intendent of the Central Division of the Union Light & Power 
Company previous to his affiliation with the W. N. Matthews 
Corporation. ^ 
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W. J. S. Dormeh, previously on the staff of the l^triot Enp- 
neer of the Bell Telephone Company of Canada, at Quebec (hty, 
as Assistant Field Engineer, las scooted a, P®®***®^ ^ 

Line Engineer, Eastern District of the Bell Telephone 
of Canada, with headquarters at Montreal, in charge of toll hne 

reconstruction and thebuilding of new toUlmes. 

Colin B. KENNErfr, tine of Amenca s oldest radio i^nufa^ 
turers, has organised a new company to be known as the Goto B. 
Kennedy Corporation, Soutli Bend, Ind. It is expected that a 
thousand people wiU be employed by this new organization which 
anticipates production of over 1000 sets per day. Mr. Kenne y 

will be its President. i i j * 

P, J. BtTLLivANT, who fot the past several years has had exten¬ 
sive electrical and radio experience and h^ done much in the 
development and application of rectifiers, will have full charge of 
the Sales Department of the B-L Electric Manufacturing Co., St. 
Louis, Mo., a new company formed from The Benwood-Linze Co. 

Doctor Charles C. Latjritsen, formerly Chief Engineer of 
the Kennedy Company, will continue in like capacity with the 
newly formed company in charge of the Engineering Depart¬ 
ment. For the past two years he has been engaged in research 
•at the California Institute of Technology, where his work in con¬ 
nection with X-ray experimentation has been of great iniserest to 
the scientific world. 

David B.Rushmore, a retired engineer of New York City and 
Fellow of the Institute since 1913, has been appointed by Presi¬ 
dent Hoover to represent the United States at the meeting of the 
World Power Conference in Barcelona, Spain, this month. 
Mr. Rushmore has represented this country at previous meetings 
of the conference. The subject of complete utilization of water 
power will be taken up at the meeting. 

John B. Klumpp, after 35 years of continuous service with the 
Um^d Gas Improvement Company, has resigned from the vice- 
presidency of that company to become a utility consultant, with 
offices in Philadelphia. From 1904 to 1919 Mr. Klumpp made 
examinations and reported on all utility properties, both gas and 
electric, for the United Gas Improvement Company. He was 
later made Assistant General Manager, and for the past five 
years has been a Vice-President. 

John C. Clendbnin formerly associated with the Automotive 
Engineering Department of the General Electric Co., has ac¬ 
cepted a position as Sales Engineer with the Ward Motor Vehicel 
Company, Mount Vernon, N. Y. Mr. Clendenin has spent 
many years in the design, manufacture and application of elec¬ 
trical equipment for use on battery-driven and gasoline-electric 
vehicles, and in his new position he will continue to serve the 
industry in a capacity to which he has been fitted by long 
experience. 

Obituary 

Ferdinand Voelker« Jr., a member of the Technical Staff of 
the Bell Telephone Laboratories, died May 12, following an 
operation in the Rahway General Hospital, Rahway, N. J. 

Mr. Voelker was bom in New York City July 11, 1902 and 
after four years in general High School work and three yealts in 
technical training courses in engineering arranged by the Western 
Electric Company, he remained with that company from Febru¬ 
ary 1920 to December 1924 doing drafting and test work. Upon 
January 1,1925 he joined the Bell Telephone Laboratories, Inc., 
where his work was that of Telephoife Equipment Engineer, 
working on current telephone equipment development. 

Mr. Voelker joined the Institute in 1927 as an Associate. 

Edmund Perkins Edwards, manager of the Radio Depart¬ 
ment of the General Electr^ Company since its organization in 
1921, died at his home in Schenectady on April 27, following an 
illness of nearly a year. Graduated from Rose Polytechnic 
Institute in 1899mth the degree of Bachelor of Science in electri¬ 
cal engineering, he entered the employ of the General Electric 
Company in the same year. • 


In 1906 he went with the Lighting Department, becoming 
Assistant Manager of the department af ter a time. He was active 
in the early commercial activities regarding radio apparatus and 
in 1921, when the Radio Department was organized, he became 
Manage of the department, in charge of commercial, engineering 
and manufacturing activities. 

Mr. Edwards was commissioned in May, 1922, as a lieutenant- 
colonel in the Signal Officers’ Reserve Corps, and was assigned to 
the war-time procui^ment office of the chief signal*officer. He 
was a member of numerous engineering and technical associa¬ 
tions, and became a member of the Institute in 1925. 

Clarenc«G* Hadley, Superintendent yf the Franldiii HeatiiiS 
Station, Rochester, Minn., and an Associate of the Institut(» 
(1910), died the early part of May last. He was born at Mum- 
ford, New York, January 25, 1884; in 1902 he was graduated 
from the Friends Boarding School at West town,. Pa., and in 1907, 
from Cornell University wtth an M. E. degree. During 1900 he 
worked as a telegrapher, and other sumnior vacations were simnb 
in the employ of the Baltimore, Reading, and Pennsylvania 
Railroad and the Baltimore and Ohio Railroad Company. After 
finishing at Cornell, the next two and a half years were given to 
departmental test work for the General Electric Company. Tie 
was Assistant Foreman of the Turbine Test Department at the 
time of his leaving that company in 1910 to become Electrical 
Engineer of the Fessenden Wireless System for the National 
Electric Signaling Company at Brant Rock, Mass. In 1925 ho 
removed to Rochester, Minn., where ho was chosen first superin¬ 
tendent of the Municipal Electric Pi^^iperties, later to boconie 
Manager of the Central Heating and Power Plant, designed by 
EUerbe & Company, St. Paul. Tliis plant supplied water, light, 
heat, and power to the Mayo Clinic in that City. In 1927 lu^ 
was made Manager of the Franklin Heating Station, the position 
he last occupied. 

William Eugene Kelly, Associate 1904, didH April 23, 1929, 
at his home in the Webster Hotel, Chicago, after an illness of 
only three days with angina pectoris. 

For years Mr. Keily was western editor of the Electrical World, 
but had more recently been engaged in special work for Mr. 
Samuel Insull. He was born at Utica, New York, Juno 4,1865, 
and after an academic education, public schools and high school 
at Syracuse, he became interested in journalistic work, taking 
his first position as A.ssociato Editor of the Western Electrician 
March 1,1891 and promoted to the managing editorship July 15, 
1899. Throughout his entire career ho was devoted to literary 
and consulting work connected with public utility ]>robleins and 
relationships. In 1908 the Wesiern Electrician was sold and 
Mr. Keily resigned. For a short period he did froo lance work, 
but early in 1909 he became Western Editor for the Electrical 
World, the position which he retained until 1695. Conspicuous 
among his editing accomplishments is his work on Mr, IiisuH’s 
books, “Central Station Electric Service” and “Public Utilities 
in Modem Life.” He held membership in the Western Society 
of Engineers, the American Association for the Advancement of 
Science, the Illuminating Engineering Society and other similar 
professional bd|hes. 

Henry W* Blake, who joined the Institutetas an Associate in 
in 1888 and was made a Member in 1913, died May 20 at his homo 
in Englewood, N. J. A pioneer in the field of business journalism 
devoted to street railways, Mr. Blake, at the time of his death, 
was senior editor of the Electric Railway Journal, the editorial staff 
of which he joined in 1891 when it was the Street Railway Journal, 
a publication devoted to horse-car transportation; in 1894 ho 
became its Editor-in-Chief, and when in 1908 it changed its name 
• to iiie Electric Railway Journal, Mr. Blake assumed his now 
f editorial duties, continuing without interruption until his death. 

Born in New Haven, Connecticut, December 7, 1865, the son 
of Hemy Taylor Blake, a noted member of the Connecticut bar, 
he graduated a civil engineer from Yale^University in 1886, after 
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whieli he studied electrical engineering at Massachusetts Insti¬ 
tute of Technology. Following this course, he did advertising 
work for the Sprague Electric Railway and Motor Company, an 
organization engaged in the construction of electric railways in 
various cities throughout the United States. This is the organi¬ 
zation which he left to joint the staff of the Street ^iailway 
Journal. In 1927, Mr. Blake took an extended editorial tour 
abroad, for the purpose* of specific study of the street railway 
transportation systems in Europe, visitii^ Naples, Rome, 
Florence, Milan, Nice, Paris, Brussels, Berlin, Hamburg and 
London. 

He was always active in the affairs of the American Electric 
Railway Association and was a regular attendant its annual 
meetings. Mr. James?H. McQraw, with whom Mr. Blake was 
continually associated during his 35 years of service on the 
Electric Railway Journal, said of him “He was a great editor. 
His name will go down in the history of industrial journalism 
with those of Col."Henry G. Prout of the Railway Gazette, W. D. 
Weaver of the Electrical World, Arthur M. Wellington of the 
Engineering News, Charles Kirkchoff of Iron Age, John M. 
Godell of Engineering Record and Prank Wright of Engineering 
News-Record'" In addition to his membership in the American 
Electrical Railway Association, he was a member of the Engineers 
Club of New York, the Englewood Club and the Knickbocker 


Country Club of Tenefly. He was also an Associate member of 
the Union Internationale de Tramways et de Chemins de Per 
d’Interet local of Brussels. 

Fred C. Hamer, Electrical Eiigineer, Sargent & Lundy, Ino. 
and since 1919 an Associate of the Institute, died early in May in 
Chicago, his native city, where, since 1909, he has pursued his 
professional activities. After a two years'^Con'espondence eomse 
in mechanical drafting, one year in'^thS Chicago Technical 
College, and three years at Armour Institute of Technology, 
completing his course in electrical engineering, Mr. Hamer spent 
ten years in drafting, designing and inspection work. During 
1909 he was employed by Franklin J. Cary, M. E. in machine 
design work; then he joined the Commonwealth Edison Company 
remaining two years in its Transmission and Distribution 
Departments, on record and drafting work. Fi’om 1912 to 1917, 
Mr. Hamer was with the Electrical Department of the Sanitoy 
District of Chicago, doing work on inspection and design of line 
construction and substation construction, street lighting and 
power work. In 1918 he entered the employ of Sargent & 
Lundy, Inc., where his first year's work was on power plant 
design. As an applicant for membership in the Institute, 
Mr. Hamer received the hearty endorsement of all asked to give ^ 
the customary personal references, both with regard to his 
professibnal ability and his own characteristics. 
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FUTUKE SECTION MEETINGS 
St. Louis 

June 19. 

Sharon 

Communism, bj Capt. J. Robert O'Brien? Banquet meeting. 
June 4. # 


Preceding the meeting a very excellent cafeteria supper was 
served for a nominal figure in the cafeteria on Floor B of the 
telephone Building. The large lounge room adjoining the res¬ 
taurant was opened to accommodate those attending the mei'^ng. 
About 200 members and guests of the Section took advantage of 
the supper accommodations and later on over 300 attended the 
meeting. 


NEW YORK SECTION EJECTS OFFICERS FOR 1929-30 
At the meeting of the New York Section of April 26th the 
announcement of the election of officers of the New York Sec¬ 
tion for 1929-30 was made. The Executive Committee of five 
men will take office August 1st as follows: 

Chairman: H. P. Charlesworth,^Vice-President, Bell 

Telephone Laboratories, 

Secretary-Treasurer: T. F. Barton, District Engineer, General 

Electric Co. 

Executive Committee: E. E. Dorting, Lighting Engineer, I. R, 
T. Henry Flood, Consulting Engineer. 
Murray & Flood, 

Junior Past Chairman: R. H. Tapscott, Electrical Engineer, 
^ New York Edison. 

COMMUNICATION GROUP OF NEW YORK SECTION 
ORGANIZED 

On Friday evening May 17, the newly formed Communication 
Group of the New York Section held its first mee^ng. Through 
the courtesy of the New York Telephone Compaiftr the meeting 
was held in the auditorium of the New York Telephone Building, 
140 West St., New York at 7:30 p. m. Following a brief talk by 
Chairman R.H. Tapscott of the Section on the “Group Idea" and 
an election of temporary officers of the Communication Group to 
hold office until August 1,1930, there were two papers presented 
as follows: “Some Telegraph Traffic Engineering Problems," by 
C. M. Brenthnger and I. S. Coggeshall, General Traffic Super¬ 
visors, Western Union Telegraph Company; “Handling Tele¬ 
phone Traffic In and Around New York City," by J. P. Andrews, 
General Traffic Engineer, Long Island Area, New York Tele¬ 
phone Company. After the presentation of the second paper the 
meeting was opened to general discussion. 


NORTH CAROLINA SECTION ORGANIZED 

The formation of a North Carolina Section of the Institute 
was authorized by the Board of Directors on March 21, 1929. 

The organization meeting held in Charlotte on May 2 was ^ 
attended by twenty-one petitioners. An address of welcome to , 
the visiting members was delivered by Mr. C. O. Kuester, 
Secretary and Business Manager of the Charlotte Chamber of 

Commerce. . 

The following officers of the Section were elected: Chairman, 

E. P. Coles; Secretary and Treasurer, M. E. Lake; Executive 
Committee, P. H. Daggett, J. H. Paget and J. H. Roddey. 

Mr. Coles took charge of the meeting immediately after the 
election and invited the members to discuss methods by which 
the Section might most effectively proceed, in order to contribute 
a definite service to both its members and the Institute. An 
interesting and helpful discussion followed. 

JOInT section AND BRANCH MEETING AT UNIVERSITY 
OF IDAHO 

A joint meeting of the Spokane Section and the Student 
Branches of the State College of Washington and the University 
of Idaho was held at the latter University on April 26, with an 
attendance of 47. Following a dinner, entertainment was 
supplied by the University of Idaho quartet. Brief addresses 
were given by Bernhard Olsen, Chairman, Spokane Section, 
Dean H. V. Carpenter of State College of Washington, and 
Professor J. H. Johnson, Counselor, University of Idaho Br^oh. 

^ Orland Mayer, Chairman of University of Idaho Branch, presided. 
^The principal paper of the evening was entitled “Power Limit of 
Synchronous Machines and Its Influence on System Design" by 
Richa^ McKay, Assistant Electrical Engineer, Washington 
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Water Power Company, and N. P. Bailey, Assistant Professor 
of Mechanical Engineering, University of Idaho, 


INSTITVTB AFFAIRS BISGUSSSID BY WASHINGTON SECTION 

A dinner meeting of the Washington Section held on April 24 
was devoted to a disonssion of various phases of the subject 
“Institute Affairs and'^Their Relation to Our Section and Com¬ 
munity,“ Brief addresles were given by the following: Hon, 
Proctor L. Dougherty, Commissioner of the District of Columbia; 
Maj. W, A. Danielson, Quartermaster Corps, U. S. Army; 
Dr. M, G, Lloyd, Senior Electrical Engineer, Bureau of Stand¬ 
ards; Capt, A. P. E. Horn, Local Manager, General Electric 
Co.; B. C, Crittenden, Chief, Electrical Division, Bureau of 
Standards; J, A. Ferry, Electrical Engineer, Potomac Electric 
Power Co.; C. A. Robinson, Chief Engineer, Chesapeake and 
Potomac Telephone Co.; H. H, Henline, Assistant National 
Secretary; Prof. J. L. Beaver, Vice-President, Middle Eastern 
District, A. I. E. E,, and President R. P. Schuehardt, 

Some of the topics particularly emphasized by various speakers 
were the duties of engineers as citizens, the importance of inter¬ 
preting engineering to the public, benefits received by individuals 
from participation in Institute activities, methods by which the 
'"interest of members may be increased, and the need for coopera¬ 
tion in the advancement of the profession. President Sehuehardt 
spoke briefly upon these topics and others, and mentioned his 
efforts during the present year to encourage the Sections to 
study themselves in order to determine whether they are living 
up to their magnificent opportunities. 

CONTACTS BETWEEN ENGINEERS AND PUBLIC DISCUSSED BY 
LOUISVILLE SECTION 

The meeting of the Louisville Section held on April 11 was 
devoted to a discussion of the subject “The De.sirability of 
Devfilopittg Closer Contacts Between Engineers and the General 
Public.'' The principal papers presented were: Mr, Public 
and Mr. Engineer Must Meet," by Robert E. Tafel, Nachod and 
United States Signal Co., and “The Relation of the Electrical 
Engineer to the Public," by Professor D. C. Jackson, Jr., Uni¬ 
versity of Louisville. A discussion of these papers was pre¬ 
sented by George W. Hubley, Consulting and Advisory Engineer. 

SECTION ACTIVITIES DISCUSSED IN SCHENECTADY 

^ At the dinner meeting of the Schenectady Section held on 
r April 9, 1929, the following addresses were given on the general 
subject “Service Through the Institute Section:" 

As Viewed by a Paai'-Presidentt C. C. Chesney, Vice-President, 
General Electric Co. 

As Viewed by a Member, L. T. Robinson, General Engineering 
Laboratory, General Electric Co. 

As Viewed by the President, R. P, Sehuehardt. 

E. S. Lee, Chairman, reviewed the activities of the Section 
during the past year. 

As a direct result of the meeting, the Executive Committee of 
the Section is considering means by which it can take an active 
interest in civic affairs. The attendance was , 175, and the 
informal nature of the meeting promoted general discussion and 
acquaintanceship. 


JOINT SECTION AND BRANCH MEETING IN COLUMBUS 

The annual joint meeting of the Columbus Section and Ohio 
State University Branch was held at the University on May 3. 
After a dinner at the Ohio Union, the present officers, a number 
of past officers, and other members of the Columbus Section were 
called upon for brief remarks. Professor P. C. Caldwell, first 
Chairmacn of the Section, and all other Past Chairmen, except ^ 
one, were present. ^ 

The evening session was opened by a two-reel motion picture 


on electric welding. This was followed by a talk on the subject 
“Progress after Graduation" by R. E. Knox, a senior in electrical 
engineering. A. G. Gibbony of the Ohio Power Company gave 
a brief address, A talk, entitled “Branch Activities," was given 
by H. H. Henline, Assistant National Secretary. The atten¬ 
dance Was about 45. 


JOINT SECTION AND BRANCH MEETING IN SEATTLE 

The annual joint meeting of the Seattle Section and the 
University of Washington Branch for the preaefftation of a 
student program was held on April 16. After a brief business 
session of the Section, over which C. R. Wallis, Chairman, pre¬ 
sided, the meeting was turned over to C.^W. Huffine, Chairmaif, 
University of Washington Branch, and tlfe following papers 
were presented by students: 

Energy Losses by Radiation from Domestic Hot Water Tanks, 
R. P. Wailes. 

Voltage Amplification of Hie Screen Grid Tube as an Intermediate 
Frequency Amplifier, by Prank Giovanini, presented by Kenneth 
M. Durkee. 

Students of the University of Washington supplied music 
before and after the technical program. The attendance was 
150. 


JOINT SECTION AND STUDENT MEETING IN URBANA 
The Urbana Section, the Electrical Engineering Society of the 
University of Illinois, and the Student Branches of Purdue Uni¬ 
versity and Rose Polytechnic Institute held a joint meeting at 
the University of Illinois on April 20, for a discussion of the 
subject “Electrical Society Activities of Undergraduate Stu¬ 
dents." The total attendance of 140 included 30 from Purdue 
and 18 from Rose Polytechnic Institute. 

Addresses were given by representatives of the three student 
organizations as follows; B. D. Landes, Perdue University, 
H. A. Moench, Rose Polytechnic Institute, and Herbert Levy, 
University of Illinois. Each reported upon the prinqipal activi¬ 
ties of his organization. President R. P. Sehuehardt emphasized 
the need of engineers for appreciation of other fielcls of activity 
and offered suggestions for student participation in programs. 
A luncheon was served after the program. 


JOINT SECTION AND BRANCH MEETING IN NEBRASKA 

The Nebraska Sections of the Institute and the A. S. M. E. 
gave a complimentary dinner to the enrolled Students of tho two 
societies in the University of Nebraska and the University of 
South Dakota, in Omaha, on April 17. C. D. Robison, Chair¬ 
man of the Nebraska Section, At I. E. E., presided over' the 
business meeting, and L. E. Shoemaker, Electrical Engineering 
*29, of the University of Nebraska, served as toastmaster during 
the program. ^ * 

Professor B. B. Brackett, Counselor, University of Houth 
Dakota Branch, Dean 0. J. Ferguson, University of Nebraska, 
Vice-President, North Central District, A. I. E. E., and E. 
Johnson, Chairman, University of South Dakota Branch gave 
brief addresses. The following papers were given by students: 

Diesel Engines for Aeroplanes, C. W. Sharp, Mechanical 
Engineering '30, University of Nebraska. ^ 

Telephone Rates, P. F. Pink, Electrical Engineering '29, 
University of Nebraska. 

Music was furnished at various times during the program by 
students of the two Univei;8ities. The attendance was 9S. 


JOINT SECTION AND BRANCH MEETING IN AKRON 

The Akroiv Section and University of Akron Branch lield a 
joint meeting on April 25. John C. Schacht, Chairman of the 
Papers and Meetings Committee of the Branch, pre.sided during 
the presentation of the following papers by students: 
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Interesting Facts ofi Radio, H. Shively. 

Our “Co-op” System, P. Bierman and L. Rang. 

Development of Photoradiogram Service, T. Starr. 

Westinghouse Portable Oscillograph, W. Wilson. 

After the completion of the technical program, the*following 
laboratory demonstrations were given by students: Westing- 
house portable oscillojpaph, W. Wilson and W. Woodward; 
cathode ray oscillograph, E. Hartman; high-frequency apparatus 
in operation, P. Bierman; paralleling of,alternators, G. Hite, 
and W. Hoffman; phase advancer test, L. Rang and T. Starr. 

The was considered very successful. The attendance 

,was 50, of whom about one-half were members of^he Section. 

% - 

PAST SECTION MEETINGS 
Akron 

Joint meeting with University of Akron Branch. See report in 
Student Activities dept. Aprif 25. 

Boston 

Some Aspects of Railway Eleclriflcalion, by B. S. Coopm, Westing^ 
house Electric & Mfg. Co. Slides. April 2. Attendance 
120 . 

Chicago 

Iron and Steel Melting in the Electric Furnace, by D. T. Waby. 
The following officers were elected: Chairnmn, T. O'. Le- 
Clair; Vice-Chairman, F. H. Lane; Secretary-Treasiner. L. S. 
Leavitt; Executive Committee, P. B. W. 0. Kurtz 

and E. H. Freeman. Joint meeting with Western Society 
of Engineers, Electrical Section, preceded by a dinner for 
the speaker and -Ahe Executive Committee. April 22. 
Attendance 130. 

• Cleveland 

The Elecinc Eye, by P. B. Findley, Managing Editor, Bell 
Laboratories Record. A number of other engineenng 
societies in Cleveland were invited to attend this meeting. 
April 18. 1250. ^ 

Columbus 

Outdoor mghiing, by S. E. Strunk Engg. 

Worksa General ElectKc Co. Illustrated. October 26. 

Attendance 22. t-i 

Electric Welding of Steel Building and Bridges, hy F. P. 

ben, Consulting Engr., General Electric Co. (Illustrated). 
November 23. Attendance 75. 

Television, by Dirk Sehregardus, Tmnsmission Ejigr. The Ohio 
Bell Telephone Co. Illustrated. January 4. Attendance 
130 . ■ ^ . 

Discussion of the following subjects: Continued 

the Affiliated Technical Society of Columbus; Progmms for 
the remainder of the year; Means for increasing meniberslnp; 

" The Section’s .attitude^toward membership m a general 
- engineering society. Film, “Dnvinj? the Longest Rmlroad 
Tunnel in the Western Hemisphere. March 1. Atten¬ 
dance 15. .rrr • -U 

Tour of Oil FiMa of Europe, by A. E. Dralle, ^esting^use 
Electric & Mfg. Co. Illustrated. Jomt wi^ Columbus 
Engineers’ Club. March 29. Attendance 60. 

Connecticut 

Science and Research in Telephone Development, by S. P. Grace, 
Asst. Vice-President, Bell Telephone Labwatories, Inc. 
Joint with Yale University Branch, in Ne^ Haven. April 
23. Attendance 2500. 

^ Dallas 

static and Trannent Stability of Intarcmnccted Power 

by P. H. Robinson. Transmission Engr., Houston l^htai^ 
& Power Co. Nominating Committee appointed. Reporte 
received from Regional Meeting Committees. April 15. 
Attendance 66. 

Denver 

Luncheon meeting of Colorado Engineering CouJk^ handled by. 
Denver Secifon. W. G^Baldry jmd Miss El^or 
gave a demonstration of the operation of the dial telephone. 
April 2, Attendance 46. 


Recent Developments of Electrical Research, by C. E. Skinimr, 
Asst. Director of Engg., Westinghouse Electric & Mfg. Co. 
Demonstrations, W. H. Bullock, Chairman, Program 
Committee, reported on future ipeetings. The meeting 
was preceded by a dinner.^ April 12. Attendance 60. 

Annual College Branch Night. See report in Student Activities 
dept. April 26, 

Detroit-Ann A^bbr 

Protective Relays and Their Application, by T. R. Hallman, 
Detroit Edison Co., and J. R. North, Stevens and Wood, 
Inc. Business session, A diimer preceded the meeting. 
April 16. Attendance 176. 

Erie 

Making Sound Visible and Light Audible, by J. B. Taylor, Con¬ 
sulting Engr., General Electric Co. April 19. Attendance 
250. 

Fort Wayne 

Recent Developments in Aviation, by Major W. A. Bevan, Air 
Corps Reserve, Associate Professor of Awonatuieal Engg., 
Purdiie University. Motion pictures before meeting and 
refreshments after. April 18, Attendance 100. 

Houston 

Power Factof—Its Improvement and Relation U> Rates, by 3. (X 
Coates, Houston Lighting & Power Co. A dinner preceded 
the meeting. April 24. Attendance 36. 


Indianapolis-Lafayette 

Operating Experiences with the A. C. Network Method of Power 
Distribution, by F. E. Pinckard, Union Gas & Electric Co., 
Cincinnati. Program followed by smoker and social time. 
May 3. Attendance 67. 

Ithaca 

The Future of This Mechanistic Age, by Ralph Flanders, General 
Mgr., Jones & Lamson Co., Wee;^resident, A. ^ 
who boke for E. A. Sperry. R. F. Schuchardt, President 
A.I.E.E., gave a talk which took the form of an inspiration 
to voune: engineers. Banquet and.joint meeting with Cor-, 
nell University Branch, A. S. M. E. March 15. Attendance 
220 . 

The Present Status of Railway Electrification, 

Consulting Railway Engr., Westinghouse Electric & Mfg. 
Co. Illustrated. April 19. Attendance 32. 

Kansas City 

Broader Aspects of Engineenng, by E. ?• CoMulting 

Ener. A very interesting discussion followed, the trend of 
which was that it is the duty of the engineers themselv^ to ^ 
get a better appreciation of their profession by the public. 

The Hiah-Pressure Installation Northeast Station, by J^. Keeth, 
AsLtant to the Vice-President in^ Charge of Production, 
TCa.Tia»fi City Power & L^ht Co. Shdes. Coffee and sand- 
Avicbes served. Jount with Kansas City Section, A. S. M. B. 
April 29. Attendance 200. 

Lehliih Valley 

Electrical Applications in AutomoHve Plants, by W. P. Mitchell, 
International Motor Co. Slides. 

The National Elcctncal Code, by A. R. Small, ^ic^^esident. 
Underwriters* Laboratories. J. L. B^ver, Vice-President, 
Middle Eastern District, gave a brief address. The mee^ 
ing, held at Allentown, was preceded by a dmner, Apnl 
» 19.* Attendance 179. 

Los Angeles 

Recent Devdopmenls in Ekctnc^ R^eareh, by C. E. 

Asst. Director of Engg., Westmghouse Elec toe & Mfg. 
Co. Joint meeting wiSi iocal Section, A. S. M. E., preceded 
by a dinner. Ap^ 2. Attendance 120. 

Lynn 

Gaseous DiscAorges, by Cliftem Found. _.Rese^oh Laboratory. 
General Electric Co. Demonstration of new HO-voit 
Neon Lamp. April 10. Attendance 125. 

The Story of SUel, by G. A. Richilrdeon, Mgr., Tw^cal Pub¬ 
licity Dept., Bethlehem Steel Co. Ulimtrated by 
reels of ^moving pictures. Beverly, Mass. April 24. 
Attendance 175. 
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Madison 

Some Recent Research Developments of the Westinghouse Electric cfc 
Mfg. Co., by C. E. Skinner, Asst. Director of Engg., Westing- 
house Eleetrie & MSg. Co. IJemonstrations of photoelectrio 
devices and grid-glow tube. April 16. Attendance 61. 

Mexico 

Dinner meeting for promoting friendly relations with the local 
engineering societies, ^representatives of four of which were 
present. February 12. Attendance 38. 

Farewell dinner to Chairman P. M, McCullough. March 26. 
Attendance 18. 

Nebraska 

Joint meeting with A. S. M. B. Section and students. See report 
in Student Activities dept. April 17. 

New York 

Student Convention and evening meeting of Section. Complete 
report in Student Activities dept. April 26. Attendance 
700. 

Niagara Frontier 

Thyrairon Control, by P. E. Vogdes, Research Laboratory, 
General Electric Co. Slides. Demonstration apparatus. 
Dinner for the speaker held prior to the meeting. Joint 
^ with Engineering Society of Buffalo. Februpjy 15. At¬ 
tendance 65. 

What a Serious Accident Means to the Injured Man and Also to 
' the Company, by J. C. VanVleet, Safety Engineer, Buffalo 
General Electric., and 

200,000 K. W. Hydroelectric Development, by W. S. Murray, 
Murray and Flood. Illustrated with motion pictures and 
slides. Mr. Murray was entertained at a dinner. March 
22. Attendance 110. 

Pittsburgh 

Inspection trip to Lake Lynn Hydroelectric Generating Station, 
West Pem Power Co. on the Cheat River, West Virginia. 
Guests of West Penn Power Co. at dinner in Uniontown, 
Ap:i 13. Attendance 225. 

Pittsfield 

High-Power Transmission and Transformers, by F, F. Brand, 
General Transformer Engg. Dept., General Electric Co. 
Speaker was entertained at dinner. March 19. At¬ 
tendance 75. 

Annual Dinner. Captain Irving O’Hay, U. S. Army, Retired, 
Humorist, Traveler and Lecturer. April 2. Attendance 
222 . 

Researches with Natural and Artificial Lightning, by F. W. Peek, 
Jr., Consulting ’Engr., General Electric Co. Slides and mov¬ 
ing pictures. Joint meeting with Sprin^eld Section and 
Engmeering Society of Western Massachusetts. Speaker 
was entertained at dinner. April 16. Attendance 250. 

Providence 

The New England Power Assodaiion's System, by C. R. Oliver, 
Vice-President, New England Power Association. Joint 
with Ihrovidence Engineering Society and Providence 
Section, A. S. C. E. April 23. Attendance 140. 

Rochester 

Hum Elimination in All-Electric Radio Receivers, by B. F. 
Miessner, Elec, and Acoustical Engr., Joint meeting with 
Ro^ester Engg. Society and Rochester Section, I. R. E. 
Dinner in honor of speaker. April 19. Attendance 71. 

Annual business meetii^. The following officers were elected; 
Chairman, V. M. Graham; Vice-Chairman, H. J. Klumb; 
Secretary, C. F. Estwick; Executive Committee, D. C, 
Jones, H. C. Ward, A. E. Soderholm and E. C. Karker. 
After the business meeting a joint meeting was held with the 
Rocbester Engineering Society. Motion picture,‘‘Hoover, 
Master of Engineers.” May 3. Attendance 32. 

St. Louis 

Structural Development of the Deion Circuit Breaker up to 15,000 
Volts, by R. C. Dickinson, Westinghouse Electric & Mfg. Co. 
Illustrated. Attendance prizes awarded to S. V. Hombeck 
and H. 0. Deutscher. ^Amendments to Section By-laws 
adopted. The following officers were elected: Chairinan, 
G. H. Quermann; Vice-Chairman, C. B. Fall; Secretary- 
Treasurer, 0. J. Rotty. April 17. Attendance 83. 
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San Francisco 

Recent Research Devel^nient of the Westinghouse Eleclnc cfe Mfg. 
Company, by C, B. Skinner, Asst. Director of Engg. of that 
company. Display of various materials and demonstration 
of super-sensitive vacuum tubes. Dinner preceded the 
meeting. March 29. Attendance 130. 

Annual jcQnt meeting with neighboring Branches. See report in 
Student Activities dept. April 10. 

Schenectady * 

Aviation, by W. P. McCracken, Jr., Asst. Secretary of Commerce 
for Aeronautics, r March 22. Attendance 200. • 

Seattle . 

Joint meeting with University of Washington Branch. See 
report in^tudent Activities dept. April 16. ♦ 

Sharon ^ •* 

Long Distance Toll Cable Tra7ismission, by J. A. Cadwallader, 
Engineer of Transmission and Outside Plant, Bell Telephone 
Co. of Pa. Moving pictures. Demonstration of effect of 
speech and music of the suppression of various frequency 
bands. April 2. Attendance 76. 

Syracuse 

Assessment Records in Rochester, by H. C. Bratt, Rochester 
Bureau of Municipal Research. March 11. Attendance 63. 

Toledo 

Circuit Breakers, by Mr. Edsel, Condit Mfg. Co. Slides. Two 
reels of motion pictures on the construction of transformers, 
turbines, blast furnace blowers, etc. One reel on the assem¬ 
bly and testing of electric locomotives for the St. Gothard 
Railway Co., Switzerland. April 12. Attendance 36. 

Toronto 

Building of the Leaside Transformer StStion, by G. E. Kewin. 
Slides. C. F. Publow spoke on the theoretical considerations 
involved in the design of this station. April 12. Attendance 
116. 

Joint meeting with Hamilton Section, Engineering Institute of 
Canada. J. V. Breisky, Westinghouse Electric & Mfg. Co., 
demonstrated photo-electric glow discharge c]pvices and their 
applications to industry. Sfldes. Persons coming into the 
hall were counted automatically as they interrupted beam 
of light across the entrance. April 26. Attendanve 560. 

• • 

Urbana * 

Joint meeting with student groups. See report in Student Activ¬ 
ities dept. April 20. 

Utah 

Electrical Transmission of Speech and Music, by H. W. Oddie, 
Utah Transmission and Protection Engr., The Mountain 
States Telephone and Telegraph Co. Slides. April 15. 
Attendance 75. 

Annual student program. See report in Student Activities dept. 
May 13.* 

Vancouver 

Aeroplane Design, by Prof. Vernon, University of British Colum¬ 
bia. Members of Engineering Institute of Caqada and 
Aeronautical organizations in the city inv4ted. April 10. 
Attendance 78. 

' Contract Law, by R. W. Ginn, Barrister & Solicitor, Vancouver. 
Engineering Institute of Canada members invited. May 7. 
Attendance 16. 

Washington 

Some New IndusHal Economics, by Dean D. S. Kimball, College 
of Engineering, Cornell University. T^lk followed by 
social hour and light refreshments. Preceding the meeting 
a dinner was served in honor of the speaker. Apirl 9. 
Attendance 79, 

Worcester 

Physical Principles Involved in Television, by Dr. J. 0. Pernne, 
American Tel. & Tel. Co. February 13. Attendance 350. 

Research in Bmineering, by T. W. Spooner, Asst. Mgr., Research 

^ Dept., Westinghouse Electric & tog. Co. March 8. 
Attendance 100. 

"^Edison and His Inventions, by W. J. Hammer, Consulting Elec¬ 
trical Engineer. April 15. Attendance 100. 
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POUttTH STUDENT DRANOIl CONVENTION, NORTH EASTERN 
DISTRICT, A. 1. E. E. 

Tlu^ rourth annual Student Branch Convention of the North 
Kast<TU District of the A. F.B. E. was held at Rensselaer Poly- 
t*‘(*lmic Timtitute, Troy, N. Y., on Frida;^ and Saturday, May 
10 - 11 , 1021 ). 

Tlie (.olal re|?istration of 202 included SO students and 11 
»professors from Rensselaer, 140 stiuhuits and 111 professors from 
other institul-ions^in the district, as well as representatives of 
the dilT(*r(mt Sections of District No. 1. 

The schools represented Avere ('^iarksou ('College of Technology, 
(’ornell University, Harvard Engineering School, University of 
Maine, Massadiusetts Institute of,Technology, University of 
New Hampshire, Nortlu^astern University, Rensselaer Poly- 
t<‘idmic Iiistitute, Rhode Island Slate University, University of 
VeiMuont, Worcest(T Polyleclmic Institute, Syracuse University 
and Yale University. 

l'h(‘ Friday morning session, presided over by S. E. Benson of 
KenH.s(daer, was op<uied with an address of welcome by President 
Palnu*r (\ Ri(tk(dl.s of Rensselaer. The session was given over 
to a cliscuHsion of Branch activities daring the past year. About 
200 at tendcul this session. 

ll::i() a. in. the District Executive Committee met, and, 
among other subjects, discussed plans for the 1930 Regional 
Meeting at Springliold, Mass. 

At 12:30 p. m. the Luncheon Conference of incoming Branch 
( Miainneu and Bramdi (kjunselors was lield at the Hendrick 
Hudson Hotel. The (kniusclors and Chairmen Avere joined at 
lunch 4 »on by tlu^ members of the District Executive Committee. 

n'h(s Friday a||l«Tnoon session, presided over by R. M. Diirrett 
of M. 1. T., was devoUjd to tJie presentation and discussion of 
eight t\ifiUnical paper-s. Tlu^ authors of these papers Avere 
.1, L. Dah^y and A. F. Metzgev of Yale, M. M. Hubbard of M, I. T., 
L. B. Ilocfigraf of K^msseluer, T. A. Rich of Harvard, H. E. 
Furman and T. S. Bills of Cornell, E. W. Jones of Maine, E. R. 
(lurdner and A. A. Jones of M. !. T., and A. H. Coon of Rhode 
Island St.at(j. Tlio papers were ably presented and discussed. 

A limit 300 attended this s«5Msion. 

The (’(invention Bancpiet given by Rensselaer Polytechnic 
Institute Avithout charge to guests was hold on Friday evening. 
Music was furnished by t.he St.ud(mt Quartette and by the 
(’ampUH Serenaders. Doctor W. L. Robb, Head of the Electrical 
EngiiHMTing Depart,ment, made a few opening remarks and 
introduced Mr. A. (?. Stevems, the District Secretary, Avho pre¬ 
sented t he Branch Paper Prize to Mr. S. K. Knapp and Mr. 
J. H. Biirtiett ot (Cornell, and announced as Avinners of the First 
Paper and Best Paper Prizes, Professor H. H. Race of Cornell 
and Mr. F. Estwick of the Rochester Section. Doctor Robb 
also introduced Doctor W. R. Whitney, Director of the Research 
Laboratory of the Ceneral Electric Company, who gave a very 
iiiKTc^sting talk on the value of having a hobby. 

On Saturday, inspect-ion trips arranged by Jbe Schenectady 
Setdion were m%de. The Schenectady Works of the General 
Electric Company were visited in the morning, after which a 
(?(miplimentary limclieon given through the courtesy of the 
iUmvT&l Electric Oimpany, was enjoyed at the Schenectady 
Y. M. C. A. After luncheon the party inspected the Erie Barge 
(’anal lock at Cranesville and ilm Amsterdam Steam Plant of 
th(^ Ntnv York Power & Light Corporation. 

NEW YORK SECTION STUDENT BRANCH CONVENTION • 
and SECTION MEETING % 

On Friday April 2fHh the Now York Section held its fourth 
Annual Student Branch Convention and also the monthly Section 
mticling. All details f the Student activities were arranged by 


committees appointed by the students themselves, and Avere all 
under the direction of a general student*' convention committee. 

For the morning April 26, five inspe( 3 tioiL trips were scheduled 
by and for the students only as follows: Bell'Telephone Labora¬ 
tories; American Telephone and Telegraph Company; Brooklyn 
Navy Yard; Lackawanna Railroad Company; and Brooklyn 
Edison Company. 

The afternoon session, starting at 2 p. m. in the Engineering 
Auditorium, was devoted to the competition for the New York 
Section Student Prize of $25.00 in gold. George A. Taylor 
was presiding officer and chairman of the Student Convention ^ 
Committee. Each of the seven students representing seven » 
colleges was limited to exactly 15 minutes for presentation. 

The following list gives speakers and their subjects: 

Inierconneciion of Power Systems^ by C. M. Stuehler of Newark 
College of Engineering; 

Frequency Stqhilization, by L. 0. Foernsler of Cooper Union; 

Trends in Systems of Railroad Electrification, by H. M. Hobson 
of Rutgers; 

The Condenser Motor, by 1. Galante, College of City of New York; 

Sound Recording, by A. W. Schneider, New York University; ^ 

An UUra-Violci Ph^meier, by J. G. Trump, Polytechnic Insti¬ 
tute of Brooklyn; 

Some Aspects of Machine Switching, by E. J. Moore, Stevens 
Institute. 

All presentations, given largely without reference to the Avrit- 
ten text, were extremely well done so that the judges Messrs. 

A. H. Kehoe, L. W. Morrow and R. R. KJme found it difficult 
to select a winner, but J. G. Trump of the Polytechnic Institute 
was ultimately chosen. This award is the fourth made succes¬ 
sively to a student of the Polytechnic. 

In addition to the student presentations, Chairman Tapscott 
of the New York Section made an address of welcome in opening 
the session and after the presentation of the fourth paper there 
was an intermission during which a moAde comedy was presented. ^ 

A student dinner was held at the Fraternity Club at 6 p. m., ^ 

Farley Osgood, Past-President of the Institute giving a short 
after-dinner talk to the students on the problems faced upon 
graduation. ^ Some 350 students attended the afternoon session- 
and the dinner. 

The regular New York Section monthly meeting was held 
at 8:15 p. m. in the Engineering Auditorium, the speaker of the 
evening being Colonel Hugh L. Cooper, consulting engineer of 
New York, who gave an address on “Russia.’’ Colonel Cooper 
has been engaged in extensive hydroelectric developments in 
Russia and has traveled widely within its borders. He has 
made a practise of studying the situation in Russia thoroughly 
from all angles and has interviewed Russians of every type and 
class. His address very graphically presented, was of great 
interest and was followed by a long period of discussion with 
Colonel Cooper answering many queries. 

Preceding the talk on Russia the announcement of the election 
of officers of the Section for 1929-30 was made. Amendments ^ 
to the Section By-laws providing for the Group Actmties were 
passed. Presentation of the prize to the winner of the Student 
Branch competition was also made. Attendance totalled about 
350. 

STUDENT ACTIVITIES AT DALLAS REGIONAL MEETING 

. In making plans for the Regional Meeting of the South West 
District held in Dallas, Texas, Mly 7-9, 1929, the commttees 
in charge gave special attention to the student actiAdties.^ A 
program of special interest to Section and Branch representatives 
was arranged for the second session of the meeting Tuesday 
afternoon and a student session was held on Wednesday morning. 
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All of the 177 students attending the regional meeting, most of 
whom were from outside of Dallas, showed great interest in 
various sessions in addition to those at which student programs 
were presented as indicated beldV. 

Tuesday Aftebnoon 

Remarks, R. F. Schnohardt, President, A. I. E. E. 

Substation Design, ,T.» E. Peter, Chairman, University of 
Arkansas Branch.« 

Piezo-Electric CrystalrControiled Oscillators, LeRoy Moffett, Jr., 
Secretary, University of Oklahoma Branch. 

Frequency Stability of Split-Anode Magnetron Oscillaiors, 
Norvel Douglas, Chairman, University of Kansas Branch. 

Solution of Electrical Networks by the Use of a General Network 
Theorem, L. E. Brown, University of Texas. 

The Efect of Terminating Impedances on the Characteristics of 
Filters, Harold J. Miller, Chairman, Washington University 
Branch. 

• Wednesday Morning . 

Opening Remarks, B. D, Hull, Vice-President, South West 
District, A. I. E. E. 

Student Activities, H. H. Henline, Assistant National Secre¬ 
tary, A, 1. E. E. 

General Discussion of Student Activities. 

A Method of Investigating Surface Iron Losses, R. A. Foltz and 
H. E. Gove, University of Missouri. 

Positive Directions as Applied to Electric and Electro-Magnetic 
Circuits, G. W. Beams and E. L. Andrews, Texas A. & M. College. 

Performance of Standard Transformers Connected as Auto- 
Transformers, J. J. Loving and C. R. Redden, Texas A. & M. 
College. 

Supervision of Gas, Electric and Water Meters in Texas, W, T. 
Henriohson, University of Texas. 

A^fniversal Deficiency-Compensating Amplifier, J. E. Peek, 
Oklahoma A. & M. College. 

A Graphical Solution of Networks, E. G. Downie, Kansas State 
Agricultural College. 

A handsome cup had been provided for award to the Branch 
represented by the student who presented the best technical 
paper. At the close of the Wednesday morning session, the 
decision of the judges was announced by President Schuchardt, 
who presented the cup to the University of Oklahoma Branch, 
for the paper delivered by its Secretary, LeRoy Moffett, Jr., 
•entitled “Piezo-Electric Crystal-Controlled Oscillators.*’ ' 

Thursday Luncheon 

At a luncheon Conference of Counselors and of&cers of the 
Institute, held on Thursday, Dean George C. Shaad of the Uni¬ 
versity of Kansas was re-elected Chairman of the District Com¬ 
mittee on Student Activities. 

Various problems encountered in the conduct of Branch work 
were discussed and each of the nine Counselors present gave 
brief statements regarding the principal activities of his Branch. 
Ways and means of increasing interest in Branch meetings were 
mentioned, and considerable emphasis was placed upon the 
desirability of having nearly all of the papers presented ^by 
students. The value of occasional moving picture films, debates, 
smokers and dinners was recognized. 


ANNUAL COLLEGE BRANCH NIGHT OF DENVER SECTION 

The annual meeting of the Denver Section with students of 
the neighboring schools was held on April 26 with a total atten¬ 
dance of 90. The meeting was preceded by a dinner, at which 36 
students from the University of Colorado, University of Denver, 
and Coloi^o School of Min^ were guests of the Section. The 
following papers were presented by students: 

Some Factors Affecting the Power Limits of Transmission 
Systems, W. A. Merriam, University of Colorado. 

Uses of Electricity in Metallurgy with Special Reference jg the 


Production of Electrolytic Iron, James Ogilvie, Colorado School 
of Mines. 

Variation of the Pole Strength of a Permanent Magnet as 
Dependent upon Its Weight, F. A. St. John, University of Denver. 

Dean^O. J. Ferguson, Vice-President of the North Central 
District, gave a brief address on the obligation of individuals 
to the electrical industry. 


ANNUAL STUDENT MEETING OF SAN FRANCISCO SECTION 

The annual joint nJeeting of the San Francisco Secfion and the 
Student Branches at the University of California, University of 
Santa Clara, and Stanford University was held at the Engineers 
Club in San»Francisco on April 10, with^an attendance of 165,• 
and was preceded by an informal dinner attended by about 90 
members and visitors. 

The following program was presented by students: 

Design Equations for Vacuum Tube Voltmeters, Harry R. 
Lubcke, University of California. 

Voltage Surges in Audio Frequency Apparatus, Elmer H, 
Fisher, Stanford University. 

Characteristics of Electrostatic Loud Speakers, F. J, Somers, 
University of Santa Clara. 

Entertainment was supplied by University of Santa Clara 
students. 

The papers showed a great deal of thought and study and were 
presented in an interesting manner. On account of the nature 
of the subjects discussed, members of the San Francisco Section 
of the Institute of Radio Engineers were invited, and about 20 
were present. ^ 

These joint meetings have proven very popular and liave 
served to bring the students into contact with the older men of 
the profession. 

ANNUAL STUDENT MEETING OP UTAH SECTION 

The annual joint rgeeting of the Utah Section and the Uni¬ 
versity of Utah Branch for the presentation of student papers 
was held at the Newhouse Hotel in Salt Lake City on*lftay 13, 
with an attendance of 45. 

The following papers based upon thesis work done by the 
students were presented: 

Voltage Distribution on High-Tension Insulators, Floyd Gowan 
and Ned Chapman. 

Impedance Curves of Some Loud Speaker Units, D. W. Hatfield 
and C. M. Bisbee. 

The Location of Inductive Interference and Its Elimination by a 
Network, Jay R. Wrathall and Andrew Watt. 

The papets were well presented and interesting discussions 
followed. • 


FAST BRANCH MEETINGS 
Alabama Polytechnic Institute 

Business Meeting. Election of Officers. April 18. Atten¬ 
dance 28. 


a . u. 2 . Dirmingnam, Dy JN. ... 

The Empire Coal Mine, by C. D. Bradley, *29. Impromtu talks 
by J. R. Alexander, W. T. Edwards, and W. R. Coleman, 
students. April 26. Attendance 32. 

Following talks Dy students: Automatic Telephone Equipment, 
by W. T. Edwards; What Price Television, by Paul Brake; 
Squeezing Gas Out of Iron and Steel, by R. A. Mann; What 
V Means to Me, by J. R. Alexander; Boyhood 

Exp^immts, by P. C. Avant; Microphone Adjustments, by 
^ Or Cohen; and Methods of Cooling Transformers, bv 
W. F, Nabers. May 2.* Attendance 23. 


University of Arkansas 

Wave Traps and Band Pass Filters in Radio Circuits, by James 
• Boswell, stfident. March 21. Attendance 16. 


# Brooklyn Polytechnic Institute 

Four papers presented in competition, the winning paper to be 
presented at New York Section Student Convention: 
Regenerative Crystals, \)j A. W. Nagy; Traffic Signals, by 
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Thomas Detwiler; AcceleromeierSf by George Logan, and 
Talking Pictures, by John Trump. J. Trump declared 
winner of contest. Refreshments served. March 8. 
Attendauoe 48. 

Osdllographaf by C. A. Mead, Westinghouse Electric & Mfg. Co., 
Newark. Refreshments served. April 19. Attendance 41. 

California Institute of Technology 

New and Interesting Pltasea of Electrical Engineering^ by Dean 
P. S. Biegler, University of Southern Califomia. May 2. 
Attendance 20. ^ 

University of California 

The General Electric Test Course, by Prof. T. C. McFarland, 
Counselor. Slides. C. W. Mors, student, gavQ,an explana¬ 
tion and demQpstfation of his newly devised radio circuit. 
John A. Reynolds, A. S. U. C. President-elect, gave a brief 
review of his plans. Election of officers. April 17. At¬ 
tendance 22. 

Carnedie Institute of Technology 

The Recording and Reproduction of Sound in Connection with 
Motion Pictures, by Harry Greenman, student. J. R. 
Britton, Chairman-elect, presented a report upon the 
Regional Meeting in Cincinnati. Short social meeting. 
April 10. Attendance 32. 

Case School of Applied Science 

Senior Farewell Dinner, followed by theater party. Branch 
business turned over to the newly elected officers. May 1. 
Attendance 38. 

University of Cincinnati 

Atomic Hydrogen Welding, with demonstration, by J. E. Middle- 
ton, ’29. Election of officers. April 4. Attendance 53. 

Clarkson College of Technology 

Inspection trip to Massena Works of the Aluminum Company of 
America, April 17. Attendance 32. 

Papers presented by students as follows: The Art of Arc Weldirw, 
by 0. F. Vaughn; The Economics of Arc Welding, by W. F. 
Cooney; Aeronautical Insirumenla, by K. T. Henry; and 
Development^ of Aviation, by H. J. Sullivan. April 20. 
Attendance 26. 

Annual election of officers. April 25. Attendance 57. 

Following papers presented by students: The Progress of Rail¬ 
way Electrification, by G. W. Aucock; The Theoretical and 
Field Study of Lightning Discharges, by F. A. Grant; and 
The Manufacturing of Ice Cream, and Other Ammonia 
Freezing Installations, by J. M. Kimball. April 27. Atten¬ 
dance 22. 

Colorado Agricultural College 

The Photoelectric Effect, by Dr. F. L. Poole, Associate Professor 
of Electrical Engineering. January 14. Attendance 13. 

Three-reel motion picture showing construction and manufacture 
,of insulated wire. April 15. Attendance 12. * 

University of Colorado 

Manufacture and Calibration of Electrical Measuring Instruments, 
by A. 3 . Corby, Jr., Weston Electrical Instrument Corp. 
Slides. Refreshments. April 24. Attendance 30. 

Cooper Union 

Frequency Stabilization, with demonstrations, by Louis Fernsla. 
April 10. Attendance 10. 

University of Denver ^ 

Demonstration given by representatives of the Gteneral Electric 
Company of s«>me experiments on the relation between life 
and cost of an electric lamp, and magnetic braking and motor 
control. March 29. Attendance 105. 

Motion pictures, entitled “Street lighting” and “Driving the 
Longest Raihoad Tunnel in the Western Hemisphere.” 
April 12. Attendance 76. • 

Business Meeting. April 24. Attendance 15. 

Business Meeting. Following officers were elected for next year: 
President, L. J. Wright; Vice-President, H. Ward; Sec¬ 
retary, R. B. Convery; Corresponding Secretary, G. W. 
Bindschadler. Mayl. Attendance 11. 

University of Detroit 

Uses of Psychology in Factory Maintenance, by E. B. Walerych, 
Elec. Bngr. and Suipt. of Maintenance, Plymouth Plant, 


Chrysler Corporation. Film: “Description and Operation 
of the Radio Beacon in Aviation.” April 18. Attendance 35. 

Duke Uiliversity 

Mathematical Short-Cuts, by S. G. Lindsay, Jr., ’30, and 

Radio Application to Railroad Signal Systems, by C. W. Berglund, 
Jr.,^29. April 19. Attendance 19. ^ 

University of Florida 

Business Meeting. Following officers were elected: Chairman, 

J. W. McKay; Vice-chairman, L. R. Bassett; Secretary- 
Treasurer, A. L. Webb. April 29. Attendance 15. 

Georgia School of Technology 

Inspection trip to the Atlantic Steel Mills, Atlanta. April 10. 
Attendance 45. 

University of Idaho 

Talks on their work during past summer by the following stu¬ 
dents: H. Hattrup, Bell Telephone Co.; Fred Dicus, 
Clearwater Timber Co.; Orland Mayer, Washington Water 
Power Co.; and Bob Olin, Clearwater Tinfber Co. March 
13. Attendance 30. 

Forests, by L. D. Schmitz, ’29, and 

Steinmetz, by J. L. Thomason, ’29. F. E. Dicus, Jr., elected 
Secretary-Treasurer. Dinner meeting. March 20. At-.^ 

tendance 32. 

Iowa State Gollede 

Business Meeting. The following officers were elected: Presi¬ 
dent, H. H. Stahl; Vice-President, Phil Pryor; Secretary- 
Treasurer, H. Kirk. April 24. Attendance 24. 

Kansas State Gollede 

Current Events in Engineering World, by A. R. Weeke, Jr., 
student, and 

Design of Long Distance Telephone Circuits to Provide Satisfactory 
Transmission, by A. B. Covey, Transmission and Protection 
Bngr., Southwestern Bell Tel. Co., and Secretary, Kansas 
City Section. Election of officers. April 4. Atten^hce 
138. 

University of Kansas 

Wesiinghome Student Course, by Mr. Randel; 

Dates of Important Discoveries and Devdopments in the Electrical 
Field, by Mr. Leonard, and 

The Modem Radio Receiver, by Mr. Baxter. Entertainment. 
April 11. Attendance 58. 

Business Meeting. The following officers were elected for next 
year: Chairman, M. W. Hammond; Vice-Chairman, O. N. 
Magers; Secretary, H. W. Yenzer; Treasurer, Wayne 
Powell; Senior Representative, Leslie Flory; Junior Repre- - 
sentative, G. E. Berg. April 25. Attendance 80. 

Lehidh University 

Recent Developments in the Electric Utility Systems, by Raymond 
Bailey, Asst. Elec. Engr., Philadelphia Electric Co. and 
Secretary, Middle Eastern District, A. I. E. E. Illustrated. 

Summer Experiences, by R. S. Taylor, ’29. A prize of $10.00 was 
awarded to L. K. Sowers for the best student pa;^er of the 
year. The following newly-elected officers were in charge 
of the meeting: President, B. 0. Steinert; Vice-President, 

R. A. Baker; Secretary, J. B. Zeaser; Treasurer, P. A. 
Bahr. May 2. Attendance 58. 

Lewis Institute 

Four motion pictures: “Building New York’s Newest Subway,” 
“Driving the Longest Railroad Tunnel in the Western 
Hemisphere,” “Dynamite, the Modem Ditch Digger,” and 
“Letting Dynamite Do It.” May 8. Attendance 100. 

Louisiana State University 

Motion picture—“The Story of Dynamite.” March 21. At¬ 
tendance 22. 

Motion pictures—^“Driving the Longest Railroad Tunnel in the 
Western Hemisphere” and “Building New York’s Newest 
Subway.” April 1. Attendance 26. 

^ Massachusetts Institute of Technology 

An Outline of the Development of Electric Illumination, by Q. A, 
Turner,’29, and 

Lighting in Industry, by M. M. Hubbard, ’29. March 22. At- 
teSidance 15. 
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fournal A. L SrS. 


Inspection trip to Edgar Station of the Edison Electric Illnminat 
ing Company of Boston. March 28. Attendance 50. 

An Introductory Discussion of the Gasoline-Electric Drive^ by 
A. A. Jones, student, and * 

Application of the Gasoline-Electric Drive to Pleasure Vehicles^ by 
E. R. Gardner, student. Luncheon meeting. May 1. 
Attendance 76. « 

crsity of Maine 

Lightning Disturbances on Transmision Lines^ by E. W. Jones, 
*28. Following officers elected: President, A. E. Crockett; 
Vice-President, E. P. Bailey; Secretary-Treasurer, H. R. 
Mayers. April 18. Attendance 38. 

Montana State College 

Direct Scanning in Television^ by Prank Gray, from Bell Labora 
tories Record, March, 1929. Presented by Prithiof Johnson" 
student. , 

Some Developments in ike Electrical Iridusiry During 1928^ by 
John Liston, from General Electric Review^ January 1929. 
Presented by Vincent Morgan, student. 

Talking Movies*hy the Density Method^ by Donald MacKenzie, 
from the Bell System Technical Journal, Jantiary 1929. 
Presented by Joseph Hmst, student. April 11. Atten¬ 
dance 50. 

^ High-Voltage Mercury Arc Rectifiers, by L. Smede, from Electric 
Journal, August 1928. Presented by Homer Morton, 
student. 

Advances in Industrial Lighting Practise, by A. D. Bell, from 
A. I. E. E. Journal, April 1929, Presented by Earle Rud- 
berg, student. Three-reel film—“Electric Arc Welding.^* 
April 25. Attendance 61. 

Smoke Predpitcdor, by E. T. Braden, student; 

Rural Power Elecirificaiion in Gallatin Country, by Poster Buck, 
student, and 

Electnc Thermometers for the Stars, by H. N. Russell, from the 
Scientific American, May 1929, Presented by Harrell Renn, 
student. May 2. Attendance 68. 

University of Nebraska 

Expenences in Summer Employment, by H. E. Cook and Otto 
Sjw, students. Plans for ‘ ‘Engineers Week” were discussed. 
Film—“Largest Single Unit Electric Locomotive,” April 
24. Attendance 36. 


Newark College of Engineering 
EvoMion of the Elevator, 1^ S. C. Lawson, Sales Engr., Otis 
Elevator Co., and G. E. Staokpole, of the same company. 
April 15. Attendance 24. 

Electrolysis, by L. Hompesch, New Jersey Bell Telephone Co. 
May 6. Attendance 25. 


University of New Hampshire 

Transient Disturbances on Transmission Lines, by T. Elliott, 
student, and 

District Representative Plan in the Black Valley, by G. Sumner, 
student. October 13. Attendance 26. 

Two motion pictures—“Telephone Current” and “Artificial 
Respiration.” Following officers elected: Chairman, Philip 
Nudd; Secretary, Danforth Coogins. April 6. Atten¬ 
dance 32. 


Following talks by students: “Turbine-Electric Drive for Ship 
Propulsion’ by R. G. Ballard; “Aircraft Compass Prob- 
lems,” by W. S. Bartlett; and “Construction of the Vacuum 
Tube, by A. W. Boyles. April 13. Attendance 30. 
Following talks by students: “Electrical Progress in JapanJ’ by 
“The Deion Circuit Breaker,” by J. J. DonneUy; 
gid Measurement of Reactance with the Wheatstone 
Bridge,” by N. J. Pierce. April 20. Attendance 30. 
Raising the Load Factor, by H. Duquette, student, and 
Tests m Glazed Insulators, by B, C. Files, student. As a means 
or increasing the interest in the meetings of the Branch, two 
or three students are called upon each week to speak extem¬ 
poraneously on topics assigned by the Chairman. This 

Attimdance^8^^^^^ regular program. April 27. 


, Gollede of the City of New York ^ 

Moti^ picture—“Modem Manufacturing with a *Stable-Aro’^ 
Welder.” May 9. Attendance 37. ^ 

North Carolina State College 

The followg officers were elected: Chairman, H. W. Hprney 
Vice-Chairman, D. E. Jones; Secretary-Treasurer, E. r! 

• 


Price; Member of Engineering Council, W. W. Weltmer; 
Reporter, T. S. Ellington. April 16. Attendance 18. 

Business meeting. May 7. Attendance 8. 

University of North Carolina 

The louring program was given by students: The History 
1 PalapAone, by H. J. Hines, Jr.; Professional Relations 
of the Electrical Engineer, by W. B. Massenburg; and The 
Development of the Eleciric Railway, by J. W. Holt, Jr. 
April 18. Attendance 32. 

Lightning Effects on^ Transmission, by Wayne Bursh, Carolina 
Power & Light Co., and 

Effects of Transmission Lines on Long Distance Telephone Lines, 
by Mr. Jenkins, of the same company. Following the 
regulaameeting, a smoker was held. Jday 2. Attendance Zi, 

University of North Dakota 

Still fiJim—“Mercuty Arc Rectifier.” The following officers 
Chairman, R. W. Olson; Vice-Chairman, 
J. S. McKeehnie; Secretary-Treasurer, G. Jj. Glass. May 2. 
Attendance 21. r 

Northeastern University 

The Development of Television, by J. W. Horton, Chief Engr., 
General Radio Co. Slides. April 23, Attendance 60. 

University of Notre Dame 

Indiana-Michigan Electric Company Lines, by H. J. Kiely and 
E. P. Kreimer, Indiana-Michigan Electric Co. Election of 
officers. Refreshments served. April 29. Attendance 60. 

Ohio Northern University 

Business Meeting. February 28, Attendance 21. 

Modem Electric Equipment in R, R, Systems, y Robert Davis, 
student. March 21. Attendancer 22. 

Prof. I. S. Campbell, Counselor, emphasized several of the many 
adv^tages in membership in the A. I. B. E. President 
McGah^ reported upon the Regional Meeting in Cincinnati. 
April 18. Attendance 16. 

Electrical Equipment Used in Salt Mining, by A. Schifino, 
student, and 

Oil Circuit Breaker^, by H. R. Garn, studen*?;. May 2. At¬ 
tendance 21. ^ 

* 

Ohio University 

Business meeting. October 31. 

Insp^tion trip to the electrically operated coal mine of the 
Boston Coal Company, Millfield, Ohio. February 13. 
Attendance 12. 

Three-reel film—“Arc-Welding.” April 18. Attendance 28. 

Motim picture—“Driving the Longest Railroad Tunnel in the 
Western Hemisphere,” April 26. Attendance 25. 

Oklahoma A. & M. Gollede 

Business session. Four-reel picture “Fifty Years of Telephone 
Progress.” April 25. Atten^dance 30. 

Oregon State Golle^e 

Electrical Measuring Instruments, by A. S. Corby, Jr., Edu¬ 
cational Department, Weston Electrical Jnstrufnent Corp. 
April 6. Attendance 62. 

Chairman Mize gave a report on the Conference on summer 
employment which he attended in Portland. Prof. F. O. 
McMillan, Counselor, gave a resume of the accomplish¬ 
ments of the conference. April 22. Attendance 21, 

Prof. F. O. McMillan, Counselor, announced that the prize for 
the best sljident paper in the North West District had been 
won by Paul Kiev and Audrey Shirley for their paper 
entitled “The Determination or Voltafe Ratio of Audio 
Frequency Transformers by Means of the Cathode Ray 
C^cillograph.” May 1. Attendance 22. The following 
officers were elected on May 6: Chairman, B. G. Griffith; 
Vice-Chairman, R. B. Haight; Secretary-Treasurer, D. C. 
Gillanders. • 

University of Pennsylvania 

Following officers elected: Chairman, R. R. Creighton; Vice- 
Chairman, F. C. Iglehart; Secretary, Newbem Smith; 
Treasurer, J. S. Moore, Jr. March 18. Attendance 27. 

University of Pittsburgh 

One-reel picture—“Water Power.” March 22. Attendance 42. 

Japanese Power Development, by S. Q, Hayes, General Engr., 
Westinghouse Electric & Mfg. Co. April 5. Attendance 66. 
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Work with the Wagner 'Electric Corporation, by J. O. Pattillo, *26. 
Chairman J. B. Luck gave a report on the Student Aetivites 
Session at the Cincinnati Regional Meeting. April 12. 
Attendance 63. 

Processes and Equipment Used in Obtaining Copper Electrolytically 
from the Low Grade Ore of a Mine in Chile, by G. W. Goebel, 
Superintendent, Inspection & Testing Depts., Westfeighouse 
Elec. & Mfg. Co. April 19. Attendance 66. 

Business session. Motion picture “The History of Transporta¬ 
tion.*’ May 3. Attendance 67. 

^ Princeton Unlversit:^ 

Deion Circuit Breaker, by W. K. Murray, student. April 10. 
Attendance 8. 

^ Purdue University m ^ 

Relativity, by C. S. I?oys, Instructor in Elec. Engg. Business 
session. March 2. Attendance 20. 

The Dynamic Speaker, by W. H. C. Higgins, III, student- 
Election of officers. April 16. Attendance 45. 


■f 

University of South rn California 

Development of the Electric Power Industry in Los Angeles, by 
E. R. Northmore, Supt. of Electric Distribution, Los Angeles 
Gas & Electric Corp., and ^Vice-President, Pacific District, 
A. I. E. E. April 11. Attendance 60. 

The Reconstruction of Power Plant No. 2 on the Los Angeles 
Aqueduct, C. M. Allen, Construction En^., Dept, of Water 
and Power, City of Los Angeles. -*April 25. Attendance 

no. « • 

Stanford University ** 

A Harmonic Generator, by E. H. Fisher, graduate student, and 

Methods of Training an Engineer in England, by R. H. Angus 
(Yorks, England), graduate student. April 3. Atten¬ 
dance 

C. H. Delaney, Pacific Gas and Electric Co., spoke on Station C, 
the new steam plant of that company in Oakland. April 22, 
Attendance 23. 

Inspection trip to Station C. April 27. Attendance 17. 


Rensselaer Polytechnic Institute 

The Use of Series Capacitors in Transmission Lines, by T. A. E. 
Belt, General Electric Co. Complete demonstration given. 
March 12. Attendance 160. 

Television, by R. A. Deller, Bell Telephone Laboratories, Inc. 
Motion pictures and apparatus. Election of officers. 
April 9. Attendance 402. 

Rhode Island State College 

Development of Power in New England, by T. H. Lloyd, student, 
and 

Early Power Plants, by Edward Kenyon, student. December 19. 
Attendance 13. 

Developments of 1928, by P. E. Caulfield, student. April 12. 
Attendance 14. 

Inspection trip to Narragansett Electric Power Station at 
I^ovidence, Dyer Street Substation, and the Industrial 
Trust Building. April 19. Attendance 14. 

Hydrogertr-Filled Synchronous Condenser, by P. E. Caulfield, 
student; 

Condenser Moto?, by A. H. Coon and Am»ld Judkins, students, 
an(^ 

Radio Spectrum, by A. Z. Smith, student. April 26. Atten¬ 
dance 16. 

Prof. William Anderson, Counselor, announced plans for the 
Student Convention at Troy, Election of officers. Maly 3. 
Attendance 18. 

Rutdcrs University 

The Rocky River Hydro Development, by President J. Cost, and 
The Development of the Mercury Arc, by Prof. P. S. Creager, 
Counselor. March 26. Attendance 24. 

Sound Recording with Light Valve, by E. Wilson, ’29, and 
Transmission Troubles in California Power Lines, bj^T. Stauber, 

“ *30. April 19. . Attendance 18. 

The Graphical Solution of A-C. Transmission Problems, by Mr. 
Wolf, *29, and 

The Electrj)lytic Zinc Plant of the Sullivan Mining Company, by 
L. Gorka, *3®. April 16. Attendance 20. 

University of Santa Clara 

Inspection trip to the Hetch-Hetehy Power and Water Project. 
Joint function of the Branch and the University of Santa 
Clara Engineering Society. April 13-15, Attendance 29. 
Inspection trip to the General Electric Company’s Radio Broad¬ 
casting Station KGO and to the General Electric Company’s 
lamp factory^, Oakland, California. April 17. Attendance 23. 
Inspection trip to Station “C”, Pacific Gas & Electric Co., 
Oakland, Mayl. Attendance 24. 

Business Meeting. Following officers elected: Chairman, T, 
L. Selna; Vice-Chairman, G. W. Vukota; Secretary, J. 
D. Gillis, May 5. Attendance 27. 

South Dakota State School of Mines 

Electrical Measuring Devices, by A. S. Corby, Weston Electrical 
Instrument Corp. April 29. Attendance 41. • 

Film—“The Single Ridge.” April 11. Attendance 20. % 

University of South Dakota 
Business Meeting. April 29. Attendance 14. 


Stevens Institute of Technology 

The Economics of Locomotive Assignment, by W. Titus, student. 
Two-reel film to illustrate. Smoker of Stevens Engineering 
Society. Refreshments were served. April 24. Atten¬ 
dance 40. 


Syracuse University 


Calculation of Forces on Automatic Circuit Breakers, by Mr. Allen, 
student, and 

Electrification of a Steel Mill, by Mr. Casavant. W. B. McCann, 
Chairman of the Syracuse Section, discussed the papers. 
The relationship between the Section and the Branch was 
discussed. Following the meeting, a luncheon was given in 
honor of Mr. McCann. February 28. Attendance 22. 

Following talks by students: “Spacing of Poles on a Transmis¬ 
sion Line,” by Mr. Noxon; 

Trolley Pole Design, by Mr. Martin. April 11. Attendance 21. 

Selection of a Transformer, by Mr. Zogby, student, and 


Electrification of a Rolling Mill, by Mr. Warntz, student, .^pril 
25. Attendance 21. ^ 


University of Tennessee 

Film—“The Single Ridge.” February 15. Attendance 21. 

Texas A. & M* College 

Calculation of Inductance of Overhead Wires, by O. M. Somers, 
student, and 

General Transmission Line Equations for Steady State Conditions, 
by M. E. Horn, student. Pictures—“Power Transmission” 
and “The Induction Voltage Regulator.” March 1. 
Attendance 27. • 

Neon Gas-Tube Lamp, by I. W. Corhart, student, and 

Speed of Vision, by W. D. Neff, student. Pictures—“Making 
Mazda Lamps,” “Light of a Race,” “Liquid Air” and 
“Nature’s Frozen Credits.” March 15. Attendance 48. 

Television, by E. F. Shawver and W. C. Rowland, students; 

Ray-Photo, by A. D. Martin, student, and 

The A. T. db T, System of Picture Transmission, by C. S. Robert¬ 
son, student. Film—“Wizardy of Wireless.” April 5. 
Attendance 41. 

Radio-Activity, by C. C. Neighbors, student; 

Electrical Units, by S. L. Moseley, student, and 

Crystals and Piezo-Oscillators, by C. W. Jackson, student. Film 
• “The Single Ridge.” Election of officers. April 12. At¬ 
tendance 50. 


University of Texas 

Television, by J. O. Perrine, American American Tel. & Tel. Co. 

March 2l. Attendance 220. 

Power Line Maintenance, by J. B. Robuck, student, and 
Electric Refrigeration, by Chairman L. R. Bagwell. Plans for the . 
coming Power Show discussed. April II. Attendance 23. * 

University of Vermont 

Lecture on and demonstration of*a new oscillograph by Prof. 

L. P. Dickinson, Counselor. April 10. Attendance 21. 

Radio Control of Trains, by L. M. Donahue, *30. Discussion 
of plans for the Student Convention in Troy. April 24. 

Attendance 13.- 

•» 
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Viriiinla Pc lytechnic Institut 

Mod^n Diatrihuting Equipment^ by F. C. Graves, Line Material 
Co. April 17. Attendance ] 7. 

University^of Virginia 

BjBteci of Glazing on Insulators, by P. S. Beach, student, and 
Airplane Com^f asses, by H. R. Holt, student. Four reels on the 
construction .and operation of electrical instruments. Re¬ 
freshments. Ap^I ^ Attendance 35. 




tumal A. I, B,] 


WashiniJtoii UnlverMty 

Busfiness meeting. April 13. Attendance 17. 

Tran^ormera, hr R H. Bai^on, Chief Electrical Bngr.. 
Moloney Elec. Co. Apnl 9. Attendance 19. 

University of Washington 

M. Gustafson, Sales Agent, 
^neral Electric Co. Business session. April 19 Atl 
tendance 21. 


Engineering Societies Library. 




BOOK NOTICES, APRIL 1-30, 1929 

Unless otherwise specified, books in this list have been pre¬ 
sented by the publishers. The Society does not assume responsi¬ 
bility for any statement made; these are taken from the preface 
or the text of the book. 

All books listed may be consulted in the Engineering Societies 
Libi^ij^. 

Aiecraft Float Dbbiqn. 

By Holden C. Richardson. N. Y., Ronald Press Co., 1928. 
(Ronald Aeronautic Series) 111 pp., iUus., diagrs., tables, 9x6 
m., cloth. $5.00. 

A discussion of the fundamentals of float shapes and arrange- 
designer in selecting a satisfactory 
- a^angement and correct proportions, and in determining per- 
The book presents material that hae not been a^fl- 
able heretofore in connected form. 

Dynamics. 

- By A. S. E^ey. Cambridge, Bug., Univeraity Press, 1929. 
N. Y., Macmillan Co., 269 pp., diagrs., tables, 9 x 6 in., cloth. 
10s 6d. 

priman> for those preparing for a first honors 

M^fSSded -worked and unworked exam^ 

E. T. Z. QEBAMTiNHALTSTBKZEicHaNis; 1903 bis 1927 der Elek- 
trotechnischen Zeitschrift, der bande 1 bis 18 des Archivs 
far Elektrotechnik, und der V. D. E.-Pachberichthefte 
1926 und 1927. Edited by Franz MooUer. Berlin, Julius 
Springer, 1928. 663 pp., 12x9 in,, paper. 24.-r. m. 

•Bu 1 . Blootrotechnisohe Verein and the -Verband Deutsche 

“suing this index, which covers 
publication of tbe societies from 1903 to 1927 
Wiai the mdex eoveriM the first twenty-four years of 4e 
Elokteotnluiis<*e Zeite<duift which appeared in 1^, it now 
^^nSKiSrii^^®^^ important German literature on 

^ V subject. The subject pop- 

fc nf mwrmi^ to a simple, sensible plan. Tbe ^e 

IS of good size and the pnnt cleax. ^ 

Blbctbicai. Tsansmission and Distbibution, 

Edited by R. 0. JKApp. v„3 and v, 4, Swi^ear. N. T 
Isaan Pitman & Sons, 1929. 2 v., fflus., diagrs., tables, 8x6 
in., cloth. $1,75 eiiich. 

These two volunies oh switchgeao: form paort of a treatise on 
electrical transmission and distribution by a number of English 


descriptive, rather than theoretical, 
combming practical data with descriptions of commonly used 
switchboards and apparatus. ^ 

Part one discusses layouts and apparatus for high, average, and 
low tension arC. switchgear and for d-c. switchgear. I^t two 
operation of switchgear, ironclad switches 
^r industrial and mimng use, and protective systems for arC. 

lUcUlllS* 

Electbicity Afpluid to Mining. 

By H. Cotton. N. Y., Isaac Pitman & Sons,4929. 626 pp. 
illus., plates, diagrs., 9 x 6 in., cloth. 810.00. 

generation, transmission* and dis- 
* ^eotnoity mth p^cular reference to the problems 
soM^ nmn'nq eleotocity for driviim fans, aar compres- 

cutters and conveyors, and for hauling, Imist- 
ilf® **i®“ systematically in more detadh 

0« th, 

ElbktrizitXt im Hausb. 

Ber. u. Lpz., -wralter de Gruyter & Co., 
1929. 140 pp., illus., tables, 6 x 4 in., cloth. 1,60 r. m. 

language the ways in wbiob 
^ home. Methods and apparatus for 
qookmg are 4pscribed.. Various forms bf 
motors, cleaners, ironing and washing machines, toleDhones 
radio receivers, etc., are illustrated and explained. ’ 

ENGINBIiSBING BlBOTEICITT. 

By Ralph G. Hudson. 2d edition. N. Y.,* John Wiley & 

|2?d ® ® fa-brikoid. 

^®5 course covering tbe general principles of 

eleotnoity imd magnetism most frequ^tly appUed in 

SJS®*“®- • ?‘^® ^ primarily iStende^ stu^WKf 

not speciahzmg ;:tn eleotnoal engineering and represents the 
mstaotapn given jvmor and senior students of other branches of 
ei^meermg at the Massachusetts Institute of Technology. 

Histoct of Manotaotubbes in the United States, v. 1; 
1607-1860. > • •*. 

■D ?r M®Qraw-Hill Book Co., 1929. 

Pubhshed for the Carnegie Institution of Washington. 607 
pp., IMPS, 10 X 7 in., cloth. 816.00. 

T J® * 5®;^®!! of the volume published bv the Cameme 
Waehin^n in 1916,. which C been out oTS^t 
^te^ fei repub^hed and will be extended 

•” ™‘““ tl» MOO, do™ to 

turi^v^^^A^fw^i”*^®^ * students of manufae-. 

unng. It IS stnctly an economic histo^, not an account of 
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technology and mechanics, but students of the latter will never¬ 
theless find it valuable and be helped further by the bibliographic 
footnotes. The book is a pioneer work, based on ori^nal 
material, which interprets the development, organization, and 
economic interactions of our manufacturing industry from its 
beginnings to the time when the nation changed from an agri¬ 
cultural to an industrial state. * 

History op Mathematical Notations; v. 2, Notations mainly 
in higher mathematics. 

By Florian Cajori. Chic., Open Court publishing Co., 1929. 
367 pp., 9^6 in., cloth. $6.00. « 

The concluding volume of Dr. Cajori's history discusses the 
symbols of advanced arithmetic, algebra, and geometry, and of 
modem analysis. The two volumes contain almost all the 
Symbols used down to the beginning of the ninete-fiDth century 
and a representatsve selection of those occurring in recent writ¬ 
ings. The amount of research that the work represents is extra¬ 
ordinary, and the history will be of groat usefulness to mathe¬ 
maticians. 

Industrial De-velopment op Searles Lake Brines. 

By John E. Teeple. N. Y., CHemical Catalog Co., 1929. 
(Amer. Chemical Soc. Monograph series), 182 pp., illus., 
diagrs., 9x6 in., cloth. $3.00. 

The author calls this a ^‘short story of the application of 
research, technology and common sense to the development of a 
potash and borax business.” Such histories of the infantile 
diseases of new industries are seldom written, and this graphic 
account of the early trials of one that finally succeeded will not 
only be welcome to those who are interested in potash, but may 
also be read with profit by young chemical engineers generally. 

The equilibrium diagrams and data which fill about half the 
book cover 86 systems of from two to six components. They 
were prepared in connection with the development of the brines 
at Searles Lake. -• 

Jahrbuch dbr Hapenbautechnischen Gbsellbchapt. V. 10, 
1927. Hamburg, Verlag dor Hafenbautechnischen Qesell- 
schaft, 1928. For sale by V. D. I. Verlag, Berlin. 222 pp., 
illus., ^agrs. maps, 12 x 9 in., cloth. 30.-r. m. 

Engineers interested in learning how German and Dutch 
harbors are equipped will find much information in this year¬ 
book, which contains good descriptions of several important 
docks (to, the Rhine and in Holland. Particular attention is 
paid to machinery for handjin^ coal and other bulk freight. 

There are also extensive'articles on the construction of the 
Rotterdam quay walls and the lighting and buoyage of the Elbe. 
A short account of the oil loading plants at the Chilean oil field 
is given. All the articles are profusely illustrated with drawings 
and photographs. 

Manupacture op Pulp and Paper, v. 5, 2d edition. 

By Joint Executive Committee on Vocational Education 

representing the.Industry of the U. S. and Canada. N. 

Y., McGraw-Hill Book Co., 1929. Various paging, iUus., diagrs., 
tables, 9x6 in., cloth. $6.00. ^ 

This volume is the conclujjling part of a work prepared under 
the direction of the Canadian Pulp and Paper Association and the 
Pulp and Paper Industry, which aims to provide a text-book 
covering the fundamentals of mathematics and science and the 
principles* and i»'actise of pulp and paper manufacture. The 
course of study is arranged definitely for home study. 

About one-half of this volume is devoted to paper-mfdmg 
machines. The other topics axe hand-made papers, tub sizing, 
aper finishing and testing, coated papers and paper-making 
w.etails. The new edition has been thoroughly revised, several 
sections have been rewritten and some new topics have been 
added. 

Physical Principles op Wireless. ^ 

By J. A. Ratcllffe. Lond., Mathuen & Co., 1929. 104 pp., 
diagrs., tables, 7 x 6 in,, cloth. 2/6. 

This small book, written by a physicist for physicists, is con¬ 
cerned with the physical principles on which racho is based, and 
omits engineering details. It discusses the electric^ and acousti¬ 
cal phenomena concisely, yet clearly, and is especially intended 
for physicists who are not specialists in this subject. 

Radio Operating; Questions and Answers. 

By Arthur R. Nilson and J. L. Homung, 2d Edition. N. Y.,.* 
McGraw-HiU Book Co., 1929. 267 pp., iUus., diagrs., tables,^ 
8 X 6 in., cloth. $2,00. 

Presents the essentials of radio operation in catechism form. 
Intended for use with “Practical Radio Telegraphy,” by the 




same authors, and designed for students preparing for operator's 
licenses. This edition is revised in accordance with the U. S. 
Radio Act of 1927. 

Six-Place Tables.. with Explanatory Notes by Edward S. 
Allen. 

3rd edition. N. Y., McGraw-Hill Book Co., 1929. 167 pp., 

7 X 4 in., fabrikoid. $1.50. « 

These tables are clearly printed and the size is actually con¬ 
venient for the pocket. The book contains the mathematical 
tables used regularly and continuously by engineers and engi¬ 
neering students, accurate to six places. 

In the new edition the values of natural secants and cosecants 
have been added, and new tables for conversion between radians 
and degrees are included. 

Statistical Mechanics .. based on an Essay awarded the Adams 
Prize in the University of Cambridge, 1923-24. 

By R. H. Fowler. Cambridge, Eng., University Press, 1929. 
N. Y., Macmillaai Co., 570 pp., tables, 11x8 in., cloth. $10.50. 

At the ifcime (1924) when this work was begun, there was no 
recent exposition of the equilibrium theory of statistical mechan¬ 
ics, and the book is still the only one in English. The work aims 
to give a connected account of the theory, by the method 
developed by the author and Professor Darwin, with an exposiy 
tion of its applications to physical and chemical problems. The 
book incorporates the results of the new mechanics, as well as 
those of classical mechanics. 

Strength op Materials. 

By Arthur Morley. 7th edition. N. Y. Longmans, Green 
& Co., 1928. 569 pp., illus., diagrs., tables, 9x6 in., cloth. 
$4.20. 

Covers the ground of the usual college courses in the subject, 
paying attention to several subjects, such as the strength of 
rotating disks and cylinders, and unstayed flat plates, the bend 
ing of curved bars and vibratory stresses, which are sometimes 
given scanty treatment. The changes from the sixth e^ion 
consist of added articles on the circular stress diagram^nd a 
rewritten statement about fatigue of metals. 

Theoretical Mechanics. 

By Joseph S. Ames and Francis D. Mumaghan. Bost. & 
N. Y., Ginn & Co., 1929. (Engineering Series). 462 pp., 
9 X 6 in,, cloth. $5.00. 

The purpose of this work is to privide students of physics, 
mathematics, and chemistry with a text and reference book which 
will correspond with the new view of theoretical mechanics 
which has resulted from recent advances in mathematiGal 
physics. It includes a systematic treatment of vector analysis, * 
g 3 rroscopio theoiy, wave motion, etc. The volume furnishes a 
foundation for advanced study of statistical mechanics, quantum 
dynamics, atomic theory, etc., and is adapted for class or private 
study. 

Theory of Heat. 

By Thomas Preston. 4th edition. Lond. &N.Y., Macmillan 
Co., 1929. 836 pp., illus., diagrs., tables, 9 x 6 in., cloth. $8.50. 

This comprehensive survey, from a historical point of view, of 
the development of the theory of heat, has been a favorite work 
since its appearance in 1894. The clear, connected account, 
illustrated by critical discussions of typical experiments, gives 
the reader a clear view of the subject, not limited by adherence 
to ^any arbitrary standards of curriculum or mathematical 
attainments. . , , . . x* 

This revision is chiefly m the experimental determinations of 
thermal data* The book has been brought up to date by care¬ 
ful additions and omissions. 

Wave Mechanics; b^ing one aspect of the New Quantum 
Theory. 

By H. T. Flint. Lond., Methuen & Co., 1929. 117 pp., 
diagrs., 7x5 in., cloth. 3/6. 

This little book aims to present igi a reasonably simple manner 
an account of wave theory of mechanics as developed by de 
Broglie and Schroedinger, It is intended for those not m close 
contact with recent work in physics who wish to become famihar 
with this new method and its relation to existing theory. Refer¬ 
ences to more advanced works are included. 
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Engmeei^g Societies Employment Service 




........ 


Unier mancwerMnt of the national societies of CM, Mining, Mechanical and Electrical Engineers cooperat¬ 
ing vnih the Western Society of Engineers. The service is available only to their membership, and is maintainea as a 
cooverative hure^ hy contributions from the societies and their individual members who are directly benefited. 

Offices:—SI West S9th St., New York, N. Y.,—W. V. Brown, Manager. 

ISie Engineering Bldg., SOS W. Wacker Drive, Chicago, III., A. K. Krauser, Manager. 

57 Post St., San Francisco, Calif,, N. D. Cook, Manager, • 

MEN A VAILABLE.—Brief announcements wiU he published without charge but will not be repeated except upon 
requests received after an interval of one month. Names and records will remain in the active files of the bureau for a 

renewable upon request. Notices for this Department should be addressed to 
EMPLOYMENT SERVICE, 31 WEST 39th Street, New York Cityj, o>ndshould be received prior lathe ISth day 
of the month. a 

OPPORTUNITIES,—A Bulletin of engineering positions available is published weekly and is available to 


tnviiea to cooperate with the Societies %n the financing of the work by contributions made within thirty days after 
placement, on the basis of one and one-half per of the first yearns salary: temporary positions (of one month or less) 

lArcj p^ cent of total sala^ received. The income contributed by the members, together with the finances appropriated 
by ^hej^ soa^ies named above mU it is hoped, be sufficient not only to maintain, but to increase and extend the service, 
REPLIES TO ANNOUNCEMENTS,—Replies to announcements published herein or in the Bulletin, should 
be addressed to the key number indicated in each caee, with a two cent stamp attached for reforwarding, and forwarded 
^77 j ^^Vloyi^ent Service as above. Replies received by the bureau after the positions to which they refer have been 
filled will not be forwarded. 


POSITIONS OPEN 

(jOMMEROIAL ENGINEER, with sufficient 
experience to plan and make complete proposals 
in the field for outdoor switching equipment and 
complete outdoor substations. Opportunity for 
engineer with proper experience. Apply by letter. 
Location, Pennsylvania. X-8203-C, 

ENGINEER, 25-36, familiar with desi^ of 
medium a-c. or d-c. motors. Apply by letter, 
stating age. training, experience and approxi¬ 
mate*^ary expected. Location, Pennsylvania. 
X-820«*O. 

ELECTRICAL ENGINEER, graduate, for 
motor and generator design work. Prefer man 
with test experience. Apply by letter. Location, 
Middle west. X-8291-0. 

RECENT ELECTRICAL ENGINEERING 
GRADUATES, for work on communication ap¬ 
paratus testing equipment. Direct responsibility 
is assumed for the maintenance of this eqiiipment. 
Opportunity is afforded for the practical applica¬ 
tion of a^c. and d-c. theory on complex circuits of 
^ most recent and highly developed electrical test- 
..tng apparatus. Apply by letter. Location, 
Middle west. X-8237-R-398-C-S. 

AGENTS REPRESENTATIVES 

ELECTRICAL ENGINEER, sales and con¬ 
struction, 38, technical graduate. Seventeen 
years* experience, desirous of representing manu¬ 
facturers who have no representative in Texas. 
Can give attention from sales through installation 
and maintenance. Specializes on complicated 
automatic apparatus, all or part time; has office 
and well acquainxed with the trade. C-6887. 

AGENCIES WANTED by manufacturer’s 
representative maintaining office in New York 
City. Complete coverage of industrial plants in 
Metropolitan New York and adjacent territory 
assured. Electrical and mechanical lines pre¬ 
ferred. B-6603. 

MEN AVAILABLE 

GRADUATE ELECTRICAL ENGINEER, 
desires position in. office of consulting or contract¬ 
ing electrical engineer. Desirous of ipam in g 
business with an opportunity of becoming a per¬ 
manent part of firm. * Has had four years’ 
experience with public utilities, contracting electri¬ 
cal engineers and an oil corporation. Location, 
preferred, Npw York City or New Jersey. 0-444. 

TECHNICAL GRADUATE in electrical 
engineering, 30, single, desires position where 
there is a future for an ambitious man. Six years’ 
test floor and service engineering experience with 
Westihghouse. Best of references. B-8985. 


YOUNG MAN, 32, man-led, wishes to become 
associated with growing steel company or con¬ 
sulting firm. Practical experience in by-product 
coke works, blast-furnace and open hearth de¬ 
partments. Thoroughly familiar with foundry, 
machine shop, drafting practise. Educated in 
general engineering at leading technical school. 
Three years' general factory training, one year as 
plant engineer. Available upon one month's 
notice. 0-6878. 

ELECTRICAL ENGINEER, 24, single, six 
months’ general testing; two and a half years’ 
design of rural and city distribution. Desires 
connection in a distribution department with a 
future. Available on reasonable notice. Loca¬ 
tion, preferred. East. C-6454. 

DISTRIBUTION ENGINEER, 31, married, 
graduate E. E. El^t years’ experience in dis¬ 
tribution construction and engineering. Now 
employed as division distribution engineer of 
large utility. Desires permanent position with 
largo responsibilities and future. B-8214. 

ELECTRICAL ENGINEER, single, 41. Ex¬ 
perienced in public utility work, buying, selling, 
investigating and managing. Has had charge of 
important construction and engineering projects 
in this country and abroad, including hydro- 
eledric power plants, transmission lines, sub¬ 
stations, railway electrification, etc. Has made 
reports on projects. Speaks Spanish. C-5846. 

DOCTOR IN ELECTRICAL ENGINEER¬ 
ING. Graduate of foreign university, American 
born but speaking little English, although under 
standing it, seeks connection with engineering 
firm or consulting engineer as draftsman com¬ 
puter, 0-5830. 

ELECTRICAL ENGINEER, 81, ten years’ 
experience; two years complete wiring plans, 
specifications, engineering coirespondence, for 
light, power, signals on theaters, hotels, office 
buildings, loft buildings, dubs, etc.; one year xfith 
electrical contractor on large buildings; desires 
permanent connection anywhere as 
engiaeer with architect or estimating engineer 
with contractor. B-4217. 

GRADUATE, 22, single, who has obtained a 
B. Q. in Electrical Engineering, desires a position 
with a company doing engineering work, prefer¬ 
ably elecMcal. Beady to do anything to get 
ahead. Location, New England or New York, 
0-5872. ^ a 

ELBOTBIOAL ENGINEER, 80, married. 1922 
graduate B. E., Cornell University. Seven years’ 
experience in electrical layout, construction, 
maintenance and supervision in nationally knowii 
industrial concei^. D^es position with in- 


I dustrial concern, consulting engineer or con¬ 
struction company. 0-5929. 

PROFESSOR OP ELECTRICAL ENGI¬ 
NEERING, Head of Department in a state 
institution would like a change In schools if 
opportunity and larger income are available. 
Excellent technical training as well as practical 
experience. EspeciaUy successful in department 
organization and development. Writer of tech¬ 
nical articles and member of honox-ary and pro¬ 
fessional societies and state engineering board and 
committees. B-3253. 

ELECTRICAL ENGINE^ AND DE- 
^GNER, 38. Ten years’ experience in develop¬ 
ment of a-c. motors, generators and transformers 
with leading manufacturers. Capable df handling 
both the electricd]^ and mechanical d()slgn of new 
lines of a-c. machinery and having also valuable 
selling experience. Available immediately. B-8592. 

ELECTRICAL ENGINEER, B. S.. 28, de¬ 
sires connection with concern doing business in 
Spain or South America. Three years’ practical 
experience In power plants, testing, transmission 
and distribution with two largo public utility 
companies. Speaks Spanish and French fluently; 
knowledge of Portuguese. Available to travel on 
short notice. 0-5935. 

ELECTRICAL ENGINEER, 32, married. 
Eight years’ espperience witli public utiUtik 
covering construction, design, estimating and 
general engineering work on power houses and 
substations. East. or Mlddlewest preferred. 
0-6925. « * 

ASSISTANT PROFESSOR OP ELECTRI¬ 
CAL ENGINEERING, 39, married. B. S. and 
E. E. degrees. General Electric Test and nine 
years’ experience in state universities, desires 
position as head of department or professor of 
electrical engineering In a first-class university 
or engineering school. West preferred. C-4403. 

ELECTRICAL ENGINEER, 36, single, B. S. 
in E. B.; seven years’ public tftfiity experience in 
laboratory and field testing of power and industrial 
equipment, protective relays and meters. Con¬ 
siderable oscillographic experience. Desires po¬ 
sition with engineering or industrial firm. No 
preference, as to location. C-6718. 

ELECTRICAL ENGINEER, technically 
trained, mature judgment, pleasing personality. 
Eleven years’ experience with large industrial 
plants such as steel and paper mills, construction, 
maintenance, repairs, including I’edesigning, re¬ 
winding of armatures, stators, transformers; 
design, construction of special automatic controls 
for specifle duty. Four years’ experience, large 
custom repair ^op. J^cellent references. De- 






sires position with Industrial concern or custom 
repair shop. 0-61) 16. 

ELECTRICAIj engineer, university grad¬ 
uate. 30. Wide knowledge of electrification in¬ 
cluding generation, substations, distribution, 
motor a])plicatlon, control, lighting, etc., as 
applied to mining, cement mills and other in¬ 
dustries. Ex])orienco covoL*i3 estimates, design 
and layout, construction and maintenance. 
Desires to correspond with large industrial concern 
ro(iuirlng the services of a man of abovo qualiflca- 
tlnns. 

ELECTRICAL ENGINEER, 26. B, S. in 
E. E. Exi)erionce in special Investigations, tests, 
calculations, designing of special equipment, 
** devising methods of tost, report writing, etc., 
witli public \itilit 9 . j^oslres engineering or 
t(?aching position with opportunity for advance¬ 
ment. Available on reasonablo notice. C-6957. 

GKADITATE ELECTRICAL ENGINEER, 
with degree of 13. E., with wide experience in 
testing, construction, operating, investigation, 
sales <uKl managing. Hus been in charge of hy¬ 
droelectric 8y.stoniH aggregating 260,000 kv-a., 
<iperating on iieads of 1700 ft. and transmitting 
at 110,000 volts. Capable of managing a property 
or group of properties and putting them on a 
paying basis. Now oinpioyed. Location, ini- 
inatorlal, C-4222, 

CONNECTION LEADING TO MANA¬ 
GERIAL OR EXECUTIVE POHITION, desired 
by employed electrical engineer with succossfui 
record in organizing and developing nationally 
known engineering service. Other experience 
Ineludus direction malntonaiico for large ])nhlic 


utility and eight years erection and service shop 
direction for one of larger electrical manufacturers. 
Married. Salary *8000 a year. B-122. 

ELECTRICAL ENGINEER. One year engi¬ 
neering course, four years’ apprenticeship with 
large manufacturer of electrical equipment, one 
year test, 8rectlon of switchgear, three years* 
course for E. E. degree. Since graduation, two 
years construction, then electrical designer for 
utility company. Five years supervision of 
electrical design, tests, construction for coal 
company. Familiar with automatic controls. 
West preferred. C-6958. 

SALES ENGINEER, 42, technical education, 
twelve years’ experience in sales engineering, sales 
manage^ient. Lines handled have been electrical 
apparatus and electric power equipment. 
MaiTled, good health and habits, intensive worker. 
Desires position, preferably in East, as sales 
manager of electrical manufacturing house. 
Would consider attractive proposition to repre¬ 
sent in sales capacity. 0-5966. 

ELECTRICAL ENGINEER, 34. single, 1917 
graduate. General Electric Test Und Central 
Station Engineering Department experience. 
At present in charge of a group handling system 
relaying and apparatus specillcadons for large 
public utility company. Prefer East or South¬ 
east. Available on ono month’s notice. 0-2591. 

INSTRUCTOR IN ELECTRICAL ENGI- 
NEERING, 30, married, collogo graduate; also 
graduate of U. S. Navy Electrical School and TJ. S. 
Navy Radio School. Ten years’ experience 
toaciiing electrical engineering and radio. Suc¬ 
cossfui toachor and organizer. Member of honor¬ 


ary and professional societies. Desires position 
as assistant professor in electrical engineering or 
would consider research work In engineering ex¬ 
periment station. C-6885. 

ELECTRICAL ENGINEERING GRAD¬ 
UATE, single, 23. Desires position connected 
with the design, construction or maintenance of 
transmission system^. Future prospects con¬ 
sidered more important than initial salary. Best 
references. Available ' on one month’s notice. 
Location preferred, South or Middle west. 0-5967. 

ELECTRICAL ENGINEER, 38, married. 
A. B. degree, DePauw University, M. E. and 
E. E. degrees, Cornell University. Eight years* 
public utility experience; also power and meter 
experience. General Manager of telephone com¬ 
pany for four years. Salary, $300 a month. 
Middle west preferred. 0-6979. 

ELECTRICAL ENGINEER, M. S. and E. B., 
married. Twelve years’ experience, including 
teaching, university and Industrial research, 
operating depai*tment of large utility. Desires 
position as research and development engineer 
with an industrial or engineer on Intei'connectlon 
problems with a utility. Location, Immaterial. 
Available, two weeks. B-7223. 

ELECTRICAL ENGINEER, 29, married. 
Graduate B, S. in E. E., now employed by oiJe 
of the largest manufacturing companies. Seven 
years’ experience including student course and 
Central Station Sales at factory and district 
office. Desires sales or purchasing electrical 
equipment with progressive organization. Loca¬ 
tion preferred. New York City or vicinity. 
C-3802. 
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AFFLICAT40NS FOR TRANSFER , 
Tho Boaril of JOxanii?uu*K, at its mooting of May 

15, 1929* r^icomiiHJiidod tho following mombors for 

(ransfor to tint grades oS momborship indicatod. 

Any objoctinii to thosiH transfors should bo Hlod 

at nnco with tho Ni'itloiiul Socrotary. 

To Oracle ol Fellow 

BYNG, EDWARD H,. Managing Director, 
Standard Toloi)ht>n(^s and Oablos, Ltd., 
tjoiidon, England. , 

OUUUIE, HARRY A., E1(«!tri<?al Enginoor, Now 
York Gontral Railroad Oo., Now York, N. Y. 

NESBiT, WILLIAM, NortlwMiNtorn Engg, Mgr., 
AVostlnghonso Eloc. & Mfg. Co., Now York. 

VANDERHLUIS. WARREN M., EJoctrical 
Enginoor. illlnoIs‘*Oontral Railroad, OhUjugo, 
111 . 

To Grade of Member 

HOECK, GHRIS'JIAN F., Conimurilcailon Engl- 
iiocr, Boll Tolophoiio Labs., Now' York. 

BULLEK. FRANCIS H.. Eloctrical Enginoor, 
Oenonil Eloctrk^ Go., Sclamoctady, N. Y. 

CHARLTON. JOHN K.. Division Plant Engi-., 
American Ttd. & Tcl. Co., St. Louis, Mo. 

CUP:)AHKY. JOHN W.. District Plant Supt., 
Amorkuin Tol, & Tol. Co., Dallas, Toxjis. 

CUJXtDTH, EDWARD B.. Supt., Light and 
PowcM', Carolina Division, Va. Elec. & Pr. 
Co., Uoanoko Uaplds, N. C. 

DOFFIN, CHARLES G., Foreign Wire Relations 
Kngr., Pnclficj Tol. & Tol. Co., Soattlo, Wash. 

EDDY, WILTON N., Director of Eloc. Research 
Ijal),, Simplex Wii'O & Cable Co„ Boston, 
Mass. 

FXHHJ5R. WILLIAM B., Eloctrical Supt., Htono 
& Webster Engg. Oorp., Boston, Mass. 

KLATH, EAUr. H.. Doan of Engg.. Soutliom 
Methodist University, Dallas, Texas. 

GIBBONS. EDWARD J., Operating Engineer, 
Halcomb Steel Co.. Syracuse, N. Y. 

GRZYBOWSKl, JOHN M.. Research Elec. 
Engr., ■Wcst.lnglious(5 Bloc. & Mfg., E. 
Pittsburgh. Pa. « 


GUSTAFSON, CLIFFORD W.. Chief Engr., 
Mutual Fire Prevention Bureau, Chicago, HI. 

HARZ A, CARL W., Asst. Supt., Meter Installa¬ 
tion and Inspection, Tho Detroit Edison Co., 
Detroit. Michigan. 

HENDERSON. EBERT W.. Design Engi-,, 
Reliance Eloc. & Engg. Corp., Cleveland, 
Ohio. 

HUTCHINS, CHARLES 0., Elec. Engr., Elliott 
Co., Rldgway, Pa. 

JONES, WARREN O., Telephone Engr., Bell 
Tol. Labs., Now York. 

KUTNER, SIDNEY D., Asst. Engr., N. Y. 
Central R. R. Co., New York. 

LYMAN, OLIVER B.. Vico-Presldent, UtiUtles 
Eqhipmont Corp., San Francisco, Calif. 

MARVIN. RICHARD H.. Research Fellow In 
Eloc. Engg., Johns Hopkins University, 
Baltimoro, Md. 

MAXSON, R. H., Electrical Engr., Burdick 
Corp., Milton, WIs. 

MELVILLE, SAMUEL P., Designing Elec. 
Engr., Stone & Wobstor Engg. Oorp., Boston, 
Moss. 

MENDENHALL, IVAN S.. Engineer, Detroit 
Edison Co., Detroit, Mlcliigan. 

MOWRY, HARRY W., Installation Develop¬ 
ment Engr,, Western Electric Co., Inc., 
* Now York. N.y. 

BEED, LINWOOD B., Junior Elec. Engr., 
Potomac Electric Power Co.. Washington, 
D. O. 

RICHARDS, LEE M., Elec. Engr.. Emerson 
Eloc. Co., St. liouis. Mo. 

RICHTER, HENRY, General Engr., Westing- 
house Elec. & Mfg. Co., E. Pittsburgh, Pa. 

.SAWYER, LEON G., Eloctrical Engineer. 60 
Church St., New York. 

SCBOFIBLD, ALB:I^T, Sales Engineer, Fer¬ 
ranti Elec. Ltd., Toronto, Ont., Canada. 

SEABURG, HABOLl?, Chief Elec. Engr., United 
Fruit Co., Banes, Oriente, Cuba. 

SHIPBK, ADOLPH, Design Engr., Puget Sound 
Pr, & Lt. Co., Seattle,^Wasliw 


SMITH, PAUL O., Instructor of Elec. Engg.. 

University of Akron, Akron, Ohio. 

SMITH, REGINALD S., General Foreman, 
N. Y. Edison Co., New York. 

SNYDER, CHARLES O.. Engr., Dept, of Water 
& Power, Los Angeles, Calif. 

VAN HOUTEN, LESLIE P., Technical Em¬ 
ployee, American Tol. & Tel. Oo., New York, 
WUNSOH, FELIX, Technical Advisor, Leeds & 
Northrup Co., Philadelphia, Pa. 

YOUTZ, J. P., Lighting Service Bm-eau, Rio de 
Janiero, Brazil, S. A. « 

APPLICATIONS FOR ELECTION 

Applications have been received by the Sec¬ 
retary from the following candidates for election 
to membership in tho Institute. Unless otherwise 
Indicated, the applicant has applied for admis¬ 
sion as an Associate. If the applicant has applied 
for direct admission to a higher grade than Asso¬ 
ciate, the grade follows inunediately after the 
name. Any member objecting to ,the election 
of any of these candidates should ^ inform the 
Secretary before June 80, 1929. 

Andriessen, A., Union Gas & Electric Co., 
Oinclnnatl, Ohio 

Banes, 0. R., (Member), E. L. Phillips & Oo., 
New York, N.Y. 

Barkey, I. H., General Talking Pictures, New 
York.N. Y. 

Beaman, W. M., Texas Oreosotlng Oo., Dallas, 
Tex. 

Igishop, G. B., Southern California Edison Oo., 
Los Angeles, Calif. 

Bonelll, J., F. A. D. Andrea Oo.. Long Island 
City, N. Y. 

Brewer, R., Jr., Emerson Electric Oo., St, Louis, 
Mo. 

Brosnan, T. J.? Westinghouse Elec. & Mfg. Oo.» 
East Pittsburgh, Pa. 

Burris, O. A., Yonkers Electric Light & Power 
Oo., Yonkers, N. Y. 

Caldwell, S, E., Portland Electric Power Oo., 
Portland, Ore. 
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Obassinat, M., 142 West 78th St., New York, McCarter, H. A., Standard Oil Co of California 
N. Y. Whittier, Calif. 

Chen, T. H., Westinghouse Blec. & Mfg. Co., McClure, J.B.. General Electric Co, Schenectady 
Bast Pittsburgh, Pa. , N. Y. o^euw-wKiy, 

Cliffy W. R., Lajme & Bowler, Los Angeles, Mllbum, W. H., Bailey Meter Co., Cleveland, 
Oalif. Ohio 

Cooper, V. E., Union Gas & Electric Co., Cln- Millard, T. O., General Electric Co., Chicago, BL 
cinnaM,!^ , Mortimer, H. E.. Stone & Webster, Inc., Boston, 

Crabtree, K. G., University, of Maine, Orono, Me. Mam. 

Darcy. H.B., (Member). Electrical Eciulpment * Muncy. V. B., Ohio Mechanics Institute Cln- 
Construction Co., Houston, Tex. dimatl, Ohio 

Davidson, D. H.. Pacific Tel. & Tel. Go., Sacra- Neubauer, E. O., Illinois Bell Telephone Co, 
men to, Oalif. Chicago, Ill, 

DeKey^r, J, P., (Member), Acme-International Nichols. E. B., (Member). Victor Talking Ma- 
X-Ray Co., Chicago, Ill. chine Co., Camden, N. J. 

Dickinson, J ..Philadelphia Coke Co., Philadelphia, Noll. O. B.. Electric League of Erie, Erie, Va. 

rt 4 ii rs -rt ^ Northrop, M. G., Cornell University,’ Ithaca. 

Dillard, G. B., Commonwealth Edison Co., N. Y. ^ * 

(Chicago, Ill. Nuber.P.J.. American Electric Co.. Inc., Chicago, 

Dougherty, P. B., Indiana General Service Co., HI. * 

m Rifg » ^ XV. (Member), Dallas Power & Light Co., 

Dunkle, A. V., Sullivan Mining Co., Kellogg, Dallas, Tex. 


Zangler. R. M., Hastings Wire & Cable Co 
Hastings. N. Y. 

Total 101. 

Foreign 

Gulatl, P. G., Hydro Electric Branch, Kangra 
Punjab. India 

Kitagawa, K., Stunitomo Electric Wire A Cable 
Works, Ltd., Osaka, Japan 

Lu, T. Y.. Ho-Zan Bank, Main St., Changchow, 
Klangsu, China 

Page, A., (Fellow;, Central Electricity Board, 
liondon, Eng. '' 

Williams, C. S.. (Member), Cerro de Pasco 
Copper Corp., Oroya, Peru, So. America 

Total 6. 
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Idaho 

Edwards, J, B., New York Telephone Co., 
Brooklyn, N. Y. 

Elerick, A. G., Stone & Webster. Inc., Seattle. 
Wash. 

EKiott, J. O., Union Gas & Electric Go., Gln- 


Parker, O. B., Pacent Electric Co., New York. 
N. Y. 

Phillips, L. A., Pennsylvania Power & Light Co., 
Haasleton, Pa. 

Pierson, M. P.. Pierson Electric Shop. Knoxville. 

lU. 


. " CM. . El««. O... c*.. 

Pelctor.B.H..UnderwrltersA8soclatlon,Resdlng. RaU. A. A.. Kansas City Power & Light Co. 
rt Ts .rt Tw ^ a X. Kansas City, Mo. 

P^*®*®!***®"® 1“®-. New Rasmussen. P. J.. Oushman Lumber Co.. Cush- 
xoFK, JN, X. man. Ore. 

M^ (Member). General Electric Co.. Redding. J. A.. General Electric Co.. Schenectady. 

York*Sl^®®'‘“* Laboratories. Rlch^^, w. J. (Member), Palace Theatre, 

South Bend. Ind. 

' J - «as & Electric Co.. Cln- 

■cr x®^^* cinnati, Ohio 

Westinghonse Elec, ft Mfg. Co., 

Cincinnati Ohio Bn,, Pittsburgh, Pa. 

Mon4u“;’0to“*"'^ Electric Auto^Llte CO.. Toledo. 

Hou^, L M.. Ahrens Trade School, Louis- Rnricka. C. J.. Standard Oil Co. of California 
‘‘xx v Whittier, Calif. 

“^or^Nl’Y ■ lac., New Selt^^ S., Emerson Electric Mfg. Co.. St. Louis, 

.Jon« L.; University of Pltreburgh. Httsburgh. Seyl^V E. L. J.. OonsoUdated Gas. Electric 
vsxvx. T Tt/T n*- ra. ^ Light & PowoT Oo., Balthnore. Md 

M^ilJ2^’a“!^ T.. Ooaet Artillery Co^s. U. S. 

Spar^^^t W^^lf?J”oo.. New 

^ aiember). Oregon State OoUege. 

*^'^®’n‘y‘’ S*apak.'j!“L.?'weston Electrical Instrument 

Trade school. Middletown, Conn. 

Lakas. ru., ConreU University. Ithaca. N. Y. Oahfornla Edison Co.. 

^ Sierras Power CO.. 

^^7‘n y ‘ 8<*ene.> TUsrm. H. m’.. Department of PuhUc Worta. 

''^'^;r^on“N.^" commonwealth Edison 

Oo..,Wall^:A.M!w“knghonseElec.ftMlg.Co.. 

"'^'ISkSo. lii. =<^l®®a Oo.. Walto.*rw!-postal Telegraph ft Cable Co.. 

Loeffler, B. T., Indiana Bell Telephone Oo w ** ’ 

South Bend. Ind. *' Warner, B. S., Hudson Coal Co., Scranton, Pa. 

Lusk, R. R.,® Kansas City Power % Light Co., -A., Jr., Southwestern Bell Tel Co 

Kansas City, Mo. Oklahoma City, Okla. ’ 

Spencer Steel Corp, 

uroojayn, iN. y. Palmer, Mass. 

Matson, I. M,, Electrical Prod. Corp. of Utah. Wnni^w/ww-v, r-a Tt. » 

Salt Lake City, Utah ^ ^ Woodworth. 0. O., Public Sendee Go. of Colo., 

•Denver, Colo. ^ 


STUDENTS ENROLM5D IN MAY 
Abeles, I. Meyer, University of Pennsylvania 
Adams, Bennett R.. Jr., Georgia School of Tech. 
Adamson, Ralph T., University of Nevada 
Aeberli, WilHam A., University of Pittsburgh 
Alusic, Joseph, University of Wisconsin 
Andres, Robert R., University of Notre Dame 
Angst, Derrill C., University of Nevada 
Arehart, Oscar M., University of Louisville 
Atwood, Byron E., Kansas State Agricultural 
College 

Augustus, Lee M., University of Michigan 
Bellng, Geert D., Marquette University 
Belvin, Charles H,. Jr., North Carolina State 
College 

Berg, George E., Jr., University of Kansas 
BlUhartz, W. H., University of Pittsburgh 
Bliss. Warren H., Michigan State College 
Bodnar, Arthur A., University of Pittsburgh 
Bohne, Ray K., Unlveij^ity of Utah 
Boley, Harold O., Kansas State Agricultural 
College 

Bolze, Joseph N., Brooklyn Polytoclinlc Institute 
Bomemann, Fred B., Rensselaer Polytechnic Inst. 
Bottonarl, Samuel A., Carnegie Institute of Tech. 
Bratton, Edward W., University of Michigan 
Bredehoft, Elmer H., Kansas State Agricultural 
^ College ^ 

Brunk, Ralph E., Kansas State Agricultoal 
College * • 

Brusa, Armand D.? Rensselaer Polytechnic Inst. 
Bruse, Carl B.. Purdue University 
Bruun, Lorentz A., Oregon Institute of Tech. 
Burke, Bryon R., University of Colorado 
Buttram. Henry J., Georgia School of Technology 
Castiglla, Frank H., New York University 
Chapman, James F., University of Nebraska 
CTark, George G.. The Municipal University of 
Akron 

Clark, Paul L., Montana State College 
Clarkson, William G., University of Toronto 
Clayton, John T., Ohio Northern University 
Conley, J. Joseph,^University of Notre Dome * 

Conroy, Edward G., University of Notre Dame 
Conway, Ralph W., University of Cincinnati 
Cook, Harry E., University of Nebraska 
Cook, Lewis, C., Michigan Stat^Collegd* 

Com, Lawrence H., University of Pennsylvania 
Creighton. Robert R., University of Pennsylvania 
Crews, Ray F., Oregon Institute of Technology 
Darling, Horace, Brown University 
De Joumett, Homer V., West Virginia University 
Denman, Walter R., Kansas State Agricultural 
College 

Deschner. Fabian S., South Dakota State OoUege 
DetwUer, Frank T.. Brooklyn ]^lytechnlc Inst. 
DUfenderfer, Samuel F., Rensselaer Polytechnic ~ 
Institute 

Dodson, Whitney E., Ohio Northern University 
Dolan, John M., University of Notre Dame 
Drury, OtoU MacB., University of Southern 
California 

Dysart, Ronald B., University of Nebrajdca 
Edwards, William H., University of Toronto 
Blfman, Bernard L., Pennsylvania State OoUege 
Bmurian, Albert D., University of Pennsylvania 
Fay. Joseph, University of Notre Dame 
Fife. Wrniam H.. University of Cincinnati 
Fisher, Lawrence T., Oregon State OoUege 
Fitzsimmons, Albert W., University of Oinchmatl 
Flory, Leslie E., University of Trnnai ui y 
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!E'ra496r, WllUaiii S.* TJniversity of British Columbia 
Freeman, Bobert Ij.» Stanford tJnivOTsity 
Garrett, William A., University of Denver 
Gaskell, Joe. Engineering School of Milwaukee 
Gersteln, Leo H., University of Nebraska 
Gilchrist, Fred W., Ohio State University 
Gilroy, John W., University of Southern Calif. 
Googins, Dauforth. M., Univ. of Now Hampshire 
Graliam, Henry U., University of Pennsylvania 
Griffin, Lowell L., Engg.'School of Milwaukee 
GueflProy. Bussell S., Oregon Institute of Tech. 
Gurley, Glenwood H., University of Kansas ^ 
Gustanoff, Abe U., University of Washington 
Hammond, Merle W., Unlvoiflty of Kansas 
Harmony, Harold A., University of Washington 
t Hartshorn, Bolfe, I.f Ohio Northern University 
Hasley, Andrew Unl^rorslty of Michigan 
Hauser, Herman T.t University of California 
Helgesson, Leonard, Oregon State College 
Henderson, Valtln L., University of Toronto 
Hensley, Marvin S.. University of ICansas 
Holmes, John R.. McGill University 
Hoyt, Philip F., University of Nebraska^ 

Hughes, Cyril A„ University of Notre Dame 
Hunt, Spencer, University of Southern California 
Iglehart. Ferdinand C., University of Penn¬ 
sylvania 

Jacobson, Leo, Brown University 
Jautz, Gilbert J., University of Wisconsin 
Jensen, Walter H.. University of Nevada 
Jochem, Theodore B., Marciuotte University 
Johansen, Harold O., Purdue Univeislty 
Jones, Bernard A.. University of Pittsburgh 
Jones, Daniel B., North Carolina State College 
Jones, Harold W.. Clarkson OolU^ge of Technology 
Karr, J. Harold, KaiiHus >Stato Agricultural College 
Kawaguchi, Tadaslii, Htantord University 
Kelly, Blchard B., Oarnegio Institute of Tech. 
Kirkwood, Loron It., Kansas State Agricultural 
College 

Kiing, John J., Michigan State College 
Kohler, Ernest Jr.. Maasaclnisctts Inst, of Tech, 
Lampson, Curtis W., South Dakota Htato College 
Lantry, Tom, UnfvcrHlty of N(»tre Dame • 


Lewis, Bodney C., University of Southern Calif. 
Lockner. Sidney P., University of Pittsburgh 
Lunn, Edward O., University of British Coltimbla 
Lydick, Lawrence N.. Kansas State Agricultural 
College 

Magers, Oliver N., Kansas University 
Markle, Bruce H., Kansas State Agricultural 
College 

Martinofl, Vc6volod M., University of Toronto 
Martz, Merrill J., University of Colorado 
Millen, William I., Jr., Marquette University 
Miller, Henry D., University of Nebraska 
Mitcham, John D., Texas A. & M. College 
Nartker, Leo J., University of Cincinnati 
Nelson, Albert H., University of Southern Calif. 
Nelsoi^ Charles H., University of Pennsylvania 
Nickerson. Allan P., Brown University 
Nonken, Gordon O., Kansas State Agricultural 
College 

Orth, Blchard T., Purdue University 
Pankow, Edmund G., Ohio Northern University 
Parker, Nelson H., Jr., Ooergla School of Tech. 
Parker, William H., Jr., Mass. Inst, of Tech. 
Paulson, William D., University of Colorado 
Perry, Herbert J., TJniversity of Notre Dame 
Peters, Leo B., Ohio State University 
Peterson, Beuben, Iowa State College 
Phillips, Albert P., Carnegie Institute of Tech. 
Pickett, George E., Noi'th Carolina State College 
Pinkerton, Frank, Georgia School of Technology 
Podlaski, Charles G., University of Notre Dame 
Powell, Wayne M., University of Kansas 
Powers, William F., Brooklyn Polytechnic Inst. 
Pryor, Philip L., Iowa State College 
Bcod, Fred J., University of Pittsburgh 
Boland, Stanley W., Micliigan State College 
Both, William P,, University of Pennsylvania 
Bowo, Edward L., Jr., University of Vermont 
Bussell, Stephen S., University of Cincinnati 
Salloml, John B., University of Illinois 
Schmid, J. Leonhard, University of Pennsylvania 
Schmidt, Elmer C., University of Illinois 
Schumacher, Lawrence B., South Dakota State 
College 


Sento, Tadashl, Tokyo Imperial University 
Sewell, Seymour W., Lewis Institute 
Sheehy, Joseph J., Marquette University 
Shen, Pa<^Guay, Harvard University 
Shoemaker, Malcolm G., University of Nebraska 
Simon, Andrew. Jr., Purdue University 
Smith, Harold A., Brown University 
Smith, Harold W., University of New Hampshire 
Smith, Newbem, .University of Pennsylvania 
Smith, W. Morden, ivlichigan State College 
Spies, John P., Washington University 
Sproul, Bohert B., Brown University 
Steele. Arlo L., Kansas State Agricultural College 
Stiles, Merrill B., South Dakota State College 
Strasbomger, Julius 0„ University of Olndonatl 
Stuttle, Alfred P., University of Illinois 
Swyter, Carl, South Dakota State College 
Tanner, Baymond B., Brown University 
Taylor, Clyde O., University of Cincinnati 
Tebo, Gordon B., University of Toronto ^ 

Tohe, Samuel S., Brown University 
Townsend, Paul H., Northeastern University 
Tsao, Tsen-Cha, Harvard U^ivei’sity 
Tynan, Andrew G„ University of Pennsylvania 
Vanderlippe, Bichard A., University of Nebraska 
Varga, George E., University of Pittsburgh 
Viola, Albert G., University of Illinois 
Verd, Paul H., University of Washington ♦ ^ 

Walsh, J. A., University of Nevada 
Weber, Joe, University of Cincinnati 
Weddington, William W., Georgia School of Tech, 
Werner, Lawrence H., Jr., University of Detroit 
Westendarp, Franz G., University of Pennsylvania 
Wherry, W. J., University of Pittsburgh 
Whitney, Herbert W., Texas A. & M. College 
Wiegroffe, John L., University of Illinois 
Wilson, Lee H., Bucknell University 
Wood, Wallace J., Pennsylvania State CoUege 
Woodland. Harold E., University of British 
Columbia 

Ziochovskl, Edward F., Bhode Island ^ State 
College 

Total 183. 


(Term expires 
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Officers of the A. I. E. E., 1928-1929 

PSESISBHT 

(Term expires July 31,1020) 

R. P. SCHUCHARDT 
JUNIOR PAST PRESIDENTS 
31, 1020) (Term toires July 31, 1030) 

BY BANCROFT GHERARD] 

VICE-PRESIDENTS 

(Terms expire July 31, 1020) (Terms expire July 31, 1030) 

0. J. FERGUSON (District No. 0) E. B. MBRRIAM (District No. 1) 
E. R, NORTHMORE (District No. 8) H. A. KIDDER (District No. 3) 
J.X. BEAVER (District No. 2) W. T. RYAN (District No. 6) 

A. B. COOPER (District No. 10) * B. D. HULL (District No. 7) 

C. O. BICKELHAUPT(Di8trict No. 4) G. B. QUINAN (DistrictiNo.^O) 

DIRECTORS 

(Terms expire July 31,1931) 

P. C. HANKER 
E. B. MEYER 
H. P. LIVERSIDGE 

H. C. DON CARLOS 
P. J. CHESTERMAN 
NATIONAL TREASURER 

GEORGE A. HAMIL'^On”’ HUTCHINSON 


B. C. STONE 

CHARLES E. STEPHENS 


(Terms e:mire July 31, 1032) 
J. ALLEN JOHNSON 
A. M. MacCUTCHEON 
A. B. BETTIS 
NATIONAL SECRETARY 


HONORARY SBCIB^TASlY 
RALPH W. POPE 


GENERAL COUNSEL 
PARKER & AARON 
30 Broad Street, New York 


*Norvin Grben« 1884-5-6. 
♦Franklin L. Poj»b, 1880-7. 

♦T. C0Mft«RF0RD Martin, 1887-8. 
Edward Westok, 18^-9. 

Elihu Thomson, 1889-90. 

♦William A. Anthony, 1890-91. 
♦Alexander Graham Bell, 1891-2. 
Pfank Julian Sdraguk, 1892-3. 
♦Edwin J. Houston, 1893-4-5. 
♦Lows Duncan, 1895-6-7. 

♦P^NCTS Bacon Crocker, 1807-8. 
A. E. Kbnnblly, 1898-1900. 

♦Carl Hbrinc, 1900-1. 

♦Charles P, Stbinmbtz, 1901-2. 


PAST PRESIDENTS—1884-1928 


Louis A. Ferguson, 1908-9. 
Lewis B. Stillwell, 1909-10. 
Dugald C. Jackson, 1910-11. 
Gano Dunn, 1911-12. 

Ralph D. Mershon, 1912-13. 
C. 0. Mailloux, 1913-14. 

Paul M. Lincoln, ^14-15. 
John J. Carty, 1916-16. 

H. W. Buck, 1916-17, 

B. W. Rice, Jr., 1917-18. 
Comfort A. Adams, 1918-19. 
Calvert Townlby, 1919-20. 

A. W. Berre^ORD, 1920-21. 
William McClellan, 1921-22. 


Charles P. Scott, 1902-3. Frank B. Jewett, 1922-23. 

Bion j. Arnold, 1903-4, Harris J. Ryan, 1923-4. 

John W. Lies, 1904-5. Parley Osgood, 1924-26. 

♦Schuyler Skaats Wheeler, 1905-6. M. I. Pupin, 1925-26. 

♦Samuel Sheldon, 1906-7. C. C. Chesnby, 1926-27. 

♦Henry G. Stott, 1907-8. Bancroft Ghbrardi, 1927-28. 

♦Deceased. 

LOCAL HONOIURY SECRETARIES 
T. J. Fleming, Calle B. Mitre 619, Buenos Aires, Argentina, S. A. 

H. W. Plashman, Aus. Westinghouse Elec. Co. Ltd., Cathcart House, 

11 Castlere^h St., Sydney, N. S. W., Australia. 

Frederick M. Servos, Rio de Janeiro Tramways Lt. & Pr. Co., 

Rio de Janeiro, Brazil. S. A. 

Charles le Maistre, 28 Victoria St., London, S. W. 1, England. 

A. S. Garfield, 46 Bd. Beausejour, Paris 16 E., France. 

P. W. Willis, Tata Power Companies, Bombay House. Bombay, India. 

Guido Semenza, 39 Via Monte Napoleone, Milan, Italy. 

P. H. Powell, Canterbury (JoUege, Christchurch, New Zealand. 

Axel F. Enstrom, 24a Grefturegaton, Stockholm^Sweden. 

W. Elsdon-Dew, P. O. Box 4663, Johannesburg, Transvaal, Africa. 

A. I. £• E* Committees 
GENERAL STANDING COMMITTEES 
EXECUTIVE COMMITTEE 

R. F. Schuchardt, Chairman, 72 West Adams St., Chicago, HI. 

C. C. Chesney, G. A. Hamilton, E. B. Meyer, 

Bancroft Gherardi, H. A. Kidder, I. E. Moultrop. 

FINANCE COMMITTEE 

B. B. Meyer, Chairman, 80 Park Place, Newark. N. J. 

H. A. IGddor, C. E. Stephens. 

MEETINGS AND PAPERS COMMITTEE 
H. P. Charlesworth, Chairman, 463 West St., New York, N. Y. 

E. H. Hubert, Secretary, 33 W. 39th St., New York. 

A. E. Knowlton, B. Meyer, H. S. Osborne, 

A. M. MacCutcheon, L. W. W. Morrow, C. E. Skinner, 

J. E. Macdonald. T. A. Worcester. 

Chairmem of Committee on Coordination of Institute Activities, ex-officio. 
Chairmen of Technical Committees, ex-officio, 

PUBLICATION COMMITTEB 

W. S. Gotauch, Chairman, 600 West 60th Street, New York, N. Y. 

H. P. CMrlesworth, P. L. Hutchinson, E. B» Meyef. 

Donald McNicoL 

COMMITTEB ON COORDINATION OF INSTITUTE ACTIVITIBS 
H. A. Kidder. Chairman. 600 West 60th St., New Yor^ ^ Y. ... 

C. O. Bickelbaupt, W. S. Goiwch, W. B. KouWeaihoven, 

• H. P. Charlesworth, P. L. Hutchinson, E. B. Meyer. 
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T' 


Joi|rnal A. I. E. ©•. 


BOARD OF EXAMINERS 

1 * Chairman. Southern New England Tel. Co„ New Haven. Conn. 

S* L^Chestcrman, Erich Hausraann, L. W. W. Morrow, 

H. W. Dinke,, A. H. Kehoe. S. D. Sprong, 

e Goodwin, G. L. Knight, r George Sutherland, 

S. P. Grace. John B. Taylor. 

SECTIONS COMMITTEE 
Chairman, Johns Hopkina University, Baltimore. Md. 

J. D. BaU, J. L. Beaver, W, S. Rodman. 

. G. E. Quinan, 

Chairmen of Sections, ex^officip. ^ 

COMMITTEE ON STUDENT BRANCHES 
J. L. Be^er, Chairman, Lehigh University, Bethlehem, Pa. 

Edward Bennett. A. B. Gates, W. E. Wickenden. 

Charles P. Scott. 

Student Branch Counselors, ex^ojlicio, 

T « . MEBdBERSHIP COMMITTEE 

J. E. Kearns, Chairman, General Electric Co., 230 South Clark St.. Chicago, III. 
Vice-Chairmen 

G. O. BroTO, John B. Pisken. 

G. M. Keenan, 


Herbert B. Dwight. 


S. H. Mortensen, 
Joseph Showaiter, 
G. J. Yundt. 




Ex-officio 

Chairmen of Section Membership Committees. 

HEADQUARTERS COMMITTEE 
R. H. TapsTOtt, Chairman. 124 Bast 16th Street, New York, N. Y. ** 

F. L. Hutchinson, B. B. Meyer. 

LAW COMMITTEE 

p; 0* Chairman, Southern Bell Tel. & Tel. Co., Atlanta. Ga. 

M.-M. Fowler, Paul M, Lincoln, E. C. Stonfe. 

A. G. Pierce, 

PUBLIC POLICY COMMITTEE 
D. C. Jackson, Chairman, 31 St. James Ave., Boston, Mass. 

H- Cano Dunn, John W. Lieb, 

C. C. Chesney, P. B. Jewett, Harris J. Ryan. 

STANDARDS COMMITTEE 

S* Newbury, Chairman, Westinghouso Elec. & Mfg. Co., East Pittsburgh, Pa. 
H. E. Farrer, Secretary, 83 W. 39th St., New York. i^a. 

S' n A. M. MacCutcheon. V. M. Montsinger. 

S' J.P. Meyer. C, E. Skinner, 

H, A. Kidder, „ . W. I. Slichter. 

Ex-Officto 

Pmsident, U. S. National Committee of I. B. C. 

Chajnnen of Working Committed. 

Chairmen of delegations on ol^er standardizing bodies. 

EDISON MEDAL COMMITTEE 
Appointed by the President for term cf five years* 


N. A. Carle, 
George Gibbs, 
John W. Howell, 
^E. B. Craft, 
Charles P. Brush, 


(Terms eznire July 31, 1920) 

Charles L. Edgar, John W. Lieb. 

(Terms eimire July 31, 1930) 

Samuel Insull, Chairman, Ralph D. Mershon. 


B. Cherardt, 


(Terms enpire July 31. 1930) 

H. A. Kidder, E. B. Meniam. 


Ex-Officio 

R. P. Schuchardt. 


W. L. R. Emmet, 
P. M. Lincoln, 

H. H. Barnes, Jr., 


LAMME MEDAL COMMITTEE 
(Tms expire July 31. 1929) 

C. F. Kettering, Elmer A. Sperry. 

(Terms expire July 31, 1930) 

B. B. Meyer. L. W. W. Morrow. 

(T^ms e»ire July 81, 1931) 

Charles P, Scott, Chairman N. W. Storer. 


COMMITTEE ON CODE OP PRINCIPLES OP PROFESSIONAL CONDUCT 
?' w' Chairman. Worcester Polytechnic Institute, Worcester, Mass. 

A. H. Ba^ock, P. B. >wett. H. P. LivemSgr 

G. Pacmoh, John W. Lieb, J. B. WhitSeaS. 

COMMITTEE ON COLUMBIA UNIVERSITY SCHOLARSHIPS 
W. I. Slichto, Chairman, Columbia University, New York. N. Y. 

Francis Blossom, H. C. Cheater. 

COMMITTEE ON AWARD OF INSTITUTE PRIZES 

H, P. CharlMworth, Chairman, 403 West St.. New York, N, Y. 

W. S. Gorsuch, P. W. Peek, Jr. 

COMMITTEE ON SAFETY CODES 


A. E. Bettis, 
PhBander Betts, 

i s. Brobst, 

. L. Blden, 

J. C. Fors3fth,-‘ 


H. B. Geax, 

J. P. Jackson, 

H. W. Leitch, 

M. G. Lloyd, w.... 

*" ^ Maclftchlan, H. S. Warren. 


H. R. Sargent, 
W; H. Sawyer, 


. W. Leitch, 

Wills 

SPECIAL COMMITTEES 

LICENSING OF ENGINEERS 
Blossom, Chainnau, 62 William Street, New York. N. Y. 
H.W.Buck, ^oD.^, E.W.Rioe,Jr; 

L. £f. Imlay, 

.. ’ ^ 

t rr . ^ 


ADVISORY COMMITTEE TO THE MUSEUMS OI^ THE PEACEFUL ARTS 
J. P. Jacks(m, Chairman, 130 East 16th Street, New York, N. Y. 

R. H. Nexsen, George K* Thompson. 

TECHNICAL COMMITTEES 

AUTOMATIC STATIONS 

W. H. Millan, Chairman. 2616 Clifton Ave., St. Louis, Mo. 

P. H. H. C. Don Carlos, O. Naef, 

Cawar Antoniono, P. B. Hart, E. W. Seeger, 

n A* H^enthal, Roy M.Stanley, 

9; ^ Butcher, Chester Lichtenberg . L. J. Turley. 

M. S. Coover, S. J. Lisberger, P. Zogbaum. 

G. H. Middlemiss, 

p COMMUNICATION 
Chairman. Western Union Telegraph 
196 Broadway, New York, N. Y 

Pamsamm ts^ ts _.fA. 


G. R. Benjamin, 

H. P. Charlesworth, 

J. L. Clarke, 

R. N. Conwell, 

B. R. Cummings, 
Charles E. Davies, 
R. D. Evans, 


E. H« Everit, 

D. H. Gage. 

S. P. Grace, 

Erich Hausmann, 
P. J. Howe. 

H. L. Huber. 

B. D. Hull. 

G. A. Kositzky, 
P. H, Kroger. 
Ray H. Manson, 


Ck)., 

R. D. 

S. R. 
P. A. 

It 

John 
H. M 
P. A. 


Parker, 

Parker, 

Raymond, 

Robinson, 

Roosevelt, 

> Shepard, 
P. Skirrow, 
. Turner, 
Wolff. 


EDUCATION 

Edward Bennett. Chairman, University of Wisconsin, Madison, Wis. 

§* w Secretary, 33 West 39th St., New York, N. Y. 

T Gates. H. S. Osborne. 

y* B. Hartshome, A. G. Pierce, 

V ’ S* tJ ¥; C. S. Ruffner, 

V. Bush, C. E. Magnusson, W. S. Rugg, 

O. J. Ferguson, W. E. Mitchell, W. E. Wickenden. 

ELECTRICAL MACHINERY 

W. J. Poster, (Dhair^n, General Electric Co.. Schenectady, N. Y. 

P. * L Secretary, General Electric Co., Schenectady. N. Y. 


B* l" B. (}. Ja^Mon, OTIJ! Marti 

A* B i' Johnson, V. M. Montsinger, 

w A- Kehoe, P. D. Newbury? 

C g' W. Kincaid. J. M. Oliver^ 

W S* ?* Sr t. A. M. Rossman. 

9 h^acCutcheon, R. B. Williamson. 

S. L. Hendewon, L. Zabriskic 

ELECTRIC WELDING 

r‘ Chairman, ^tmghotwe E. & M. Co.. East Pittsburgh, Pa. 

C. A. ^ine,_ 0. H. J. C. Lincoln, 

H. M. Hobart, Ernest Lunn, 

C. J. Holslag, A. M. MacCutcheon, 

.. L. Ipsen. J. W. Owens. 

Wm. r 


P. P. Alexander, 

C. W. Bates, 

Ernest Bauer, 
Alexander Churchward, 


C. L. Ipsen,' 

Wm. Spraragen. 

ELECTROCHEMISTRY AND ELECTROMETALLURGY 
S.'JLlMsi?'!?™"** ®'#S‘ •?( Standards. Washington, a C. 


(Ter^ expire July 31, 1931) 

L. P. Morehouse, David B. Rushmore. 

(Terms expire July 31, 1932) 

Paul M. Lmcoln, C. E/ Skinner. 

(Terms expire July 81, 1933) 

D. C. Jackson, Elmer A. Sperry. 

Elected by the Board of Directors from its oton mmbership for term of two years* 

('Sre® Jwly SI* 1®29) 

tL P. Liversidge, E. B. Meyer, I. E. Moultrop. 


Lawrence Addicks, 
^rthur N. Anderson, 
T. C. Atchison, 

Pa H. Brace 
Parley G. Clark, 
Safford K. Colb 


E. B. Dawson, 

P. A. J. Fitzgerald, 

P. C. Hanker, 

W. E* Holland, 

P. A. Lidbury, 

ELECTROPHYSICS 


G. G. Schluederberg, 
J. A. Seede, 


J. L. Woodbridge. 


y. Bush. 

John R. Carson, 
P. M. Clark, 

W. D. Coolidge, 


K. B. McBachron, 

0. J. Ferguson, 

C. L. Portescue, 

A. Hund, 

W. B. Kouwenhoven, 


.MilUkan, 

R. H. Park, 

L. J. Peters, 
Sle^an, 


. E. Terman. 


• He Braymer, 

C. W. Drake, 

Harry L. C^nt, 
Clyde D. Gmy, 

C. ^ncis Harding, 
£. W. Henderson, 
Qeo. H. Jones, 

P. C. Jones, 


GENERAL POWER APPLICATIONS 
f? Chairman, 1000 Chestnut Street, Phaadeiphis, Pa. 

u. H. ^ LanicT, H. W. r 

A. M. Lloyd, ~ - 

^ M. MacCutcheon, 

W. S. Maddocks, 

N. L. Mortensen, 

E. B. Newill, 

K. A. Pauly, 

D. M. Petty. 

INSTRUMENTS AND MEASUREMENTS 
iTRpton^wifChSSinf*^ Seheneotady. N. Y. 

Peny A. Borden, P. C. Holtz, 

M-Bra^haw, I. p. Kinnard, 

H. B. Brooks, ^ B. Knowlton, 

^ Kouwenhoven, 

Melville Bastham, E. B. Merriam. __ 

APPLICATIONS TO IRON AND STEEL PRODUCTION 
A• Chairman, ^^wal El^ric Co., 230 So. Clark St., Chicago, Ill. 
P B M,^«CutchBon. G. B. Stoltz. 

A C A' Wilfred Sykes. 

A. C. Cummins, A. G. Pierce, T. S. Towle. 

S. L. Henderson, p. 0. Schnure, J. D. Wright. 

PRODUCTION AND APPLICATION OP LIGHT 
W T Chainuto. Weginghouse Lamp Co.. Bloomfield, N. J, 

W. T. DemMey, A. S. McAllister, “ * 

Puss^, G. S. Merrill, 

P. S. Millar, 


— ... Price, 

H. L. Smith, 

A. H. Stebbins, 

E. C. Stone, . 
W. H.^TimlJie.'^ 

P. M. WeUer. 

M. R. Woodward, 
W. C. Yates. 


W. J. Mowbray, 
T. B. Penard, 

R. T.^Pierce, 

G. A. Sawin, 

R. W. Sorensen, 

H. M. Turner. 


Lewis « 

G. C. HaU, 

L. A. Hawkins, 




. Stickney. 
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APPLICATIONS TO MARINE WORK 


W. E. Thau, Chairman, Westinghouse E. & M. Co., 
150 Broadway. New York. N. Y. 

Edgar C. Alger. Wm. Hetherington, Jr.. 

R. A. Beekman. H. L. Hibbard. 

H. C. Coleman. A. Kennedy. Jr., 


E. M. Glasgow, 

H. F, Harvey. Jr.. 
C. J. Henschel, 


J. B. Lun^ord. 
E. B. Merriam, 
I. H. Osborne, 
G. A. Pierce, 


Wm. H. Reed. 
Edgar P. Slack. 
H. M. Southgate, 
Oscar A. Wilde, 

J. L* Wilson. 

R. L. With&. 


♦Parley Osgood, 

E. W. Rice. Jr., 
♦R. P. Schuchardt, 
Charles P. Scott, 
♦C. E. Skiimer, 
Calvert Townley. 


APPLICATIONS TO MINING WORK 
Carl Lee, Chairman, 1652 McCormick Bldg., Chicago, Ill. 

A. R. Anderson, G. M. Kennedy, F. C. 

F. N. Bosson. R. L. Kingsland, W. F. 

Graham Bright. A. B. Kiser, ♦ P. L. 

M. M. Powler. W. H. Lesser. E. B. 

E. J. Gealy, John A. Malady, J. P.' 

L. C. Ilsley. C. H. Matthews, C. D. 

POWER GENERATION 

F, A, AUner, Chairn^gin. Pennsylvania Water & Power Co., 

Lexington Building, Baltimore, Md. 

J. R, Baker. Secretary, Pennsylvania Water & Power Co., 
1011 Lexington Building, Baltimore, Md. 

A. E. Bettis. A. H. Hull. W. E. 

J. B. Crane, A. H. Kchoe, I. E. i 

P. M. Downing. H. A. Kidder, P. A. 

James H. Perry, G. L. Knight, W. F. 

N. E. Funk, W. H. Lawrence, A. R. 

W. S. Gorsuch, W. S. Lee, E. C. 

F. C. Hanker. P. T. Leilich, R. W, 

C. F. Hirshfeld, James Lyman, Willia 

E. B. Meyer, 


P. C. Nicholson, 
W. F. Schwedes, 
F. L. Stone, 

E. B« Wagner, 

J. P. Wiggert, 

C. D. Woodward. 


W. E. Mitchell, 

1. E. Moultrop, 

F. A. Scheffler, 

W. F. Sims, 

A. R. Smith, 

E. C. Stone, 

R. W. Stovel. 
William M. White. 


POWER TRANSMISSION AND DISTRIBUTION 


H. R. Woodrow, Chairman, Brooklyn Edison Co., Inc., 
Pearl and Willoughby Sts., Brooklyn, N. Y. 


R. E. Argersinger, 
Geo. M. Armbrust, 
R. W. Atkinson, 

E. T, J. Brandon. 

V. Bush. 

P. H. Chase, 

C. V. Christie, 

D. D. Clarke. 

W, .H. Cole. 

R. N. Conwell, 

M. T. Crawford, 
W. A. Del Mot 
H erbert H. Dewey, 


E. W. Dillard. 

R. B. Doherty, 

L. L. Elden, 

R. D. Evans, 

P. M. Farmer, 
Harland C. Forbes, 
C. L. Portcscuc, 

K. A. Hawley, 

V. L, Hollister. 

J, P. Jollyman, 

A. H. Kehoe, 

A. H. Lawton, 

W. E. Mitchell. 


E. R. Northmore, 
L. L. Perry, 

T. F. Peterson, 

D. W. Roper, 

A. E. Silver, 

L. G. Smith, 

H. C. Sutton, 
Percy H. Thomas, 
Philip Torchio, 
Theodore Varney, 
H. L. Wallau, 

H. S. Warren, 

R. J. C. Wood. 


PROTECTIVE DEVICES 

E. A. Hester, Chairman. 4:16 Sixth Avenue, Pittsburgh, Pa. 

Raymond Bailey, Vice-Chairman , , . 

V. J. Brain, Secretary, N. Y. Edison Co,, 13th St. & Irvi^ Place, New York,N.Y. 

A. C. Cummins, # F. C. Hanker, . R. C. Muir, 

B. W. Dillard, F. L. Hunt, • N. L. Pollard, 

H. W. Drake, B. G. Jamieson, A. M. Rossman, 

W, S. Sdsall, J. Allen Johnson, A. H. Schirmer. 

L. E. Fr^t, S. M. Jones, H.P, Sleeper, 

E. E. George, R. Lt*Kingsland. R. M. Spurck 

James S. Hagan, M. G. Lloyd, E. R. StauSacher, 

H. Halperin, J. B. MacNeill, H. R. Summerhayes. 

RESEARCH 

P. W. Peek, Jr., Chairman, General Electric Company, Pittsfield, Maas. 

H. D. Arnold, J. A. Johnson, D. W. Roper, 

Edward Bennett, V. Karapetoff, Clayton H. Sharp, 

V. Bush, A. E, Kennelly, . C. B. Skinner, 

E, H. Colpitts, S. M. Kintner, R. W. Sorensen. 

W. P» Davidson. M. G. Lloyd. ^ T.S. Taylor. 

W. P. Dobson. Chester W. Rice, J. B. Whitehead. 

TRANSPORTATION 

W. M. Vandcfsluis, Chairman, 1201 S. Michigan Avenue. CWcago, Ill. 

Rotnier Beeuwkes, W. K. Howe, W. B.^tter, 

A. E. Bettis, • D. C#Jockaon, lUl^ H. Rice, 

J. V. B. Duer, John Murphy, N. W. Storer, 

H, H. Field. W. S. Murray, Richard H, feeler, 

E. R. Hill, Sidney Withmgton. 

• At. I. E. E. Representatives 

ALFRED NOBLE PRIZE COMMITTEE 
II. P. Clmrlesworth 

AMERICAN ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE 

COUNCIL 

Edward Bennett O. J. Ferguson. 

AMERICAN BUREAU OP WELDmG 
H. M. Hobart. 

AMSrICAN COMMITTEE ON ELECTROLYSIS 

B. J. Arnold, N. A. Carlo, F. N. Waterman. 


AMERICAN ENGINEERING COUNCIL ASSEMBLY 

A:f:teo5:’ 

C. C. Chesney, ^cClellan, Charles P. Scott, 

g^^terman, L. P. Morehouse, *C. E. Skinner. 

♦John H. Pmney, 1. B. Moultrop, Calvert Townley. 

♦Representatives on Administrative Board 

AMERICAN MARDTE STANDARDS 
COMMITTEEft 
R. A. Beekm^ ^ 

AMERICAN STANDARDS ASSOCIATION 

J. P. Mey^ ., „ . ^ _JoJ" C. Parker. 

H. M. Hobart, H. S. Osborne, L, T. Robinson, Alternates. 
AMERICAN YEAR BOOK, ADVISORY BOARD 
Henry H. Henline 

BOARD OF TRUSTEES, UNITED ENGINEERING SOCIETY 
H. P. Charlesworth H. A. Kidder, G. L. Knight, 

CHARLES A. COFFIN FELLOWSHIP AND RESEARCH FUND 
COMMITTEE 
R. F. Schuchardt 

COMMITTEE OF APPARATUS MAKERS AND USERS. 
NATIONAL RESEARCH COUNCIL 
C. E. Skinner 

COMMITTEE ON ELIMINATION OF FATIGUE, SOCIETY OF 
INDUSTRIAL ENGINEERS 
C. Francis Harding 

COMMITTEE ON HEAT TRANSMISSION, NATIONAL RESEARCH 
, COUNCIL 

T. S. Taylor 

ENGINEERING FOUNDATION BOARD 
Gano Dunn, L. B. Stillwell. 

JOHN FRITZ MEDAL BOARD OF AWARD 
C. C. Chesney, Bancroft Gherardi, R. P. Schuchardt, 

M. I. Pupin. 

JOINT COMMITTEE ON WELDED RAIL JOINTS 
D. D. Ewing, A. P. Way. 

JOINT CONFERENCE COMMITTEE OF FOUNDER SOCIETIES 
The Presidents and Secretaries, ex^fficio. 

LIBRARY BOARD OF UNITED ENGINEERING SOCIETY 
Edward D. Adams, F. L. Hutchinson. W. B. Jackson, 

E. B. Craft, W. I. Slichter. 

NATIONAL FIRE PROTECTION ASSOCIATION, ELECT^^AL 
COMMITTEE ^ 

F. V. Magalhaes, 

NATIONAL FIRE WASTE COUNCH 
John H. Finney, P. V. Magalhaes. 

NATIONAL RESEARCH COUNCIL, ENGINEERING DIVISION 
Cary T. Hutchinson, F. B. Jewett, S. M. Kintner, 

P. L. Hutchinson, ex-officio» 


P. L. Hutchinson, ex-ojSUcto^ 

NATIONAL SAFETY COUNCIL, ELECTRICAL COMMITTEE OF 
A. S. S. B.—ENGiNEERING SECTION 
P. V. Magalhaes 
THE NEWCOMEN SOCIETY 
B. B. Craft 

RADIO ADVISORY COMMITTEE, BUREAU OF STANDARDS - 
A, E. Kenndly 

SOCIETY FOR THE PROMOTION OF 

BOARD OF INVESTIGATION AND COORDINATION 
Gano Dunn, Prank B* Jewett. 

U. S, NATIONAL COMMITTEE OF TOT IN^^ 

COMMISSION ON ILLUMINATION 
A, B. Kenndly, C. 0. Maflloux, Clayton H. Sharp. 

U. S. NATIONAL COMMITTEE OF TOT INTERNATIONAL 
U. b. "A^^g^^TROTECHNICAL COMMISSION 


E. W. Allen, 

W. A. Del Mar, 
Gano Dunn, 


P. C. Hanker, 
H. M. Hobart, 
D. C. Jackson, 
F. B. Jewett, 
A. B. Kennelly 
H. A. Kidder. 
John W. Lieb, 


F. V* Magalhaes. 

C. 0. MaUloux, 

William McClellan, 

E. B. Meyer, (ex-'Officio) 
J, P. Meyer, 


L. T. Robinson, 

D. W. Roper, 

R. F. Scmuchardt, (ex^ 
officio) 

C. H. Sharp, 

C. B. Skinner, 


t J. P. Meyer, C. B» Skinner, 

P. D. Newbury. W. I. SUchter, 

H. S. Osborne. ^ Rj Stevenson. Jr. 

[y. Parley Osgood. S.-.^ *.^?®*^* 

, P. w: Peek. Jr., phu^ionison, 

E. W. Rice, Jr.. Jt*” W. Upp. 

WASHniGTON AWARD, COMMISSIOll OP 
L. A. Perguson, Charles P. Soott. 


LIST OF SICTIONS 


Baltimore 


Chairman _ Secretary _ 

John Grotzinger Pwste, No,^ Ohio Pr. & Lt, 

Com Akrop, Ohio 

H. L. Wills W. Fe Bellinger, Blec. & Sas 

Bldg., Atlanta, Gx. - 

W.B.Kouwenhoven R. T. Grew, Cons. Gas Blec.J,t. 

dc Pr. Co.i Lexington Bldg., 
Baltimore, Md. 

H. B. Dwight G J. Crowdes, Simplex Wire & 
® dable Co.. Sidney Street, 

** Cambridge, Mass. 


Cinclimati 


Cleveland 


Chairman 
P. B. Juhnke 


R. C. Fryer 


E. W. Henderson 


Secretary 

T» G. Le Clair, Commonwealtb 
Edison Co., Rm. 822,' 72 W. 
Adams St., Chicago, lU. 

L. 0. Dorfman, Westinghouse 
B* & M* Co.,^3rd & Blm Sts., 
Cincinnatii Ohio 

p. D. Manbeck, National Carbon 
Co., Madison Ave. & West 
117th St., Cleveland, Ohio 


o 
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Columbus 

Counectieut 


Defrolt-'Anu Afbor 


Fort Wayno 
Houston 

IndianapoUs-Laf* 


Kansas City 
Irohiffh Valley 

Los Angeles 

Leulsyille 


Milwaukee 

Minnesota 

Nebraska 
Hew York 


Hiagara Frontier 


_ Chair man 

W. E. Metzger 
E. J. Amberg 

G. A. Mills 

L. Mt UcCIellan 
A. H. Lovell 

M. L. Elder 
C. P. Beyer 

C. A. Williamson 

Herbert Kessel 
E* P. Chamberlain 


LIST OP S^CTlONS^Continued 

Secretary Name 


J. George 
H. D. Baldwin 


H. L. Caldwell 


E. D. Wood 


, Brown, 87 E. Dunedin Road. 

CoIumbuSi Ohio 

R* Warner, Yale Dniv. 10 
Hillhouse Ave., New Haven. 
Conn. 

A. Chetham-Strode, Dallas Pr. 
S Interurban Bldg., 

Dallas. Texas ®' 

Telephone Bldg., 
T w 8* Denver, Colo. 

L. P. Hickernell, Stevens & Wood, 
Inc., Cojwumers Power Bldg., 
Jackson, Mich. 

A. W. ^ Wennerstrom. General 
E^tric Co . Erie. Pa 

B?’ Broadway, 

Ft. Wajme, Ind. 

D. K. ^ Del Homme, Houston 
Lighting & Power Co., Houston, 
Texas 

G. R. Anderson, 2060 North¬ 
western Ave., Fairbanks, Morse 
« Co., Indianapolis, Ind. 

H. H. Race, School of Elec. Engg., 
Cornell University, Ithaca, N. x 

E. P. Weaver, Pa. Pr. & Lt. 
Co., 901 Hamilton St., Allen¬ 
town, Pa. 

Southern Cal. 
Edison Co., 3rd and Broadway. 
Los Angeles, Calif. 

Wischraeyer, Louisville 
Railway Co.. Louisville, Ky. 


w., XJUUlSVlUe, 

Charle, Skoglund V. R. Holmwen^ Turbine 


L. J. Peters 


P. M. McCullough 
E. R, Stoekle 


d. E. Todd 


S» Horth Carolina 


C. D. Robison 
R. H. Tapscott 


G. H. Calkins 


E. P. Coles 


Lynn, Mass. 

L. C. Larson. Dept, of Elec. Engg., 
Univeraty of Wisconsin. Madi¬ 
son, Wisconsin 

A de Queretaro 22, 
Mexico City, Mexico 

R* R* Kaoerr, Engr., Knoerr & 
^scher, 553 Milwaukee St., 
Milwaukee, Wis. 

V. E.Engq^t. Northern States 
Pr. Co., Ibce & Atwater Streets, 
St. Paul, Mmn. 

?’ Room 1819, Tele¬ 

phone Bldg., Omaha. Neb. 


H. S. She] 
Researd 


ird, Dept, of Dev. & 
Amer. Tel. & Tel. 


Co.^196 Broadway, New York, 
Buffalo General 

Power Co„ 

Power Bldg., Charlotte, N. C. 


Oklahoma 

Panama 

Pbiladelphiaf 

Pittsburgh 

Pittsfield 
Portland. Ore. 

Providence 

s 

Rochester 

St Louis 
San ^nciseo 

Saskatchewan 

Schenectady 

Seattle 

Sharon 

Southern Virginia 
Spokane 


Syracuse 

Toledo 

Toronto 


Vancouver 

Washington 

Worcester 


Total 66. 


Chairman 
C. V. Bullen 

L. P. Doming 

H. E. Dyche 

J. R. Rue 
L. M. Moyer 

A. B. Watson 
H. E. Gordon 

C. P. Potter 

B. D. Dexter 

• 

E. W. Bull 

B. S. Lee 

C. R. Wallis 
H. B, West 
H. C. Leonard 
Bernhard Olsen 


Springfield, Mass. J. p. Murray 


W. R. McCann 
W. T. Lowery 
E. M, Wood 

J. K. Tuthill 

C. B^ Shipp 
C. W. Colvin 

L. D. Bliss 

A. P. Snow 


Jotirnal A. I. B. 2. 


Secretary 

C. T. Almquiat, Dept, of Elec. 
Engg., Umv. of Oklahoma. 
Norman, Olda. 

R. H. ^bert, Phfladelphia Elec- 

tSm Market St., 

Philadelphia, Pa. 

The Bell 

Teleplmne Co. of Pa., 416 7th 
tr R^ttsburgh, Pa. 

V. M. Montsinger, General Elec- 
tnc C^., Pit^eld, Mass. 

Com 5th and Davis Streets, 
Poland, Ore. * 

Blackstone Valley 
^s & Elec. Co., Pawtucket, • 

General 

Ra^ay Signal Co., Rochester, 

^188 RaBway 
Exchange Kdg.. St. Louis, Mo. 

A-O'. Jones, General Electric Co., 
SO^Russ Bldg.. San Francisco, 

Montague 

• Regina, Sask., Cana£k 
Johnson, Room 435, Bldg. 
No. 2, General Electric Co.. 

^ Schenectady, N.Y. 

Raget Sound Pr. Sc 

Westinghouse Eleo- 
tnc & Mf^Co., Sharon, Pa. 

Electric 

XT Richmond. Va. 

General Electric 
Co.. ^2 Paulsen Bldg,, Spo- 
tone. Wash. ^ 

B‘ V. K. French. Am. Bosch 
MaS^^*^ Corp., Springfield. 

P. KiVerdin, 1206 Hills Bldg., 
Syracuse, N. Y. 

^5? Pernwood Ave., 

Toledo, Ohio 

Sutherland, Toronto Hydro 
Elec. System, 225 Yonge St,. 
Toronto, Ont., Canada 
M._ A. ^ Paucett, Univerai^ of 
Illinois, 301-A Elec. Engg. 
i®^*?^tory, Urbana. Bl. 


Elec. Iteilway Co., Vancouver. 
C., Canada 

K.W.CushiM, PederabPr. Comm., 
18th & P Sts., 
™ N.W., Washington, D. C. 

' 15 Belmont St., Worcester, 

Mass. 


Name and Location 


OP BRANCHES 


. 


Chairman 




SSSf’®/« Denver.^io.'. 

. 

row*. State tTniroiita . . 

Manhattan, ^a'naara * • .. 


in«U»m State M®»-- 


Ill......;;;; 

. N. Y.; 


... C. D. Tinley 

•••i* 5 * Hopper 
...T.E. Pet« 

• • •§• L McDonald 
...H.P. Steen 

• • ‘R* E. Snauffer 

• • • O. R. Crane 

... C. E. Cherry 
M* Cooper 
. W. A. Thomas 

.. .C. E. Young 
...D. R. Carpenter 
Anderson 
'•‘S* Mitchd 

' * •S:.R* Arnold 
’ * Henschel 

. .R-S. Milans 
.. J. N. Petrie 
..E.T.Paur 

• •D. M. Way 

‘ • Cranford 

• McKay-. 

• M. Bium 
..O. C. Mayer 
..R« R» Law- 

.. Drew MacDoug^ , 
..B. L. Remick 

• • Nor^l Douglas 

W. Dani®! 

• yilJ'®^®tt 
'*?* 2*“teinert 
••A.G<mari 

.. J. C. Bice 
. .Samuel Evans 
••A. y. Smith 
•»R* C. Neumann 
‘•R. M. Durrett 
,. M. H. Blivin 


_ Secr etary 

G. E. Burkholder 

O. T. Allen 

Wm. Tremaine 

B. H. Dorman 
J. E. Wack 

P. J. Mullen 

J. B. Bridegum 
A. W. Dunn 

J**® • 

J. H. Pemck 
J. O. Herbster 

W. C. Osterbrock 

P. H. Lindoa 
- E. E. Stoeckly 
• H. H. Reuter 

J. D. Russell 
D. 8. Co^er 

• Haldeman 

C. W. Kenyon 

K. W. Mowry 
P. E. Dicus, Jr. 

C. B» Rohrig * 

. A. W. Broedy 

k i’J^ Massie 

• C. W. Zook 
J, E. Zeaser 
Leo Wein^ank 
J. J. Bndges, Jr, 

J. S. Overstreet 
& A. Wittier 
W. E. Schmitz 
P.O. Urban 

W. G. Keck 


Counselor 

(Member o f Faculty) 

J.Walther 
W. W. Hill 

J. C. Clark 
W, B. Stelzner 
- p. P, Moreton 
Robin Beach 
W. K. Rhodes • 

R. W. So^sen 
T. C. McFarland 
B* C. Dennison 
H. B. Dates 

T. J. MacKavanaugh 
W. C. Osterbrock 
A. R. Powers 

S. R. Rhodes 
H. (>. Jordan 
W. C. DuVall 
N. L. Towle 
H. H. R^e 

R. E. Nj^wander 
H. p. Warner 
^ 0. Lange 
W, J, Seeley 
LM. WeU^ 

T. W. Fitzgerald 

R. G. IGoeflaer 
- G. C. Shaa<r 
W. E. Freeman 
Morland King 
J. L. Beaver 
F. ^ Rogers 
M. B. Voorhies 
p. C. Jackson, Jr. 
J^®^Rv?“*rows, Jr. 

J. R H. Douglas 
^ H. Timbic 
M. M. Cory 
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LIST OF BRANCHES— 

__ and Location ___ Chairman _ Secreta ry 

Michig^, Unl^rsity of* Ann Arbor, Mich,... ..•...W. R Houfh w r 

SlSKriMt&f SsaaKMSi * “■. ;;l; i IX I f S' 

Missouri, University of, Columbia, Mo. . C^w r‘ n 

Montana State College, Bozeman. Mont.. M. Field G E 

gobrask^ University of, Lincoln, Neb.E Schneider w r' wtSfc* 

Nevada, University of, Rend. Nevada. AMaa S??rwn«L a ^ 

o^Bngine^, 367 High St. Newark. Mew’ W. R ‘fe. 

gew ^mp^ire, University of, Durham, N. H.Philio Nudd . 

wSS Ae.City of, 139th St.. & Convent Ave., New York, N. Y. .oS^tzko Wto? BrS22f 

University, University Heights, New York, N. Y...Tarior A W 

North Carolina State College, Raleigh, N. C.......?!.. n u r?rn««*Ar m w* 

S **£5 Carolina, University o/. Chapel Hill, N. C.!!!!!!!!!!!!! W. b! ^ B *T 

North Dakota, Umversity of. University Station, Grand Porks, N. D.R. W. G*. E* Glas!' ^ 

’ University, 316 Huntington Ave., Boston 17, Ma^.R. W. Cleveland H P wSder 

University og Notre Dame, Ind. T, .T. T. Don^ue F T wLViL 

Oy® Northern Univeftity, Ada, Ohio.T. D. McGahan R* i Haw-Aimyr. 

Umversity, Columbus, O.. M, Webster * * artshorn 

OUahoma A. & M. College, Stillwater, Olda.!,!!!!!! !e. L. Weathera H* E *:£Sfnrd 

Oklahon^ Univepity of, Wrman, Oldk.!!!!!!!!!!!!! ! C K. IttSer U Roy Tr 

» Oregon State College, Corvallis, Ore.Harry Loavan A W ^ 

Pennsylvania ^te College, State College, Pa.HfW. Bafr J P Houldm^ 

Pennsylvan^ JTniyereity oi Philadelphia. Pi .!!!!!! T. B. MiSiiiig B. W. Btoto Jr 

Pittaburgh, raversity Of, Pittsburgh. Pa.T. B. Luck f J. G Hooo * ^ 

gnnceton Univereity, Pnnceton, N. j .W. V, G. Ealaas C. P. NeSaae 

^rdue University, Lafayette, Indiana.J. P, Nuner P C Sandrettn 

Rensselaer Polytechnic Institute, Troy, N. Y.S. B. Benson Darid'Kmaer 

Rhode Island State College, Kingston, R. I.p. B. Caulfield A.*Z. Smith 

Rose Polytechnic In^itut^ Terre Haute, Ind.R. H. Dowen G. P. Bmsman 

Rutg rs University, New Brunswick, N. J.John Cost H. M. Hobson 

Santa Clara, University of, Santa Clara, Calif.T. L.^Sa J D cSlS^ 

S uth Carolina, University of, Columbia. S. C.W. E. Eargle L, a! Griffith 

S uth Dakota State School of Mines, Rapid City, S. D.H. E. Sattfer Vem Hagmann 

South Dakota, University of, Vermillion, §. D. ..Enar Johnson E?E, lSK 

S California, University of^ Los Angeles, Calif. W. E. Woodruff 

Stanford University, Stanford University, Calif.N. R. Morgan W. G. Snyder 
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DIGEST OF CURREINT INDUSTRIAL NEWS 


NEVV CiTALOGUJ^S AND OTHER PUBLICATIONS 

Mailed to intef'eated readers by issuing companies 

Choke Coils and Fuse Mountings. —^Bulletin *P*^ describes 
a new line of outdoor reinforced choke coils, fuse mountings and 
combined choke coils and fuse mountings. The Champion 
Sxsdtch Company, Kenova, West Va. 

^ Motor Starter.— Bulletin 482,4 pp. Describes Condit Type 

A-30 air motor starter, made in capacities of 20 horsepower or 
, less. Condit Electrical Manufacturing Corporation, Boston, 
Mass. 

Automatic Stations.— Bulletin GEA-90D, 32 pp. Describes 
G-E automatic ^installations to January 1, 1929. General 
Electric Company, Schenectady, N. Y. • 

Low-Voltade A-C. Networks.— GED—265, 44 pp. This 
publication is a reprint of articles on the subject of low-voltage 
?i-c, networks by D. K. Blake appearing in 1928 and 1929 
issues of General Electric Review, General Electric Company, 
Schenectady, N. Y. 

Pyrometers.— Supplenaent 400-1, 4 pp. Describes type FD 
pyrometer outfits consisting of a 4 in, instrument, a thermo¬ 
couple and leads. The device is used on typecasting machines 
to determine the temperature of the metal. The Roller-Smith 
Company, 12 Park Place, New York. 

Arc Welding. ^The Lincoln Electric Company, Cleveland, 
OMo, has issued tmce each month supplement sheets on various 
phases of the application of welding as applied to the manufactur¬ 
ing machinery and equipment. A new monthly issue is 
devdied to “Studies in Structural Welding^ showing the latest 
application of welding to structural work. 

Delon Circuit Breakers— S. P. 1836, 50 pp., entitled The 
New Deion Circuit Breakers. This publication consists of a 
Mnes of A. I. E. E. papers, together with Electrical World and 
Eledry: Journal articles which have been published recently 

' development of the deion circuit breaker 

and field tests which have been applied to it. An A. I. B. E. 

^ paper presented at the summer convention in June 1928 on 

^ Slepian. inventor of the 

eion breaker, is also included. Westinghouse Electric & Mfg 
Oo,, East Pittsburgh, Pa. 

Controls— Catalog 29. A publication of several 
hunted p^s devoted to “BuU Dog” electric controls, including 
sOTtohes, light and power panelboards a^ 
cabinets, meten^.panelboards and cabinets, and safety switch¬ 
boards. BuU Dog ElMtric Products Company, 7W0 Jos. 
Campau Avenue, Detroit, Mich. 

Transfomer Performance —^Bulletin 164, 12 pp Dis- 

and Power trans- 

S of making tests on transformers to deter- 

mne their aeceptabihty and the calculations of operating char- 
^n^ies from the test data. Wagner Electric Corp^tfon 
6400 Plymouth Street, St. Louis, Mo. '-"xporanon, 

NOTES OP THE INDUSTRY 
The Champion Switch Company, Kenova. West V* 

^pointed QeoigeLCaxUsle vice-president 

Mr. Carhsle has had wide experience in the public ntilitv 
^^ng spent nine years with the West PeL Power Smnt^J 
£ wn V*®'* engaged in consulting enghieei 

Several unusual or new featurps win Vi • enerators. 
.steam turbine generators which are to be^^derto ^ 

facilities of the PanMc Gas and ElSwc Comm^!^ f 

The two machines, of General Eleotrio man^aeturr^^r 
at 50.000 kilowatts, wfll ^ the first of the new “doubJeS^J^ 


compound’* type, will be the first high-pros.siire tiu*l)inc‘s on tho 
Pacific Coast, and will bo fueled with natural gas ])ipiMi from a 
source 240 miles away. 

Illinois Electric jPorcelain Appoints J. W. Ward.—Tlu' 
Illinois Electric Porcelain Company, Maeomb, Illinois, announeii.s 
that J. W. Ward, for the past six years general superintendent of 
the Porcelain Insulator Corporation, Lima, N. Y., and previously^ 
in the same Capacity with the Westinghouue pjant at Di'rry, l^ji., 
is now associated with its organization and will give the Illinois 
Company the benefit of his long experience in the manufacture of 
high-tension insulators. 

Solderless Connector.— Tho Penn-Union Klecitric r<ir|)oi*a-* 
tion, Erie, Penn., is manufacturing a solderless coum‘<*.U)r wIMi a 
locking action, which holds tight permanently, for use on high- 
tension lines. In the use of the eonnector a loek-nut is turnml 
onto the yoke, a split wedge-shaped sleeve foriies the body of tlu» 
connector tightly against the main conductor. At the sann^ 
time the sleeve ela,mps tighter to the branch, (equalizing tho 
pressure on the main and branch conductors. Tine (eonducitors 
are made in a complete line and a variety of typies ane (‘arrited in 
stock for prompt delivery in combinations and siz(*s for (ev(*ry 
electrical requirement. 

New Oil Circuit Breakers by Delta-Star.—TIue Delta-Star 
Electric Company, Chicago, has annouiilited a new line of outdoor 
oil cir(5uit-breakers in voltages from 37 kv. to 73 kv. iiudusivo. 
Reliability and ruggedness to withstand rcipeaied jmnisJiinent 
has been the key-note throughout tho entire dcjsign. TIu'y an^ of 
the double gas isolated type with special oil retractors to pr(?voiit 
oil toow. Among tlie noteworthy points are higli flasboveu-, 
bushings of the oil o^r compound typ<», mill tipple ratio curnuit 
transformers, hot dipped galvanized support fraim^s gas aiul 
oil proof terminal blocks, and a clp^sing me(diaiiism of the trip 
free any position type. 

A thorough oscillographic study given to tho n^lief of dynainiii 
stresses of the moving parts, resulted in a break<*r having a 
m^imum contact velocity with miniiniim dynamic sirt'sses, atul 
with safety factors for these moving miKihanical parts far in 
excess of t^t generally considered satisfactory. Spt^cial stiud 
^loys having shock resisting and fatigue qualities anj usncl 
throughout. 

AUis.CliMmers Receives Lartfe Orders— OontnwdM liavo 
been placed with the Alli^Chalmors MaiiuTacturinff (’onipanv 
extension of Gio Watiketfaii (ienorat- 
<W t *j® <^»mpany of Nortiieni Illinois, 

^ent & Lundy, Incorporated, Engineers, iwiluding a 6.5,000 
CT tandem steam turbine unit with condenser, circulating waUu* 
Md condensate pumps. This is the fourth unit for this sUition. 

installed in 1928. A 
aP instaUed in 1925 and a 50,000 kw. in 1927, 

^of the AUis-Chalmers make. Unit No. 4 will be rated (i5.()()0 

Si' S °"® generator and will bo similar to 

w t f , eenditions are 600 lbs. steam prossur.,, 

TbeeLSi!!^, 29 in. vacuum referred. 

250 voltaS^r^ “ ^ ^2-000 volts, and includc-s a 

volt direct connected exiiiter. 

^®®“ '®‘f Milwaukee Electric 

stalled in th« ii- . etnam turbine unit to he in- 

•kw. and will ^wer Station. This unit is rated 60,000 

•generator fima °. J^®.reaction, single-cylinder, singlo- 
C^dfo^Tn ^ toect connected exciter. The turbine is 

a temperature gauge and 

unitaiel3^voltrfin!.™/^l 

of 200 tw ’ The unit Triif^^®®’ ^ oxoiter has a capacity 

w JEW. The unit will operate at 1800 rev. por min. 
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• Institute Progress 


T he 1929 Summer Convention has now passed into history. 

It has marked another milestone in the progress of our organ¬ 
ization. There were presented valuable and interesting papers 
and committee reports, all of great importance in the onward 
march of the electrical Industry. 

In a consideration of our progress we naturally give great 
weight to the developments which are reviewed in the committee 
reports and to the completeness of the technical program of the 
convention. It is, of course, true that our conventions and our 
regional meetings record the advances which have been made in 
the electrical field, but we must not let the knowledge of this fact 
obscure in our minds the progress that finds its real and solid 
foundations the Section meetings; for after all, it is largely in 
the Sections that the men are developed upon whom much of the 


progress depends. ,. u 4 . 

I can think of no message of more importance with which to 

close the year than one that emphasizes again the opportuniti^ 
of the Sections. The new chairmen and committees will soon be 
completing their plans for the coming year. The suggestions con¬ 
tained in last January’s message may be of help. No more suc¬ 
cessful plan has been found than one that gives the fullest oppor¬ 
tunity for the development of the individual member. 

Our incoming president has a deep-seated interest in the 
Sections, already expressed in many ways and particularly in his 
three years of splendid service as chairman of our Sections Lom- 
mittee With his whole-hearted, sympathetic, and active sup^rt, 
supplemented by the organized facilities of our excellent head¬ 
quarters’ staff, the progress of the Institute is assured and 
dectrical engineers of America will have cause for increasing pride 
in fhcir orofession, and in the society of their profession. 



President 




•Ik 







512. 


r 


NOTES AND COMMENTS 


Journal A. I. E.«E. 


Some Leaders 

of the A. I. £. £. 

Frederick Bedell, member of the Institute since 1892, 
Manage* 1914-17, and Vice-President 1917-18, was 
bom in Brooklyn, N. Y., April 1868. After an iinder- 
graduate Arts coui^M Yale, he took graduate courses 
in science, engineering and mathematics at Cornell 
University, receiving the degree of Doctor of Philosophy 
and joining tiie instructing staff in 1892. In 1893 
he was appointed Assistant Professor of Physics, and, 
in 1904, Professor of Applied Electadcity, a position he 
still holds. 

Doctor Bedell has performed valuable service to the 
Institute not only by contributing papers—many of 
which are outstanding,—and by partidpating in discus¬ 
sion, but also active service in its prindpal committees, 
as member of the Meetings and Papers, Standards, 
library and Sections committees, Chairman of the 
Ellectrophysics Committee and of the Subcohomittee on 
Wave-form Standard, and as member of the committee 
of award of the Edison Medal and for many years as 
director. With his darity of vision his influence on the 
dectrical engineering profession has been marked. 

His most important contributions in electrical engi¬ 
neering have been his experimaital investigations and 
theoretical studies dealing with alternating currents, a 
field in which he was a pioneer. His first paper before 
the-Jnstitute in 1892, on the General Solution for the 
Current Flowing in a Circuit Containing Resistcmce, 
Se^-Induetion and Capacity, with any Impressed Elec¬ 
tromotive Force introduced the use of j as an operator in 
the solution of alternating-current problems. This 
and other papers written in collaboration with Doctor 
■ A C. Crehore, developing anal 3 rtical and graphical 
methods for solving alternating-current problems now 
^ well known, formed the basis of the book “Beddl and 
’Crehore's Alternating Currents” which was the first 
systematic treatise in its Add, and for many years a 
standard text. It recdved world-wide circulation in 
several languages. The prindples first enundated in it 
have beai induded in nearly every book dealing with 
.alternating carrots that has subsequently appeared. 

In addition to about one hrmdred artides. Doctor 
Bedell has published the following three books on 
electrical engineering: ‘Alternating Currents,” "The 
Prindples of tiie Transformer” and "Direct and Alter¬ 
nating Current Manual.” In these he has had mahy 
"firsts” to his credit, including the circle diagram for 
the transformer in 1893 (extended lat^ by others to 
include the induction motor), the first paper on “re- 
actemce” (jointly with Steinmetz, Transactions, 1894) 
tile introduction of "reactive power,” the first graphical 
andysis of the operation of the synchronous motor 
(with Byan, Journal Franklin Inslitvte, 1896) and the 
predetennination of triftisformer regulation. In a 
three-page paper with Crehore in 18^ (^American 
Journcd of Science) he called attention to the limitations 
of the telephone due to the differences in the rateg of 


decay of high and low frequendes, and pointed out that 
tiiis effect was diminished by the introduction of self- 
induction, a theoretical deduction substantiated later 
by the general use of loading coils. The prindple of 
redproGal vectors was presented in a paper on “Admit¬ 
tance and Impedance Ix)d” before the Physical Sodety 
of London in 1896; 

The same high^ standard has been attained in his 
contaibutions to mechanical and aeronautical engineer¬ 
ing. His books “Airplane Characteristics,” "The Air 
Propeller,” and "The Airplane” ran^ high in their field' 
in them the prindples of flight have Been dearly de¬ 
veloped without being encumbered by structural 
minutiae on the one hand or by abstiuse mathematics 
on the other. 

In the field of physics his work has been no less note¬ 
worthy. For twenty-nine years he was editor of The 
Physical Revim, a period in which physics in this 
country—as well as dectrical ^gineering—devdoped 
from youtii to maturity. The prindpal American con¬ 
tributions to physics during this period passed under his 
scrutiny. He was contributor to Johnson's Universal 
Cydopaedia and to tlie Standard Dictionary and was 
editor (for electridty) of Webster’s New International 
Dictionary. He has served as sedfetaiy of the Council 
and as General Seoretary of the American Assodation 
for the Advancement of Sdence. He has a number of 
patents, both United States and Fordgn, on improve¬ 
ments in transmission of power and intelligence. 

Doctor Bedell's present activities are reflected in two 
papers before the regional convention of the Institute 
in 1927 on Non-Harmonic AUemating Currents and 
The Stabilized Oscilloscope: a Cathode Ray OsdUograph 
with Linear Time-Axis. In his theoretical work he 
is at present interested in extending the use of vec¬ 
tors (in some cases in more than one plane) to 
apply to alternating quantities without the limitation 
of the so-called sine assumption. He is experimenting 
on methods for observing such quantities and is com¬ 
pleting the development of an improved osdlloscope, 
extending its use to the study of light and sound, as well 
as electrical phenomena. , 


The Engineering Division of Iowa State College, 
Ames, Iowa, has inaugurated a personnel service which 
should prove of mutual benefit to the industries and 
the engineeri^ graduates. With the cooperation of 
tiie en^neering student coundl “Peri|Oimel Service 
Leaflets” have been published for the senior engineers 
and fitfty sets of these leaflets were s^t to the leading 
industries early in January. Each year new sets of 
leaflets will be sent by the college to these industries 
as well as to other industries that may be int«^ed. 

Each leaflet gives a portrait of the student, his 
aame, college co^e, and date of graduation. Many 
Sther details as to his training, experience and quali¬ 
fications are induded in the leaflet, such as his age, 
health, college activities, expenses earned, etc. 





, Abridgment of 

Master Reference System for Telephone 

Transmission ' 

BY W. H. MARTIN* " and C. H. G. GRAYf 

Member, A, I. E. E. Applicant for Membership 

Synopsis.—The telephone transmission system described here adopted as the Master Reference System of the International 
is the Master Reference System of the Bell System for the expression Advisory Committee on Long Distance Telephone CommunieeUion 
of transmission standards and the ratings of the transmission per- in Europe, The establishment of these two master systems provides 
formance of telephone circuits. The transmitter arid receiver a common reference for the telephone transmission work of the Bell 
Elements of this system (fre reference standards for the votings of the System and the telephone administrations which are members of 
transmitting and reaving performance of termirud station sets, this International Advisory Committee, 

A replica of this reference system installed in Paris has been * * » ♦ • 


T he Master Reference System for Telephone Trans¬ 
mission, as its name indicates, is to serve as the 
ftmdamental circuit in tiie ratings of the trans¬ 
mission performance of telephone circuits. In describ¬ 
ing this system, therefore, it will be advantageous to 
outline first the general contiderations underl 3 dng tiie 
methods of determining and specifying these ratings 
and their applications. 

The converaons and transfers of energy which con¬ 
stitute the process of telephone transmission result in 
general in a difference between the speedh sounds at the 
sending end of the telephone drcuit and .the sounds 
reproduced ait the other end in the ear of the listener. 
These reproduced sounds may differ from the original in 
three important respects; their loudness, distortion, or 
degree tq which their wave-shape departs from facsimile 
reproduction and the amount of extraneoxis sounder 
noise which accompanies them. Prom the standpoint 
of telephony, the major importance of a difference 
between the ori^nal and reproduced sotmds is deter¬ 
mined by its effect upon “intelligibility,” that is, the 
degree to which the latter sounds can be recogniized 
and understood by the listener when carrying on a 
telephone conservation. The tolerable departure of 
the reproduced from the original sounds is limited also 
by certain effects which are noticeable to the listener 
before they materially affect intelligibility, such as 
loss of naWralness. 

Measurements of intelligibility are of utmost imiwrt- 
ance in rating the paformance of telephone dreoits, 
but they are unduly cumbersome for direct use in the 
detailed development and design of telephone circuits 
and tiieir many parts, particularly wher» small effects 
are concerned.* It has been desirable, therefore, to 
handle telephone transinission work in two steps. One 
natural division is suggested by the statement that 

•Of the Amerioaa Telephone &. Telegraph Company, New 
York, N. Y. 

tOf thie ®ell Telephone Lahoratoriea, Inc., New York, N. Y. 
Presented at the Summer Convention of the A,. I. E,, Swamp-, 
scott, Mass., June g4-S8, 1989. Complete copies upon request. , 


intelligibility is a function of the relation between 
the output and input speech sounds, and of the psycho¬ 
logical reaction of the listener to these output sounds. 
Because of-the complex nature of the speech sound, 
waves, however, it has been found more practicable 
to treat the transmisaon performance of telephone 
circuits in the following two parts: (1) the physical 
performance of the circuit, and (2) the ration between 
phyacal performance and intelligibility. The phyacal 
performance of a circuit is taken here to cover the 
transmission characteristics which can be specified in 
terms of the performance for single frequencies, a 
number of frequencies being taken to cover the range 
which is important for the reproduction of speech 
sounds. These measurements of phj^cal performance 
cover such things as the response-frequency character¬ 
istic of the drcuit over the range of speech frequendes, 
the distortion due to non-linear elements, , phase dis¬ 
tortion, and the extraneous currents which cause noise. 
These determinations of physical performance do not 
indude measurements of the speedi soxmds themselves, „ 
nor of the functioning of the talker and listener. This , 
differentiation is advantageous in segregating the 
studies of speech sounds and of the psydiological phases 
of the work, and permits the design of the operating 
plant and a large portion of the development work to be 
carried out on a physical basis. 

The determination of the relation between intelli¬ 
gibility and the physical performance of a telephone ; 
drcuit is a laborious process, because persons play the 
parts of generators and meters and a number of people 
must be used in both parts to take into account the 
normal ranges of their performance. The goal of this, 
portion of the work, has been, therefore, to establish 
suitable relations which will permit the determination 
of the intdligibility pf a drcuit by computations whi^ 
start with the phyacal characteristics of the drcuit. 
This work^ has involved determinations of the capa¬ 
bilities of dreuits having various kinds of physical 

■ 1. For all numberedreferenoes see end of paper. 
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characteristics to reproduce intelligible speech, investi¬ 
gations of the nature of speech sounds and hearing, and 
of people’s customs in usings the telephone. 

Prior to the time when suitable means were available 
for measuring the physical performance of telephone 
circuits, and when the kinds of circuits in commercial 
use were quite similar in their distortion characteristics, 
the practise was adopted of rating the performance of a 
circuit by comparing it, on a loudness basis, with a 
reference circuit which was adjustable in attenuation 
and whose distortion was closely similar to that of the 
commercial circuits. In such a comparison, a determi¬ 
nation is made of the equivalence of loudness or volume 
of these two circuits by talking alternately over them 
and adjusting, the reference circuit until the sounds 
coming out of the two receivers are judged to be equal. 
For the conditions where volume is the important 
controllable characteristic of telephone circuits, these 
loudness comparisons constitute a practicable and 
effective means of indicating the performance of these 
circuits. 

The reference circuit adopted about twenty-five 
years ago for these loudness comparisons consisted of 
transmitters, receivers, station sets, cord circuits and a 
line, of types which were then used commercially. In 
this reference circuit the line was an adjustable artificial 
line simulating a No. 19 A.w.g. cable circuit having a 
cap&city per loop mile of 0.064 iii. The amount of 
cable in this line to give a loudness balance was taken 
as the rating of the circuit under comparison. This 
reference system has been called the Standard Cable 
Reference S 3 ratem. 

In addition to this rating of the performance of a 
telephone circuit, the st^dard cable reference system 
has had other applications. Certain settings of this 
reference sjretem were selected as specifying the stand- 
• ards of transmission which were to be provided in the 
design and operation of commercial circuits for the 
several kinds of service, such as local and toll. The 
effect of introducing or changing any part in a com- 
merical circuit was rated in terms of the amount 
of cable by which it was necessary to change the line 
of the reference system to produce the same effect on 
the loudness of the reproduced speech sounds. Like¬ 
wise, the transmitters and receivers of this reference 
system were used as reference instruments for the com¬ 
parison and rating of other transmitters and receivers. 

This cable reference system has played a very im¬ 
portant and necessary part in the development of 
telephone transinission, in that it has provided a ready 
means of rating the performance pf the various parts 
of the system and of any changes, and has made it 
possible to design commercial circuits to provide a 
predetermined grade of service. The performance of 
this system was specified by stating the kinds of ap- 
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ments, but for the transmitters and receivers, reliance 
for constancy of performance was placed primarily 
upon the careful maintenance and frequent cross-com¬ 
parisons of a group of transmitters and receivers which 
were sjifecially constructed to reduce some of the sources 
of variation in the regular product instruments. In 
this way, reasonable assurance of'the performance of 
the reference system was secured. This system has 
been widely used both in this country and in other parts 
of the world, and the performances of the various sys¬ 
tems havetbeen kept in accord by frequent circulation 
of calibrated transmitters and receiver*. 

As the telephone art has developed, modifications 
have been found to be desirable in this reference system 
to make it more suitaljle for its purpose. Telephone 
instruments and circuits have been designed and used 
which have less distortion than existed in the coiTe- 
sponding parts of the cable reference system. For 
this reason it is desirable to have as a new reference 
system one with which the transmission over the most 
perfect telephone circuit or over some less perfect one 
may be simulated at will. The change of the unit of 
tr a nsmi ss ion from the mile of standard cable to the 
decibel* has brought about the need for a change in the 
line of the reference system. • 

A reference ssratem such as that described here, in 
which the essential elements are so constructed as to 
reproduce speech with a high degree of perfection and 
with which provision may be made for modifying the 
speech in de^te and reproducible ways, affords a con¬ 
venient means for studying the capabilities of telephone 
circuits of different physicM performances. These 
investigations, however, are outside the puniose of this 
paper, which is to describe the new reference system and 
its application in making volume ratings. 

GEfiEBAL Requirements 

The outstanding conception of the new reference 
system is that its performance should be suitable to 
serve as a^reference base line for indicating the perfor¬ 
mance of all telephone circuits and that the transmitter 
and receiver elements of the new system should provide 
similar base lines for the performance of ^ectrff-acoustic 
converters. To meet these needs properly, the per¬ 
formance of the system and its parts shoiild be capable 
of being measured and definitely specified in terms of 
physical quantities. 

The most important requirement, then, for the refer¬ 
ence system is that the physical perfommnce of the sys¬ 
tem and of its component parts should be capable of 
being measured and definitely specified in terms of 
physical quantities. 

The second main requirement is that specifiable and 
predeterminable changes can be made with respect to 
*the performance which is selected as the reference. 
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paratus and drcuits used. The performance of the *These changes must be capable of varying the relation 
elements of the electrical portion of the system could be between the loudness of the. reproduced sounds with 
checked by voltage, current, and impedance measure- reject to the initial sounds, the distortion of the wave- 
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shape of these reproduced sounds, and also the amount 
of noise accompanying these reproduced sounds. 

For convenience in specifying these requirements, it 
has been found desirable to impose another require¬ 
ment; namely, that the system be capable of giving a 
performance which is as free as possible from distortion 
and noise. This requirement is also of advantage in 
insuring that the reference system and its parts will have 
less distortion than any circuit or instrtunent with which 
it may be compared. 

For convenience in use, it is highly desirable that the 
performance of the‘reference system and its parts be 
constant for a reasonable time under normal operating 
conditions. 

Description of Masier Reference System 

The master reference system* employs a transmitter 
and receiver which are capable of a high degree of free¬ 
dom from distortion. The transmitter is of the con¬ 
denser type‘ and the receiver is of the moving coil t 3 rpe.® 
Both these instruments are materially lower in efficiency 
than commercial types of apparatus, but this condition 
is compensated for by the use of multi-stage vacuum 
tube amplifiers. These instruments, together with their 
associated amplifiers, constitute reference standards for 
converters between acoustic and electrical energy. 
The third necessary element of a telephone transmis¬ 
sion system>—namely, the line,—is provided by a net¬ 
work of resistance elements. Such a line can be made 
to provide uniform attenuation over.a wide frequency 
range, ^d can be made to control the magnitude of this 
attenuatfon over a large range. This line is taken as 
giving a reference performance for lines.. 

The specification of the performance of such a syretem 
is based on the principle of the thermophone, which is a 
coiiverter of electrical energy into acoustic waves by 
means of the heat generated by the passage of an elec¬ 
trical current through a resistance. From a knowledge 
of the form and physical constants of this resistance 
element, of the medium in which it is used, and of the 


the relation of the pressure generated by the receiver in 
the coupler to the voltage input to the receiver. The 
performance of the line element .is determined by well- 
known means. The performance of the whole system 
can then be expressed in terms of the pressure produced 
by the receiver with respect to the pressure on the dia¬ 
phragm of the transmitter. • • 

The performance of this system is practically free 
from distortion for the energies which it is required to 
handle, and probably materially excells in this respect 
that of any previous system. With this system, 
volume relations between output and input sounds can 
be varied over a wide range with practically no accom- 
panydng distortion. In comparing such a system, how¬ 
ever, with commercial systems it is advantageous also to 
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be able to control distortion. This is particularly the 
case when using the instruments of the master system for 
rating the volume efficiency of commercial types 
of transmitters and receivers. To facilitate this, 


arrangements are made for the introduction into the am- 
electrical input to the element, the acoustic pressure' plifiers associated with the transmitter and receiver, o 
generated in a chamber of known size can be deter- networks which may be designed to give a variation of 


mined by theoretical considerations.® The perfor¬ 
mance of the condenser transmitter is determined by 
Tcaking its diaphragm a wall of a simple closed chamber 
in which the thermophone is placed. By this means a 
known pressure wave of any frequency over the range 
deared can be impressed upon the diaphragm of the 
transmitter. The voltage output of the transmitter 
for a specified circuit condition is then measured. From 
this measurement the ratio of the voltage output to 
the' acoustic pressure on the diaphragm is established 
for that instrument and cibcuit condition. With 
the performance of the transmitter thus estab- 


efficiency with frequency which corresponds to that 
obtained with commercial apparatus. These networks 
and their distortion effectcanof coursebedefinitelyspeci- 
fied. The line element of this master system can be 
replaced by a line or network giving any type of dis- 
torfion desired. Also, known amounts of ex^neoiK 
currents to produce noise can be introduced into this 
drcait without otherwise appreciably affecting its per¬ 
formance. 

The master reference system with associated calibra¬ 
tion apparatus is shown in Fig. 2. This equipment, 
mounted on steel panels and racks, and arranged as 


lished) the pafforaiance of the receiver element of the^ shown,’ is installed in a room, gelded from acoustical 
reference system is measured by acoustically coupling • and electrical disturbances, at the Bell Telephone 
the receiver to the condenser transmitter, so that the Laboratories in New York City. In Fig. 2 the trans¬ 
receiver actuates the transmitter, and then determining mitter, line, and receiver of the reference system are 
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shown on the three racks at the right. The calibration 
apparatus, consisting of an oscillator, thermophone, 
vacuum tube voltmeter, and volume indicator are shown 
on the other three racks. A schematic diagram of the 
master reference system is shown in Fig. 3. 

Fig. 10 shows, for particular amplifier adjustments 
the frequency response characteristics of the reference 
transmitter, reference receiver and the complete refer¬ 
ence system with 0 db. in the line. The characteristic 
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of l^e reference transmitter and also of the refo-ence 
receiver in each instance is that of theinstrumentand asso- 
dated amplifier combined. However, as the frequency 
response of each of the amplifiers is uniform within 2 db. 
from about 50 to 10,000 cycles per second, the curves 
shown are essentially the calibrations of the instru¬ 
ments determined as described above.' 

APPUCATION op THE SYSTEM 


telephone administrations. In 1926, at the invitation 
of the C. C. I., representatives of the Bell System met 
in London with a committee appointed by the C. C. I. 
to consider the adoption of a transmission reference 
s 3 rsteme This committee recommended that the C. C. I. 
adopt as their master reference system one essentially 
the same as the one described in this paper, and that 
such a system, which would be a replica of one in New 
York, be installed in Paris in the laboratory of the 
C. C. I. and be known as the European Master Refer¬ 
ence System. This recommendation was adopted bjv 
the C. C. I. 

Subsequently, some improvements were made in the 
system, and two duplicate systems, each with its 
associated calibrating apparatus, have been constructed. 
One of these is now in the Bell Telephone Laboratories 
in New York and the other in the laboratory of the 
C. C. I. in Paris. The C. C. I. further recommended 
that primary and working standard systems, used in 
the telephone administrations adhering to the C. C. L, 
be calibrated in terms of the Master Reference System. 
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The results of articulation tests over the master 
reference system when adjusted for optimum volume 
are practically equivalent to those obtained in direct 
air transmission in a quiet room. This system and 
replicas of it are particularly adapted for use in making 
articulation studies, since they provide an approxi¬ 
mately ideal system with which the loudness of the 
output sounds can be varied distortionlessly over a 
wide range and in which distortion networks of various 
types and controlled amoxmts of noise can be intro¬ 
duced. In this way the effects on articulation^of 
various kinds of physical performance of a telephone 
circuit can be investigated. 

The master reference system itself will be used 
chiefly for the importot work of rating working 
standard systems and instrumenis. 

European Master Refesience System 
In Europe, the recommendation of technical 
standards for telephonyis a function of the Comity 
Consultatif International des Communications Tele- 
phoniques a Grande Distance (C. C. I.), which is com¬ 
posed of representative of the various European 



Pig. 3—Response Characteristios op Reference Trans- 
MiTTBH, Reference Receiver and CoMPUjiTE Rtsferenob 
Stbteu with 0 db. in the Line 

The establishment of thee two master systems insure 
the use of a conamon base line for the p-Yprassion of 
transmission (standards, and for the ratings of the 
transmieion performance of telephone-Kjircuits in the 
two continents where the telephone system has had 
its greatet development. 
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Shielding in High-Frequency Measurements 

BY JOHN G. FERGUSON* 
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Synopsis^ —The purpose and usefulness of shielding in high- tied applications of these principles to the shielding of adjustable 
freguency measurement are outlined, Qenerd principles of electro^ ■ impedancoSf and in the construction of adual bridge circuits are 
static shielding are developed as applied to simple impedances and described. 

to networks of impedances, particularly to bridge networks. Pracr , *♦**• . ^ 


Introduction 

HIELDING of high-frequency measurement ap¬ 
paratus has for its imme^te object the control of 
certain electromagnetic and electrostatic couplings, 
unintentiohally.intro'duced in the usual high-frequency 
circuit. These couplings are represented by stray ad¬ 
mittances between tiie various parts of the system, 
either direct or to groimd, and mutual impedances re¬ 
sulting from stray magnetic fields. In general, the con¬ 
trol of these "couplings is exercised Tor the purpose of 
attainfhg an accuracy of test that cannot be obtained 
so readily in other ways. 

It may be argued that by extensive separation of the 
physical parts of circuits and apparatus, any couplings 
may be decreased in value, and in consequence errors 
caused by them can be reduced, thus eliminating any 
need for shielding. But there are obvious limits to the 
extent to which this method can be employed practi¬ 
cally. In the case of electrostatic coupling.to groimd, 
it* is scarcely of’any value, and in any case, excessive 
separation of the parts of a dreuit introduces otiier 
errors (Jjie to the length of the wiring involved. Ac-, 
cordingly, it fe usually necessary where the maximum 
accuracy is desired, to have recourse to shielding.. 

PRINCaPIiES OP ELBCTROMAGNETTC SHIEiiDING 

The necessity for electromagnetic shielding is limited 
practically to wound apparatus such as coils and trans¬ 
formers. It may be reduced to a miniihum by using 
high permeability core material wherever possible in 
coils and transformers» by using some form of 
closed core such as the toroidal type. By these means 
stray fields may be reduced fo a relatively low figure. 

1. Telephone Eng^eer, Bell Telephone Laboratories, New 
Tork,N.T. ' _ • 

Part s of a Symposium of six papers oh Shielding in Bleotrioa* 
Measurements. 

Presented at the Summer Convention of tha A. 1. E. E., Swamp- 
scoU, Mass., June e4-l»e,jm. Complete copies upon revest. 


However, there are cases where the remaining, coupling 
may be objectionable and it is then necessary to use 
shielding to reduce still further the amount of these 
stray fields. 

Two types of shielding may be used. A high pOTne- 
ability material may be used for the purpose of short- 
dreuiting the stray field. The prindples of this 
method of diieldmg are described fully in another pasper 
and will not be considered further here. 

In the case of air-core coils, which are often of the 
solenoidal type dnee the advantage of using tiie toroidal 
form is less in this case, and for coils used at very high 
frequency where heavy magnetic material is not so 
effective, shields of non-magnetic material may be used 
to confine the field by the effect of eddy currents. For 
these shields, a material of high conductivity is used, , 
usually copper, and the prindpal consideration is the. 
spacing of the shield from the coil rather than the 
thickn^ of the shield itself. 

There is always a loss in effidency due to the losses 
in the shield, and this loss is greater the doser the 
shield is placed to the coil; that is, the stronger the field 
in which tihe shield is placed. However, even with 
solenoidal air-core coils, very effective shielding may be 
attained by moderately thick copper shields, spaced 
about the distance of a diameter from the coil. 

* Principles op Eieoteostatic Siublding 

In both theory and practise, all measurements Msume 
that between different terminals or junction points of 
the S 3 rstem there are impedances having values known to 
a degree of definiteness condstent with the accurad^ 
sought in the test. In an unshielded circuit, it will 
generally be the case that the elemeats connected by tte 
various terminals or junction points will not provide 
impedances so definitely knovfti; or, in other wdrds, ^1 
not carry aU of the current flowing between the points 
in question. 

ResisUyrs. In the case of the ample resistor such as 
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pictured schematically in Fig. lA, there are admittances 
from different parts of the conductor to other parts of 
the whole system and in particular to ground. These, 
of course, act to modify the effective impedance between 
the terminals and as they vary with the location of the 
resistor, the result'is that its effective impedance is 
variable and known only for the location in which it 
has been calibrated. One of the first objects to be ac¬ 
complished by shielding is to remedy this type of in¬ 
definiteness of value. This is done by mounting the 
elements within a shield of conducting material and in 
fixed space relation thereto, as shown in Fig. 1b. Thus, 
the circuit element has direct admittances only to the 
shield and as these are of fixed value the terminal to 
terminal impedance becomes independent of the loca¬ 
tion of the shielded element. 

If, then, we connect the shield to any fibced point in 
the circuit element such as one terminal, all of the cur¬ 
rent transferred by the shield admittances passes to or 
from the circuit at this particular point. This concen¬ 
tration of admittance enables the ready evaluation of 
the effect produced by it when the element is used in 
-conjunction with others in a complete measuring 
system. We may summarize all of this to form a fun¬ 
damental rule of shielding; viz., “the association of an 
element of a system with a shield so that all admittances 
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from the element to other parts of the sjrstem or to 
' groimd are confined to one terminal.” ^ 

Series Impedances. In the case of two impedances 
in series as shown in Fig. Ic, shielding may be accom¬ 
plished by connecting one shield to terminal A and the 
other shield to B. In addition to the effects described 
for a single impedance there will then be admittance 
between the two shields which will depend on the posi¬ 
tion of the apparatus. This atoittance is slightly 
more objectionable than admittance from shield to 
ground, since while we may ground either A or B, there 
will always be an admittance from one shield to ground 
which will be variable. 


The shields may also be coimected as shown in Fig. Id, 
in which case the admittance between shields appears 
across the first impedance. If now we extend the shield 
connected to A to include the other shield as shown in 
Fig. lE, we have introduced a fixed admittance across 
A C and have variable admittances to ground from A. 

If this combination of impedances can be grounded 
at A, we have a -complete system having no variable 
admittances. The principle may be extended to in¬ 
clude any number of series elements, the effect being to 
place admittances across all of the elements but one, and 


B 



Fig. 3—Bridge Network Using Shielded Impedances 

to enclose the whole ss^stem in one outer shield. Such 
a system for five elements in series is shown in Fig. iP. 

Parallel Impedances. The shielding of parallel im¬ 
pedances is comparatively simple, since any number 
may be shielded individually and the shielding all con¬ 
nected to the samepoint. If they are nof shielded from 
one another there will be distributed adrpittances 
between them which may cause errors. ^Preferably 
each should be shielded in^vidually. 

By following the procedure outlined above, it is com¬ 
paratively simple to apply shielding to any combination 
of impedances in series or in parallel in such a way that 
we will have all admittances to external conductors 
from the shielded elements concentrated at terminals 
or junctiop points of the system. 

Circuit Shielding. In many cases it is impossible’to 
connect the above combinations in a given circuit so 
that the outer shield is grounded. In such q^es it is 
necessary to determine from the position of the net¬ 
work in the system the effect of admittances from the 
shield to other shields gnd to ground. To illustrate, let 
us take the simple bridge circuit shown in Fig. 3. The 
four impedances constituting the arms each may be 
considered as any combination of individual impe¬ 
dances. With the shields connected as ^own, the total 
admittances are reduced to three; between B and D 
and from B and D to grormd. These admittances do 
not affect the bridge balance and, therefore, are not 
objectionable. However, if we add input and output 
circuits and follow the same system of shielding, we get 
^the result sEown in Fig. 4. In this case it is impos- 
^sible to concentrate all of the admittances at B and D. 
Neglecting for the present the ground at D, we have 
added variable admittances from A to B, to D and to 
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ground. The only way of overcoming this diflBculty 
is to use double shielding as shown, adding an outer 
shield to the impedance across A C and connecting it to 
D. This puts a fixed admittance across A D, but as we 
have not made any distinction between the f«ur arms 
of the bridge, this admittance may generally be placed 
across an arm where it can be taken care of satisfac¬ 
torily. If in addition we ground D, the admittances 
reduce to a single one from B to grotmd. 

Admittance to Ground oj Unknown Impedance. From 



Fig. 4—Completely Shielded Bridge Network 

the above it would appear that the general bridge dr- 
cuit is susceptible of a simple complete solution, since 
the shielding shown in Fig. 4 is equally applicable to all 
cases. This would be true if the unknown impedance 
to be measured in the circuit had no admittance to 
ground. T^is is usually not the case. We generally 
have an additional requirement, thS.t the potential con¬ 
dition with respect to ground of the impedance during 
the measurement be defined in some way. 

If the impedance can be connected across one arm 
of the bridge and its value is desired with one terminal 
grounded, the circuit shown is satisfactory. However, 
these are special conditions, and where the impedance 
to be measured forms only part of the total sotcs im¬ 
pedance of an arm, or where the potential requirements 
are different, such as the requirement that the coil be 
measured with* its to'minals at equal potential to 
ground, the bridge shielding becomes a more serious 
probleqi. 

In general, the question of selecting the most suitable 
system of electrostatic shielding for a specific test cir¬ 
cuit, resolves itself into a determination of the most 
advantageous location of the admittances which, as 
described above, have been arranged Jo terminate at 
certain termipals or junction points. The facts which 
need to be taken into consideration are usually so 
varied that no general rules can be ^tabli^ed. A few 
typical examples in which shielding is applied with con¬ 
siderable success will, therefore, be taken and the selec¬ 
tion of suitable shielding for these circuits discussed. 
p.YAMPT'V'S OF Electrostatic Shiblding ^ 

AdjusUihle Remtor, An adjustable resistor usually 
takes the form of a dial box in which there are from one 
to six dials arranged in series in decade formation. 


Each decade considered by itself is no more difficult to 
shield than a single resistor. The admittance of the 
shield, however, has a different effect at each step which 
means that the phase angleVaries with the setting of the 
dial. If the admittance to the shield is small, this 
effect will not be very great and ii^any case it is always 
the same for a given setting and hence may be included 
in a calibration. 

In shielding several decade in smes, admittances 
between decades are introduced. Effects due to these 
admittances can be taken care of completely by the use 
of nested shields as already shown in Fig. Ip. For 
a resistance box of five or six dials, this type of shielding 
becomes prohibitive from a size and cost standpoint 
and in consequence such shielding is usually not at- • 
tonpted. The use of a angle shield fonall decades of a 
resistor*means that the impedance of two or more dial 
settings is not exactly equal to tiie sum of the im¬ 
pedances of each setting by itself. If the difference js 
appredable the only alternative to the eiqiensive type 
of shidding mentioned above is the use of a calibrated 
value for every combination of dial settings. This 
error in additions is smaller the lower the resistance, and 
usually may be neglected for values below 100 ohms. * 

In the actual construction of such a resistor it is 
essoitial that the shielding be complete, particularly at 
the dials. Since the effect of the hands in operating the 
dials is more valuable than any other coupling, it is of 
very little value to place an unshidded dial bo:^ in a 
metal shield which allows admittance from the hand of 
the operator to the circuit. 

AdjusUibU Inductor. The same considerations apply 



Fia. 6 t—Thbbb-Dial Shibldbd Adjustable Inductob 

to an inductor as to a resistor except that on account of 
the larger physical size of the former, larger admttanc^ 
are associated with it and for that reason it is usually 
necessary to use nested shields. Fig. 6 shows a ^and- 
ard inductor consisting of three decades and an induc- 
tometer using four shidds. The three top pands have 
been removed showing the method of nesting the 
shields, and the construction used to bring the dial con¬ 
trols through the shidds. 

The admittance between shidds is considerable, but- 
due to the method of constiuction, the largest admit- 
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tence is across the smallest inductance and there is no 
intershield admittance added across the highest decade. 
Accordingly, the effect is not so sotous as might be 
thought at first glance. 

Adjustable Capacitor. The units of an adjustable 
capacitor are practicj^ly always connected in parallel 
and the problem 0 / shielding them is that of shielding a 
single capacitor. It is desirable to shield the decades 
from each other if the capacitances are small as this 
facilitates calibration and is easily effected. Where the 
capadt^ce is large,—say over 10,000 n fi f.—this 
precaution is tmnecessary. 

I Bri^e Circuits. The general principles of bridge 
shielding have been discussed by Campbell’ and Ihe 
equal mtio-arm comparison bridge has been discussed 
in detail by Shackelton.< The mechanical construction 
of the bridge itself exclusive of standards is simplified 
by the fact that there are comparatively few dials to be 
brought fhrough the shielding. 

This bridge with the standards described above may 


while the resistance requires only a ground shield. 

Another bridge circuit which is interesting from the 
shielding point of view is the Owen bridge.® A de¬ 
tailed discussion of the shielding involved in this type 
of bridge is contained in a previous paper by the 
present author." 

Details of Construction. So far, we have discussed the 
admittance introduced by the shielding without going 
into details as to the form which this admittance takes, 
although it has been bjroadly assumed that it is princi¬ 
pally due 4x> capacitance. Since i^ generally forms atf 
integral part of the measuring circuit, if is obvious thaf . 
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Pig. 7— Shzeldsd Hebonancs Bridge Network 

be used for a wide variety of measurements. A rath^ 
simple modification is the so-called resonance bridge, in 
which the bridge unit is an equal ratio-arm comparison 
fypc» and a resistance is balanced in one impedance 
arm against a capadtance and an inductance connected 
in series in Ihe other impedance arm. The balance is 
usually effected by adjusting the resistance and ca¬ 
padtance. 

The shielded circuit of such a bridge is shown inFig. 7. 
The capadtance from C to D introduced by the shield¬ 
ing may be compensjited for in the usual way by the 
addition of an equal capadtance across A D. In tiiis 
circuit, the coil is usually measured under the condition 
of one terminal at ground potential. Thus, D is shoVSn 
strapped to the ground shield. For this case, the shield¬ 
ing may be simplified condderably. Fig. 8 shoiro the 
mechanical construction of the combined redstance 
and capadtance standard used with«the bridge unit for 
these measurements. The miit is shown with the top 
of the outer shield removed. The capadtance, in ac¬ 
cordance with the shielding diagram, is double shielded, 

— • It 

3. G. A. Campbell, “The Shielded Balance,’* Electrical 
World and Engineer, April 2, 1904, p. 647. 

4. W. J, Shaekelton, A Shielded Inductance Bridge, 
A. 1. E. E. Journal, Peb. 1927, 



Pia. 9 —Shicildbd Comparison Type BniDaB, Top Pansl 
’ Removed 

as much consideration should.be given to it as to the 
r^t of the circuit. While the admittance is due essen¬ 
tially to capadtance, the necessary supports introduce 
a^ ceitam amount of conductance which causes some 
dMculty in obtaining compensation. 

For instancf^ in the typical equal ratio-arm bridge 
circuit where the admittance across on§ arm requires 
compensation in the other arm, it is a simple matter to 
use an adjustable condenser for the cdnpensation of 
capadtance. However, if the conductance is left 
imcompensated it may cause considerable error, par- 
ticularly in the measurement of high impedances at 

f Bridge for the Measurement of Self Indue- 

Jjance, Proc, Phya. Soc, London, Ootobw, 1914. 

6. J. G; Ferguson, “Measurement of Inductanoe by the 
Shielded Owen Bridge,” BeU Sys. Tech. Jl, July, 1927, pp, 376- 
386. 


S- ' i :.Ai 








<9 


July 1929 


COATES: HiaH-FREQUENCY PORTABLE TOOLS AND EQUIPMENT 


high frequencies. For this reason, it is desirable that all 
shields be supported by insulating material of the 
highest quality such as hard rubber, glass or quartz and 
that only the minimum amount necessary for satis¬ 
factory mechanical support be used. * 

It will be noticed in Fig. 4 that the wiring is shielded 
by brass tubing. I’his shielding is insulated from the 
conductor by means of bushings, aPnly enough being 
used to insure that the conductor and shield do not 
change their relative positions with respect to each 
* other. The insuip,ting bushings used most generally 
are either har<f rubber or glass beads. 

Even after taking these precautions, it has been found 
necessary for the highest precision work at the hipest 
frequencies, to introduce a conductance compensator in 
tiie form of a small adjustable condenser in which the 
dielectric is an insulating material such as phenol fiber. 
By this means the amount of conductance in one arm 
may be varied to obtain correct compensation. The 
balance once obtmned, does not vary app^ciably with 
frequency. 

Conclusion 

It has been impossible to go into very great detail 


in this brief paper on the subject of shielding. The at¬ 
tempt has been made, therefore, to outline a few general 
rules and to give representative examples of t 3 rpical 
measuring circuits. It will be noted that the examples 
have been limited largely to the bndge circuit. This is 
because oxir experience has showntjiat this circuit is the 
most flexible and accurate over the whole of the fre¬ 
quency range over which precise impedance measure¬ 
ments have been made, and because the problems of 
shielding it are sufficiently difficult and varied to give 
satirfactory examples of the solution of rather com¬ 
plicated problems. The principles of shielding given 
have been found to apply equally well at all frequen¬ 
cies and it has been found that up to the maximum 
frequency at which precision measureqjients have been 
made, the shielding methods developed for use with 
moderate frequencies require practically no modification 
as the frequency is increased. Experience with mea- 
surements’and measuring circuits up to 2000 kilocycle, 
makes it appear probable that when precision measure¬ 
ments are made at still higher frequaicies, the shielded 
bridge circuit will continue to remain the most satis¬ 
factory measuring circuit. 


Abridgment of 


High-Frequency Portable Tools and Equipment 


BY C. B. COATED 

Member. A. 1. E. E. 


Synopsis,—Thia paper presents practical iftformcMon regarding 
the application of highrfreguency {ISO^cycle^ induction motors with 
low^esisiance rotors to portable electric tools. 

In order to compete with existing tools it became necessary to 
increase the rotor speed above 60 cycled, and 180 cycles per 
second was adopted as commercially practical. Several advantages 
are shown. Due to a smaller drop in speed with this type of motor 


than with the direct current and the universal motor, greater power is 
developed. Because of better speed regulation the life of the cutting 
tools is longer. Less weight and lower maintenance costs result from 
this application. 

Several new tools for special work are described. The desirable 
regulation of the frequency converter or motor-generator is given Ob 
not exceeding 8 per cent. 


Older Types op Tools 

T he application of the term “high-frequency” to 
portable tools and equipment is no doubt a 
misnomer in view of the extremely high radio and 
other frequencies generally understood to come within 
the scope of this term. As a matter of fact, the fre¬ 
quency now generally employed in go-called high- 
frequency po^ijjnble tools is only three times the usual 
commercial frequency of 60 cycles per second. How¬ 
ever, as the name has come to be quite generally ac¬ 
cepted as applied to this class of tools, it will be used 
here. 

Electric drills of the portable type were introduced 

1. TniAAtriftn.! Bugiueer, Chicago Pneumatic Tool Co., Clevgr 
land, Ohio. • 

• Preaented at the Summer Convention of the A. J. E. E,, Swamp- 

ecott, Afaee. Complete copies upon regueet.- 


over 25 years ago and to conform to the prevailing 
conditions in the industrial plants at that time were 
wound for operation on direct current. These tools 
were generally series-wound, but several years later 
the larger sizes were compound-wound to give better 
sp^ed regulation, which means higher armature speed at 
full load with limited free speed and consequently, 
greater brake horsepower. 

A few years after the introduction of the d-c. drill, • 
a-c. drills were developed. These were built to operate •* 
on 60 cycles and other prevailing frequencies such as 40 
and 26 cycles. They of course had good speed regula¬ 
tion, but the weight, due to lower rotor speeds being 
limited to 3600 rev. per min. at 60 cycles and corre¬ 
spondingly less for the lower frequencies, was somewhat 
of a drawback. 

About 1908 the now well-known universal drill was 
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introduced and has met with great favor on account of 
its ability to operate intCTchangeably at practically the 
same speeds on either directdor single-phase alternating 
current of a given voltage. The universal tool is 
series-wound with the typical series motor speed regula¬ 
tion, however. •, 

^ile the falling off in speed under load was con- 
sidei’ed to be of advantage in some classes of work, it 
has now been demonstrated that due to the accomplish¬ 
ment of a greater amount of work, sustained speed 
of the induction motor is generally preferable. This is 
particularly true of portable grinders as will be shown 
later. 

It is quite obvious that due to the absence of com¬ 
mutator and brudies, as well as the insulated armature 
winding, the polyphase induction-motor toolhas distinct 
advantages over the d-c. and rmiversal tools, both as re¬ 
gards speed regulation and lower maintenance costs. 
0ne factor which has retarded its adoption, however, 
has been its greater weight due to the low rotor speed on 
commercial circuits of 60 cycles or less. All electric 
tools d-c., universal, and polyphase a-c., have always 
had the handicap of weight as compared with pneumatic 
tools, except at the sacrifice of sturdiness. Neverthe¬ 
less, on account of the more convenient source of power 
supply many users have put up with the greater weight 
of the electric tool. 

. Ill order to reduce the weight of the induction-motor 
tool it is evident that we must bring the rotor speed up, 
and we can do this only by increasing the frequency, 
since the 60-cycle drills were practically all provided 
with the minimmn n\imber of poles. The s 3 mchronous 
speed of a two-pole 60-cycle motor is 3600 rev. per mm., 
whereas the d-c. and universal tool motors have free 
aimature speeds of from 8000 to 16,000 rev. per min. 
• and even higher in some of the smaller sizes. Under 
•load these armatures slow down nearly 50per cent which 
still leaves a speed higher than that of the 60-cycle 
motor. 

High-Frequency Tools 

A frequency of 180 cycles per second was adopted for 
the high-frequency portable tools, which gives a sjm- 
chronous speed of 10,800 rev. per min, in the two-pole 
motor used. This is considerably less than the average 
free speed of the d-c. or universal tool, which is very high. 
This means longer life for the bearings which are 
generally of the ball type. The slip under normal full 
load is from 8 to 10 per cent, giving an average loaded 
speed of about 9800 rev. per min., which is much higher 
than the load speed of the d-c. or universal tool with its 
toge speed drop. This, of course,.means more power 
with a given size of rotor. 

Several factors governed the selection of a standard 
frequency for these tools. Since it \tos necessary to ob¬ 
tain spiiidle speeds whicK* would conform to the modem 
cutting tools for the drills, reamers,, and abrasive 
wheels, there must be a point where the reduction in 
weight of the motor due to higher frequendes wou]^ be 


more than offset by the greater weight of the geanng 
required to obtain the necessary spindle speeds. From 
J;his point of view, the desirable frequency was foimd to 
be in the neighborhood of 180 cycles per second. 
Troubldfe in ball-bearings and difficulty of lubrication at 
high speed is another limiting factor, although improve¬ 
ment in both directions indicates the possibility of still 
higher frequencies.. 

Thus the high-frequency tools meet the requirements 
of intensified production in modem industry where port¬ 
able tools are crowded to the utmost and in many cases' 
get very little care. The outstanding Advantages due 
to this application are: 

I. Greater increased power for the same weight, due 
• to the higher loaded speeds of the rotor. 

II. Reduced wei^t for a given power output. 

III. Practically constant speed at all loads (8 to 10 



Fig. 2—Comparison op High-Frequency and D-c. Reamers 

Curve l is brake horsepower of hieh-frequoncy reamer 
Curve 2 is brake horsepower of d-c. reamer 
Curve Ia is speed of high-frequency reamer 
Curve 2a is spe^ of d-c. reamer 

per cent slip) which results in the accomplishment of 
more work. 

rv. Maintenance cost greatly reduced. 

In order to give comparisons with other types, a con¬ 
crete example of the increased power and better speed 
regulation of the high-frequency tool is shown in Fig. 2. 
Here the actual watt input is plotted as the abscissas 
against brake horsepower in curves No. 1 arid 2 and 
against the spindle rev. per min. in curves 1-A and 2-A. 
Curves 1 ancj. 1-A show characteristics of a high-fre¬ 
quency reamer weighing 60 lb. while 2 ^d 2-A are the 
corresponding curves of a d-c. reamer which weighs 68 
lb. or 36 per cent more. The normal load rating of the 
hi^-frequency reamer is 5300 watts input, at which 
point it develops 6.35 hp.-at 280 spindle rev. per min., or 
with a slip of 6^ per cent. The normal load rating of 
the d-c. reamer is 3600 watts at which point it develops 
^.6 hp. and 2fe5 rev. per min., representing a slip of 66 
per cent. It will be noted that the reserve power above 
normal full load of the high-frequency tool is large as 
compared with the d-c. tool. The.annature (exclusive 
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of shaft and the ventilating fan) of the d-c. tool weighs 
2}4 times as much as the high-frequency rotor. 

Ilg. 3 is the detail curve of the high-frequency reamer 
shown in the previous curve. Note the well sustained 
speed at maximum hp. and torque the slip being 16 per 
cent; also the high power factor. 

A cast rotor of relatively low resistance is used in these 
tools, which gives close speed regulation. When they 



Fla. 3 —ChABACTEMSTICS of LaEQB HiaH-PBEQUENCY 
Reamer 


were first ppt on the market it was thought that the 
smaller tools would be required wifii considerable speed 
variaT;ion, and a rotor wound with bare copper wire was 
used making it possible* to wind rotors of high or lower 
resistance as desired. This practise has been discon¬ 
tinued in favor of the low-resistance cast rotor, but a 
comparison of the characteristics of a small 5/16-in. 
drill with high-resistance rotor will be interesting. 

This drill had a slip of 76 per cent with the torque at 
the spindle very close to the maximum. The maximum 
brake horsepower was reached at about 30 per cent slip. 
With a low resistance jotor in the same stator a slip of 
31 per cent was obtained at the same watt input which 
gave 7§ per cent slip with a high-resistance rotor, and the 
maximum horsepower was developed at 8 per cent slip as 
against 30 per cent. The maximum brake horsepower 
was also 12 per cent greater, with the low-resistance 
rotor, these differences being due to difference in rotor 
resistance. ^ 

Perhaps one of the most outstanding examples of the 
advantages ol high-frequency tools is to be found in the 
portable grinder and buffer. Here the great advantage 
of sustained speed is very pronounced. The cuttog 
wheel can be operated at the proper and most efficient 
speed without having to allow a hi^ and dangerous 
free speed, as is the case with other types of electric and 
some air grinders. In addition to obtaming the m<%t 
efficient cutting speeds for the wheels, the wheels them¬ 
selves give practically double the life at the sustained 
speeds. . 


Pig. 5 shows the curves of several types of electric 
grinders, eadi having the same weight. The spindle or 
arbor rev. per min. are shovm as the abscissas plotted 
against the hp. 

Curve 1 is of a geared grinder with universal motor 
and the armature running abouit’tbree times as fast as 
the spindle. Note the extremely high no-load speed of 
6200 rev. per min., and the speed of 2000 rev. per min. 
at maximum hp. 

Curve 2 is of a geared compound-wound d-c. grinder. 
The effect of the tiiunt winding is made apparent in the 
reduced no-load speed. We also have a greater wheel 
speed at maximum hp. 

Curve 3 is of a two-pole 60-cycle iliduction-motor 
grinder without gearing. The synchronous speed is 
3600 rev. per min. Here we have good speed regulation 
and, of course, the absence of gearing is an advantage in 
that it permits of a larger motor for the same total 
weight of £he tool. 

Curve 4 is of a high-frequency grinder geared slightly 
less than three to one so that the free speed is about 
3800 rev. per min. This has good speed regulation and 
very much more power due to the high rotor speed at 
full load. This is the only grinder of the group that will 
successfully carry a six-inch abrasive wheel at proper 
speed and with sufficient power behind it. The rubber- 
bonded wheels which permit of a peripheral speed of 
10,000 ft. per min. can of course be taken care of by re¬ 
ducing the gear ratio and increasing the arbor speed of 
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Fia. 5 —Comparison op Bebctric Grinders of Pour 
Different Types 

All these grinderB have the same weight 

Curve 1—Geared universal-motor grinder 
Curve 2 —Geared compound-wound d-c. grinder 
Curve 3—Gearless 60-cycle induction-motor grinder 
• Curve 4—Geared high-frequency grinder 

the high-frequency tool or by using a larger diameter of 
wheel with the ratio shown. 

Just as sustadnad correct speed makes for longer wear 
of grinding wheels and abrasive disks, so does it also 
give long life to reamers and drills. In reaming through 
a considerable thickness of steel when much metel is to 
be removed, a tool having grfeat speed variation is apt to 
produce a clogging of thereamer at extremely slow speeds 
• and burning when the load is lessened , with the reamer 
styiinthehole. 
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A very striking example of the effect of nearly con¬ 
stant speed in increasing the life of the reamer was ob¬ 
served in a bridge fabricating plant with a 50-lb. high- 
frequency tool, having a synchronous speed of 300 rev. 
per min. The holes were punched 11/16 in. and reamed 
to 16/16 in. through'assembled plates varying in group 
thickness from IJ^ in. to 3?4 in. Over 3000 linear 
inches of this reaming was done with one reamer without 
regrinding. This was at a reaming rate of 3.7 in. per 
min., including the time of changing from hole to hole. 

As an example of reaming 16/16-in. full-punched holes 



Pia. 8 —^High-Pioiqtienct Nut Runner with Cushion 

Clutch 

in deck plates on ship work, a high-frequency reamer of 
300 rev. per min. synchronous speed reamed 100 holes 
in 9 min., which was 39 per cent faster than with a 
compound-woimd d-c. reamer weighing 40 per cent 
'more. 

' In the drilling of metal it has been found that high- 
frequency drills selected as to proper speed for the size 
and nature of the holes to be drilled will do the work ih 
• one-half the time required by the d-c. or universal drills 
urith their greater speed variation. 

So much more work can be accomplished with the 
hi^-frequency tool that large numbers of the older 
types of tools are being discarded. Manufacturers are 
recognizing the rapidly changing conditions and are 
willing to scrap the earlier tools to invest in the new 
equipment necessary, in the shape of frequency coh- 
verters or motor-generator sets and new wiring in order 
to gain the advantages of mcreased production. Due 
to the transformation to the high-frequency current the 
cost of power is somewhat more but the individual 
efiSciency of the tools is higher than in the old types of 
tools. As the cost of current in many industries is only 
about one-twentieth of the cori; of production labor, the 
great increase in productive capacity made possible by 
the hi^-frequency tool compensates many times for 
the slif^t increase in-cost of current. 

. '^e outstanding advantages of high-frequency tqols 


have been so appar^t that new applications have been 
springing up mth great rapidity. A few of the tool 
types and their applications will be described in the 
following paragraphs. 

Fig. 8 shows a nut runner for coimterbalanced sus¬ 
pension, equipped with a cushion clutch which is ad¬ 
justable for various sizes of nuts. This clutch which has 
multiple jaws, releases at a predetermined load and can¬ 
not drop into engagement'again until the completion of 
one full revolution. The jaws are quite shallow and 
there is considerable angular clearance between the' 
interlocking faces, so that when they drop in after 
having released, the driving faces come together with 
considerable speed and due to the yielding effect of the 
spring which holds them»together, they ride up and out 
of contact with practically no shock to the operator or 
tool. 

Fig. 9 shows a large reamer weighing 60 lb. and 
handled in most cases by two men. This is capable of 
1-5/16-in. reaming in steel at a very rapid rate. 

Fig. 10 riiows a tool for driving screw studs and at the 
same time indicating their tightness. The tool is 
carried in a radial arm which is very flexible and serves 
to take the torque and support the weight of the tool., 
It has been the custom in putting in screw studs to drive 
them part way mechanically and .then use a double 
ended wrendi to feel them manually for tightness. This 
vras a double operation and slow. 

In the construction shown the tool is free to turn on 
ball bearings around its spindle axis through an,angle 
of 20 deg. or 30 deg. and this movement is resisted by an 



Fig, 9—High-Frequency Reamer 
Capacity 1 5 /16 in., weight 60 lb. 

ft 

adjustable weight and lever arm. A so-called solid 
chuck is generally used which screws over the upper end 
of the stud and the tool must be revised to get it off 
after the stud is driven home. An automatic depth 
stop, set for the proper length of projection of the stud 
from the working surface, throws out the driving clutch 
and stops the tool spindle. The rairing of the LauH 
l^er at the ri|ht engages the reverse clutch and gearing 
mthetool. 

After the tool starts to drive the stud in the tapped 
hole, tihe torque developed tends to tiirn the housing of 
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tiie tool against the weight and lever arm shown in 
Fig. 10, and if this torque is sufficient to lift the weight, 
an electrical contact is made which causes a green light 
to appear indicating to the operator that the stud is of 
the proper tightness. In order to take earq of the 
danger of getting studs too tight, as in cast iron, a 
second weight and lever are supplied, cooperating with 
a red light to- indicate when the stud is going in too 
tightly. The excess torque causes "the second, weight 
to be lifted and the circuit for the red light to be com- 
.pleted. Current for the lamps is supplied through a 
small 4-volt transformer. * 

The radial arm ^own in Fig. 10 is also used to carry 
nut runners as shown in Fig. 8. This relieves the 
operator of the weight and all shock of driving even 
when the ordinary solid jaw clutch only is used. 

Fig. 11 shows a typical portable grinder for foundry 
and general grinding. This tool is also furnished with a 
self-contained angle-gear drive for operating renewable 
abrasive disks for the sanding of automobile bodies and 
similar work. 

There are many other tool applications which are 
modifications of those shown. Eight motor sizes com- 



Fia. 10 »—Hioh-Freotbnct Stud Setter Mottnted’on Radial 

Arm , 

prise the group of tools. Fig, 8*to Fig. 11, with a large 
number of gear ratios and mechanical combinations. 

SUPPLYIJTG THE HIGH-FREQUENCY ENERGY 
There are two well-known methods of transforming 
commercial current to high-frequency current, viz., tiie 
frequency converter and the motor-generator. 

The frequency-converter cdn only be used when the 
primary current is a-c. and consists of special windings 
in a slip-ring motor frame, the rotor of wjiich is driven 
backward, usually by an induction or synchronou* 
motor. As satisfactory tool operation depends on 
good voltage regulation, it has been the aim of the 
manufacturers to hold within 8 per cent voltage varia¬ 


tion, the full-load, voltage being 220. The frequency 
converter has an inherent regulation and the voltage 
at a given load varies only with the primary voltage. 

The motor-generator oi* alternator provides an en¬ 
tirely new current. The motor can be operated from 
either direct current or alternating current. If the 
latter, an exciter will be required for the generator 
fields. A regulation not to exceed 8 per cent is also 
desired with this set but it is possible to vary the voltage 
either manually or automatically by changing the field 
current of the generator. 

The current used for high-frequency tools is three- 



Fio. 11 —High-Frequency Grinder 
W heel 6 in. by 1in. 

phase and a cable with four conductors is provided with 
the tool, terminating in a suitable plug. The fourth 
conductor is grounded to the housing of the tool and the 
receptacle in the power line is grounded. This seems to 
have been satisfactory in the prevention of shocks from 
grounded windings. It has been suggested that a fourth 
collector ring be provided on the frequency converter 
or motor generator to connect to the neutral of the star 
connected windings and to ground. 

The high-frequency tool has withstood rigorous tests 
over a period of several years and those who are familiar 
with its capabilities cannot help but feel that it repre¬ 
sents the greatest advance made in portable took since 
their introduction. 

STREET LIGHTING FORMS AIRWAY * 
MARKER 

A new street lighting system has been installed on 
two conver^g streets in Cheney, Washington, so 
as to form an arrowhead of light, pointing in the direc¬ 
tion of Spokane. Aviators, when fiying at night from 
the West Coast to Spokane, are able to pick up the 
lights of Cheney and by following the direction of the 
guiding arrow, find it a simple matter to locate their 
d^tination at the large landing field at Spokane. 

*The new street lighting installation, designed and 
manufactured by the Westinghouse Company, was 
donated to the town by Mayor C. D. Martin, as a 
memorial to his father and mother who were pioneers 
in that communit;^. 

The system consists of 62 ornamental cast iron 
standards of the Arcadian design with Sol-Lux Lumi¬ 
naires equipped with Bi-lux refractors an<i 40p0-lumen 
lamps. The Bi-lux refractors, by providing a sym¬ 
metric distribution of the light, fiood the streets with a 
brilliant illumination readily discernible from a high 
altitude. 

* 






Electric Welding 


ANNUAL REPORT OF COMMITTEE ON ELECTRIC WELDING* 


To the Board of Directors: • 

Your Committee on Electric Welding hereby reports 
tiie following activities and developments in their field 
of activity for the figpalyear May i, 1928-May 1,1929. 

Meetings and Papebs 

Our Committee arranged for the presentation of two 
papers, at the March 1929 Regional Meeting held at 
Cincinnati, namely, one by Professor F. P. McKibben, 
on Arc Welding in Building and Bridge Construction; 
the second paper by Mr. H. V. Putman, on Design and 
Construction of Electrical Machinery Using the Arc 
Welding Process of Fabrication. 

AmmcLt Welding Society Activities 

The American Welding Society through its several 
Committees, has prepared tentative codes on: (1) 
ETecommended procedure for fusion welding of pressure 
vessels; (2) Fusion welding and gas cutting in building 
construction; (3) Nomenclature definitions and sym¬ 
bols, and is developing a code for welding for pressure 
piping. 

The Fundamental Research Committee of the 
A. W. S. is canying on a number of researches headed 
by able representatives of eight of the leading colleges 
in the country, who are making studies imder a number 
of subjects, some of which are as follows: 

1. Resistance welds in low and high carbon steel 
rods. 

2. Study of wdds at elevated temperatures. 

3. Effect of current density and microstructures on 
strength of welds. 

4. Study of weld joints by X-rays. 

6. Study of the fundamaitals of the wdding are. 

“ 6. Study of welded rail joints. 

* The American Welding Society is carrying on a great 
deal of additional detdled work too extensive to men¬ 
tion in this brief report. 

Commercial Activities 

Bridge Construction. ■ During the year a K-niile line 
of overhead railroad construction at a prominent steel 
mill was reconstructed by the addition of 76 tons of 
steel. 

The Public Service Co-ordinated Transport Co. of 
New Jasey successfully repaired by arc welding two 
pairs of poney trusses each 86 ft. long, forming a com¬ 
bination trolley and highway bridge spanning the tracks 
of the Central Railroad of New Jersey and the Lehigh 

•COMMITTEE OW EtECTBIC WELDIKG: , 

A« M. Candy, Chairman, 

O. A 4 Adams, O. H. Sschholz, J. O. Lincoln, 

P. P. Alexander, H. M. Hobart, Hmest Lunn, 

O. W. Bates, O. J, Holslag, A. M, MacOutcheon, 

Hrhest Bauer, C- L. Ipsen, J. 'W. Owens, 

Alexander Churchward, ^ Wm. Spraragen. 

Presented at the Summer Convention of the A, /. E, JS., Swamp- 
scott. Mass,, June ^-28,1929, Printed complete herein. 


Valley Railroad at Middlesex Borough near Bound 
Brook, N. J. This -was a very unique operation, 
requiring 60 tons of new steel and is described in 
Engineering News Record of October 26, 1928. 

At the present time, the Harahan Bridge at Memphis, 
Tenn., is being reconstructed and widened which work 
will involve a total of 260 tons of steel. As an indication 
of the saving possible in this class of work, we cite the 
following figures, namely, an average 9f six bids for 
riveted reconstruction $16,060 as against an average 
for the bids by welding construction of $10,760. This 
represents a saving of 28J^ per cent by welded recon¬ 
struction as compared with riveted reconstruction work. 

Office Buildings, etc. The Homestead Hotel at Hot 
Springs, Va. has had a 12-story addition made thereto 
by the arc welding process, the addition involving 660 
tons of steel. The principal consideration in this opera¬ 
tion was the elimination of noise, which would have dis¬ 
turbed the guests in the old hotel structure immediately 
alongside of the new structure. It is difficult to put a 
direct monetary value upon the elimination of excessive 
noise for such a proposition. 

A combination office and bank building, involving 
260 tons of steel, w^ erected at North Tonawanda, N. Y. 
for the Tonawanda Power Co. 



Fig. 1—Clevei-and Ofitce Building. Illustbates De- 

CBEASB in WeiGOT OF COLUMNS FEOM THE FiBST FlOOK TO THE 

FoubthFloob 


An office and store building (Upper Carnegie Bldg.) 
involving 116 tons of sted was completely erected by 
the are welding process, pgmg no rivets or bolts, in the 
City of Cleveland, Ohio, see Figs. 1,2,3, and 4. 

Factory Type Buildings. Two buildings of this type 
were constructed in California for the Southern Cali- 
fOmia Edison Co. at Portersville and Visalia, Calif. 
A building approximately 60 ft. by 100 ft. was con- 
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structed by welding at Los Angeles. Several additional 
small buildings in California were constructed by weld¬ 
ing, with trusses from 40 ft. to 75 ft. span. The Ameri¬ 
can Milling Co. of Omaha, Neb., has built a large hay 
barn 75 ft by 190 ft., using 100 tons of steel. In central 
Florida 16 arc-welded buildings have been constructed, 
piincipally for citrus packing houses. The largest of 



Fig. 2—Shows Pkaming Partly Erbcted with 36-In. 
Girder Welded in Position 

these is 117 ft. by 202 ft., containing 200 tons of steel. 
One building (Fig. 5) is now nearing completion at 
North Trafford City, Pa., involving 800 tons of steel and 
floor space in excess of 100,000 sq. ft. A portion of this 
operation inwlves a structure three Stories in height, the 
remainin g portion being single story construction. 



3_^Detail View Illustrating Welded Joints in 

36-in. Girders oAND Location of Welded Open Beams for 
Supporting the Floor 

Thirty-two municipalities in California and eight in 
Oregon, Louisiana, Mississippi, Arkansas, and Arizona 
now have sections in tiieir building codes covering the 
welding of buildings. , ^ 

According to the new building code sections for thesp 
cities, it is now legal for the Commissioner of Buildings 
in each place to grant, in the same manner as for riveted 


WELDING * 

frames, permits for the erection of electrically welded 
steel frame buildings. 

Pipe Welding. Several installations for welding two 
lengths of pipe together in the shop to make approxi¬ 
mately 40-ft. lengths out of approximately 20-ft. lengths 
of pipe have been made during the past year. Also 
some installations for welding longitudinal joints to 
produce piping in the shop have also been made. 

Considerable progress was made during the past year 
in electric welding gas and oil pipe lines. The method 
of making the weld, the size of electrode, and welding 
conditions have been determined for best results and 
experience has demonstrated the effectiveness of this 
procedure^ Methods of testing the welds have been 
worked out so that a minimum of interference with the 
welding procedure is encountered and y^t the tests are 
very effective for determining the quality of the welds. 

The welding of pipe lines of municipal water supply 



Pig. 4—Shows the Building Partly Completed 


has progressed rapidly during the past year. Auto- ^ 
matic welding machines and procedure control specifica¬ 
tions have been developed for this work. Welding’ 
technique and testing methods have been determined to 
insure uniform results on a production basis. The 
effect of these developments has been to reduce the cost 
of pipe lines for city water supply systems. 

Between 1400 and 1600 miles of pipe line for carrying 
oil are now being laid in Texas and tiie South West. 

Figs. 6 and 7 illustrate the welding of pipe on one of 
these lines. 

JThis line is owned by the Texas Pipe Line Co. and 
has its sea terminus at Port Arthur and runs 714 miles 
to a place called Monahans, not far from El Paso, 
Texas. 

This pipe carries oil at a pressure of 800 lb. per 
square inch. • 

The process of lasdng the pipe is to get on an average 
of five 40-ft. lengths lined up on skids along the same 
axis so that the ends of the pipes being welded are square 
with each other and weld tfiese five lengths together, 
turning the pipe every once in a while so that the wdder 
iswdding in a substantially downward position. These 
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welds are made at the rate of 12 to 14 per day per 
operator. 

Two welds are made on each pipe, a so-called burning 
in wdd and a finishing wdd. ' 

One end of each pipe is bell mouthed, and- the small 
end of one pipe is inserted in the large end of the next 
pipe preparatory to>welding. 

After the five lengtiis of pipe are welded into sections 
the bell mouth end of one section receives the small 
end of the n^ section and the two sections are welded 
together. 

This weld is called a "bell-hole weld” and part of this 
weld must be made overhead. The average rate of 
making bell hole welds is 8 to 10 per day pw operator. 

After the pipe is welded, it is lowered into a trench 
which has been prepared for it and later cov^^. 

The outside of the pipe is protected with 5 heavy 
coating of asphaltic material to prevent the earth from 



Fig. S —Building Compbisbs Thbbb Units in a U Qeoup. 
Tbanthjrsb Unit in FoBBOEOtrND is 133 Ft. bt 60 Ft. Longi¬ 
tudinal Building at Leet is 441 Ft. by 62 Ft., 140 Ft. of 
- WHICH IB Three Stoeibs IN Height. Longitudinal Building 
at Bight is 460 Ft. Long by 62 Ft. Wide. ' A Combined Office 
AND Shipping Building at Feteeme End Gives a Total Flooe 
Space in Excess of 100,000 Sq. Ft. 

coming into contact witii the pipe so as to prevent 
corrosion. 

After the pipe is welded it is tested with hydrostatic 
pressure for tightness, after which tiie pipe is laid in 
the trench and covered. 

The illustrations show in some detail tiie process as 
it is being carried on. 

The welding machines are gasoline engines driving 
weld^ sets and these may be tran^orted on wagons or 
inay be dragged from point to point by trucks. 

Presmre Vessels. During the past year or so two 
companies have developed special technique and 
method for arc welding of heavy steel plate, oil cracking 
stifis, and other high pressure vessels. One of these 
-compani^, for exanaple,^ has manufactured over a 
thousand vessels using over 70,000'tons of plates 
ayeragmg about 3 in. in thickness. Excellent ductihty 
and tmisile stami^ are obtained by the methods used 


by these two companies which employ covered elec¬ 
trodes with spedal alloys, heavy currents, and annealing 
of the structure after welding. 

Resistance Welding. The use of spot welders, tubing 
welders,#^and flash welders has extended rapidly, es¬ 
pecially in the automotive field, during the past year. 
Probably the latest large development in the resistance 
welding field is that of applying flash wdders for pro¬ 
ducing pipe in comihercial lengths, up to about 30 in. in 



Fig. 6—^Bell Hole Welding on 12-iif. Pipe Line neae 
Weloh, Oklahoma. Observe Bends in Pipe Due to UmsvEN 
Teeeain, which Causes no Failures 

diameter by ^ in. in thickness, requiring several thou¬ 
sand kv-a. of power to make each longitudinal weld. 

Machinery Construction. The use of welded machine 
structures repladng^castings has received great impetus 
during the past year, especially amongst the manufac¬ 
turers of electrical apparatus. The stator for a 160,000- 
kw. turbo generator has recently been'constructed of 
arc welded steel. (Figs. 8 and 9.) It is imdoubtedly 
safe to say that at the present time such construction 



■ Fig. 7—^Typical Finished Welded i^oint in 12-In. Pipe Line 

by several of the leading manufacturers in the United 
States has readied the point where not less than 2000 
tons per month of such fabricated machines are bdng 
produced. - 

Ship Construction. Metal are welding is being used 
extsosively in^ the construction of merchant and naval 
^ps. In both cases, the policy pursued is that of a 
gradual utilization of the process, rather than an attempt 
to weld the complete ship. In merchant ship con- 
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struction the object is reduction in cost, while in naval 
work, the object is to save weight. 

International attention has recently focused on arc 
welding in naval constructioi^ because the^ weight 



Fio. 8 —Frame for 100,000-Kv-a., 3600-Rbv. Per Min., 
Turbo Generator wiiicn Weighs Complete 265,000 Pounds 
and was Shipped as a Unit with Windings in Place. Ip a 
Cast Frame had been Used the Weight Would Have Ex¬ 
ceeded THE Maximum Car Capacity Forcing the Com¬ 
pleting OP THE Machine on Customer’s Property Instead 
op at the Factory 

saved by its use materially assisted the German Navy 
to mount eleven-inch guns on their new 9000-ton 
cruisers. 

The steam ship Virginia, built during the year by the 



Fig. 9— Shows a Welded Motor-Generator Set the 
Only Castings Used being the Pepestal Bearings. Even 
THE Brush Rigging for the Generator is op Welded Steel 
Construction. This Set is Rated at 760 Kw., 900 Rev. Per 
Min. ^ 

o 

Newport News Shipbuilding & Drydock Co. for the 
Panama Pacific Steam Ship Co., embodied sufficient 
welding in its construction to require the use of 48,000 
lb. of electrode welding wire. 

Arc welding has also been used extensively in the 
construction of the 272-ft. yacht Viking for Wm., 
Baker. In this case, it greatly assisted the architects ' 
in obtaining the desired graceful lines. 

The Fore River Yard of the Bethlehem Shipbuilding 
Corp. has constructed a number of bulkheads wheran 


one row of rivets wm replaced by a continuous weld. 

The Federal Shipbuilding and Drydock Co. of 
Kearny, N. J., have recency completed two all-welded 
channel type scows each 116 ft. long, 34 ft. wide, and 
10)4 ft. deep. 

MisceUaneouSf The use of au£bmatic welding equip¬ 
ment has increased materially hut to date its possibilities 
have been appreciated by only a very limited section of 
industry. 

Atomic hydrogen has found many new applications 
on alloy steels and nonferrous metals. For welding 
thin sheet steel below No. 16 gage this process has been 
applied va*y satisfactorily where smoothness of finish 
and good ductility are required. 

, Summary * 

There. are a great many other individual welding 
applications which might be mentioned but we believe 
that the above brief r^sum4 summarizes the principail 
activities in the welding field and will give an insight 
into welding developments for those who are not directly 
identified with welding work. 

CORRESPONDENCE 

STRAY LOSS MEASUREMENTS 

To the Editor: 

I wish to submit a discussion of Mr. M. C. Holmes’ 
paper on Separation of Stray Losses in A-C. Generate* 
as follows: 

I believe that Mr. Holmes has given a very clear and 
correct int^pretation of his experimental results. To 
add some further verification to his conclusions, I 
may say that we have made several calorimeter tests 
on turbine generators and formd that the load losses 
at the normal voltage, zero per cent power factor, over¬ 
excited condition were substantially the same as those 
measured on short-circuit. Recently we have made * 
similar tests on some rather large machines at 80 per 
cent power factor and found the same conditions. In 
none of these machines was the pole face loss abnor¬ 
mally high, yet, if anything, the load loss at normal 
voltage was a little greater than that measured on short 
circuit. 

We have made calculationsf to determine the axial 
depth of flux penetration in the armature iron near the 
en^ of the machine, and obtained results comparable 
to those shown in Fig. 8 of Mr. Holmes’ paper. 

I should be greatly interested to know how Mr. 
Holmes determined the volume of iron to. which a 
given measured rate of loss should be attributed in the 
cases where the iromis thick and the consequent depth 
of flux penetration might need to be considered; i. e., 
where the entire thickness of iron probably would not 
have as high a rate of loss as was measured at the 
surface by means of the tempefature detectors. ’ 
_ J. F. Calvert. 

*A. I. E. E. Jl, March .1929, p. 224. 

f/ron Losses in Turbine OeneraiorSy by C. M. Laffoon and 
J. F. Calvert, A. 1. E. E. Quarterly Trans., Part 3, 1929* 
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Ar"bridgment of 

Outdoor Hydrogen-Ventilated Synchronous 

Condensers 


BY ROBERT W. WIESEMAN* 

Member, A. I. S. B. 


Synopsis.—Hydrogen is an exc^eni cooling medium for high¬ 
speed rotaiing electrical machinery. When it is substituted for air, 
a matMne can be operated at a higher load mth the same temperature 
rise and the windage loss is decreased to one-twelfth. Furthermore, 
since no oxidation can take place in this type of machine, the life 
of the insulation is increased and short circuit and corona troubles 
are very materially reduced. The machine is espedaUy quiet, and 
it can be placed out of doors without increased expense. 


The first eommerdaltapplieation of hydrogen cooling for electrical 
machinery was made on a 18,600-kv-a. outdoor synchronous con¬ 
denser. Another outdoor hydrogen-cooled condenser designed along 
these lines rat^ S0,000 kv-a., ts also in operation. Doth condensers • 
were placed in service in 19S8 and their performance has been very 
satisfactory. This paper describes the construdion of the machines 
and reviews the advantages and disadvantages of hydrogen cooling. 


• ♦ * * • 


I. iNTEODUenON 

Advantages in V&nMlaiing a Machine with Hydrogen 

T he characteristics of hydrogen gas, which makes it 
desirable as a cooling medium for high-speed rotat¬ 
ing electrical machinery, are as follows: 

Low Density of Hydrogen. Hydrogen is a colorless, 
odorless, tasteless gas whose drasity is only 7 per cent 
that of air. The windage loss of a rotor is approxi¬ 
mately proportional to the density of the gas in which 
it rotates. Thus, the windage loss of a rotor running 
in.^ atmosphere of pure hydrogen is only 7 per cent 
of the air loss. It was fotmd to be entirely practical 
to maintain a gas mixture in a machine of 99 per cent 
hydrogen and 1 per cent air, etc., and so a windage loss 
of only 8 per cent of the air loss is realized. The de¬ 
creased windage loss also decreases the amount of heat 
to be removed from the machine, and the size of the 
surface cooler can be reduced when hydrog^ is used as 
a cooling medium. The bearing friction loss is the 
-same in hydrogen as in air. 

High Thermal Conduetivify of Hydrogm. Hydrogmi 
conducts heat about seven times better than air and the 
specific heat of a gram of hydrogen is about 14.6 times 
that of a gram of air. Consequently, heat passes across 
tte small spaces in the insulation and between the lam¬ 
inations, etc., much more readily than with air cooling; 
and so the internal copper temperature, for a given 
surface temperature, is less in hydrogen than in air. 

High Forced Heat Convection of Hydrogen. Ih an at¬ 
mosphere of hydrogm 30 per emit more heat can.be 
transferred from h^ted surfaces than in air with the 
s^e surface temperature drop. Furthermore, when 
the,hydrogen comes in contact mth a surface cooler, 
more heat can be transferred to tiie cooler than with air. 
'Hiis^^ain enables a smaller surface coolm* to be used; 
pr with th e same cooler a lower cooling medium tem- 

*ArC. Engmeering Department, General Blcotrio Co., Sohe- 
neotady.N.Y. « 

Presented at the Summer Convention of the A. I. E.. B., Swamp- 
seeii,- if ass., June 19S9. Complete copies upon request. 


perature is realized, and the internal temperature of the 
coil is still further reduced. The bearing temperature 
is also less in hydrogen than in air. 

The reduction of windage loss, the increased thermal 
conductivity and forced heat convection of hydrogen re¬ 
sult in an increased output of 26 per cent or more, 
depending upon the hydrogen pressure used, the type 
of ventilarion employed, the degree of saturation in the 
.magnetic structure, and the stability required. 

No Combustion Possible in an Atmosphere of Hydrogm, 
There is no oxygen or dirt pr^ent in the machine, and, 
consequently, a combustion cannot take place. This 
eliminates the need of fire extinguishing apparatus. 
The burning of iron and insulation following a ground or 
short circuit is reduced to a minimum. The insulation 
retains its fiexibility, and its life therefore is greatly 
increased. The bearing lubricating oil remains clean 
and it does not oxidize or sludge so readily as in an air 
cooled machine. 

Deirimenldl Effect of Corona Reduced to a Minimum, 
The thickness of the armature coil insulation is governed 
partly by the high-voltage gradient and the fonnation 
of corona in the minute spaces of the insulation. Tei^ 
' have demonstrated that the damage Caused by corona 
is practically absent in an atmosphere of hydrogen.* 
Not only will this increase the insolation ]if e, but it will 
allow a thinner insulation to be used or a’greater factor 
of safety to be secured. These factors will not only 
make it easier to build machines of present day voltages, 
but they will ihake it possible to employ higher voltages 
in the future., 

Finally, the absence of corona damage to varnished 
fabric insulations will permit their use on high-voltage 
machines with a substantial decrease in cost. The 
greater impulse voltage strength of varnished fabric as 
compared with micainsulationthus gives the hydrogen- 
cooled machine ,a further advantage for installations 
where high-'^oltage surges are likely to be experienced. 
e Outdoor Operation. At practically no increase in 

1. For references, see Bibliography. 
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cost a hydrogen-ventilated machine can be made suit¬ 
ably weather-proof for outdoor operation. This effects 
a great saving in building expense. 

Quiet Operation. The windage noise of a totally 
enclosed hydrogen-cooled machine is very much less 
than that of an air-cooled machine. Thus, a hydrogen- 
cooled machine is exceptionally quiet and it can be 
placed outdoors in a residential district where a noisy 
machine would be very objectionable. 

^ Disadvantages in VentiUtting mth Hydrogen 
Safety Precaution. When hydrogen cooling was 
first proposed, some difficulty in preventing accidental 
explosions was anticipated. The increasing familiarity 
with the problem and the extensive use of hydrogen for 
many indistrial purposes, such* as brazing, annealing, 
welding, etc., indicate that there should be no difficulty 
with this problem. The Schenectady factory of the 
Greneral Electric Company uses 30,000,000 eu. ft. of 
hydrogen per year without experiencing any difficulty 
from this source. Every city has one or more gasom¬ 
eters containing many thousands of cubic feet of gas 
which though not explosion-proof give practically no 
trouble. The following table gives the stored energy 
in a steam boiler, in a large turbine-generator rotor, 
and in the gas of a hydrogen-ventilated synchronous 
condenser when it contains the most explosive mixture 
of air and hydrogen: 

• Stored earagy ft-lb. Per cent 

Steam boiler 

2000 boilerhp.26,000 X 10» 100 

Large turbine-generator rotor. 300 X 10' 6.0 

Hydrogen-ventilated machine con¬ 
taining 1000 cu. ft. of the most 
explosive mixture of air and hy¬ 
drogen at atmospheric pressure.. 70X10' 1.4 

It is quite evident that a hydrogen-ventilated synchro¬ 
nous condenser has very much less potential explosive 
force than other apparatus in common use. 

A mixture of hy^ogen and air will not explode if 
the hydrogen content, by volume, is more than 70 
per cent or less than 10 per cent. If a machine is 
scavenged with carbon dioxide before it is filled with 
hydrogen, no explosion can take place when it is started 
for the first time. The hydrogen pressure in the ma¬ 
chine is automatically maintained slightly above at¬ 
mospheric pressure. This prevents air from leaking 
into the machine, and eventually the hydrogen purity 
will reach that of commercial hydrogen which is usually 
around 99 per cent. It has been found that a hydrogen 
purity of 98 per cent can be obtained in a few hours 
after a machine is filled with hydrogen. A hydrogen 
purity indicator can be made to ring an alarm if the 
purity falls below normal. A fan pressure gage cali-* 
brated to read hydrogen purity gives an instantaneo\m 
reading of the hydrogen purity in the machine when it 
is in operation. Thus, the possibility of an explosion 


, ft 


is very remote if the machine is given ordinary 
supervision. 

Increased Disassembly Expense. If a hydrogen- 
ventilated condenser must be disassembled for repairs, 
more time will be consumed and more expense will be 
involved than with a standard auvdqpled machine. On 
the other hand, it should not be necessary to dismantle 
the hydrogen-ventilated machine so often because of its 
longCT insulation life, its lower bearing and internal coil 
temperature, and the absence of dirt. It is believed, 
therefore, that the total maintenance expense over a 
period of years will be less for the hydrogen-cooled 
machine. 

II. Hydrogen Cooling can be Easily Applied to 
A Synchronous Condenser 

It is unnecessary to have the shaft of a condenser 
extend through the gas-ti^t shell as in the case of a 
turbine generator, and so a seal' of any kind around the 
shaft is not required. With this arrangement, the con¬ 
struction of the machine is simplified because the entire 



Fia, 1 —^Thb First Outdoor Hvdrogen-VbntiiiAtiid Stn- , 
OHBONOUB CONDBNBBH, 12,600-Kv-A., 900 -RbV. PER MlN., 
Thrbb-Pbasb, 60-CtoiiB, 13,800-Volts. New England Power 
C o., Pawtucket, R. I. 

machine, including the bearings and shaft, can be en¬ 
closed in a gas-light shell. 

III. Description of Outdoor Installation 
Pig. 1 shows the 12,600-lcv-a. hydrogffli-ventilated 
synchronous condenser completely mstalled at the Paw¬ 
tucket, R. I. Substation of the New England Power 
Company. This csondenser is the first of its kind ever 
built. It is located out of doors without any protection 
from the weather, but is-placed over a pit which is made 
weather-proof by a substantial sheet-iron covering. 
Along side of the csondenser are located the switchtes, 
starting compensator, transformers, and lightning ar¬ 
resters. Fig. 3 is a sectional view of the machine. 
These views show the s^ni-cirtular surf^e coolers, the 
bearing hoiiang and its fabricated support, the high- 
voltage armature terminals, the collector housing, and 
the (jonstruction of the gas-tight frame. The beanngs 
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ean be filled with oil and drained without dismantling 
the machine or losing any hydrogen. 

The 20,000-kv-a. condei^er located near Charles¬ 
ton, W. Va., at the Turner Substation of the Appala¬ 
chian Electric Power Company is also placed out of 
doors and it has the same design as the 12,500-kv-a. 
condenser except that its capacity is higher. The 
field collector is located in a small housing which is 
bolted to the end head. 

In the weather-proof pit beneath the condenser 
are located the cooling water circulating pump, 
the oil pump for filling the bearings and furnish¬ 
ing high pressure oil for starting, the hydrogen 
supply tanlffi, the hydrogen pressure gage, the indicating 
thermometers, the automatic hydrogen pressure con¬ 
trol, the rotoP fan pressure gage for indicating the 
hydrogen purity when the machine is in opa*ation, the 
thermal cell of the hydrogen purity indicator which 
indicates the hydrogen purity at all times, and the 



Fio. 3 —Sectional View op the 12,500-Kv-a. Hydrogen- 
Ventilated Synchronous Condenser 


various valves for controlling the water, oil, and 
hydrogen. 

IV. Explosion-Proop Frame 

The stator frame consists of three sections and two 
heads bolted together as shown by Pig. 3. The 
joints of the frame are gasketed gas-tight and they have 
practically no hydrogen leakage. The large middle 
section holds the armature punchings and windings and 
the two smaller sections hold the internal surface coolers 
and bearings. The frame is fabricated entirely from 
s^l plate. The elimination of eastings, which are some¬ 
times porous, is not only in keeping with present day 
djmamo machine construction, but it also insured 
minimum hydrogen leakage. 

In order to minimize the effect of an explosion re- 
sulti^ from careless operation, these condensers were 
provided with a cylindrical explosion-proof frame de¬ 
signed to resist the disruptive force of the most ex¬ 


plosive mixture of hydrogen and air at atmospheric 
pressure. The frame of the 12,600-kv-a. condenser 
without windings, coolers, and piping, was filled with 
the most explosive mixture of air and hydrogen, and the 
gas wa» ignited with a spark plug. No damage re¬ 
sulted from the explosion which developed a maximum 
pressure of 85 lb. per sq. in. as recorded by an instanta¬ 
neous pressure recorder. If the machine had been com¬ 
pletely assembled ^th all of the various metallic parts, 
especially the coolers, the pressure would have been 
only about^50 lb. per sq. in. This test also showed thatr 
an explosion would have no detrunental effect on the 
insulation. It is very unlikely that the gas in the ma¬ 
chine will ever reach the most explosive mixture of air 
and hydrogen of 5 to 2 by volume. For any other gas 
mixture, the explosive ^orce would be very much re¬ 
duced. The theoretical pressure of 180 lb. per sq. in. 
with an air-hydrogen explosion could be obtained only 
if no heat were absorbed by the explosion chamber and 
its contents. 

VII. Hydrogen Ventilation 

Each end of the frame contains two-semi-circular 
surface coolers. The cooler heads can be removed and 
the tubes cleaned without dismantling the machine or 
losing any hydrogen. The four cooler units are piped 
in multiple, and air vents and drain valves allow the 
coolers to be thoroughly drained to prevent any water 
in the cooler from freezing in the winter if the machine 
is not in use. " 

The rotor poles and fans force the ventilating gas 
through the stator ducts to the'back of the stator frame. 
Then the gas passes through the semi-circular coolers 
and is returned to the rotor and recirculated. Pro¬ 
vision is made for ventilating the collector housing by 
circulating hydroggn through the housing by means of 
two pipes. Two dial thermometers indicate the tem¬ 
peratures of the ventilating gas before and afteritpasses 
through tjje cooler. If the temperature of the gas 
leaving the cooler exceeds 40 4eg. cent., the thermom¬ 
eter rings an alarm. Indicating thermometers also 
ring an alarm if the bearing temperature exceeds 70 
deg. cent. * '’ ■ 

VIII. Hydrogen Leakage 

An automatic pressure regulating switch and valve 
maintain the hydrogen in the machine always slightly 
above atmospfieric pressure to prevent air from IpaVing 
into tile shell. The hydrogen pressure in the machine 
varies with its internal temperature. The average 
pressure is around lb. per sq. in. and the leakage of 
the machine itself at this pressure is about 6 cu. ft. 
per day which costs aroimd 10 cents. The hydrogen 
purity indicator wastes a small amount of hydrogen 
for its thermal analysis. Thus, the total hydrogen cost 
•is very small, from 16 to 20 cents per day, depending 
upon how much is used by. the hydrogen purity indi¬ 
cator. 
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IX. Increased Output 

The excellent cooling properties of hydrogen enable a 
given machine to operate at an increased output at the 
same temperature rise. If the hydrogen pressrjf e is in¬ 
creased above atmospheric pressure, the output can be 
further increased, l^umerous heat runs were made in 
which the hydrogen pressure was increased in steps up 
to 25 lb. per sq. in. These tests indicated that a hy¬ 
drogen pressure of 15 lb. per sq. in. gave the best results. 
If the pressure is increased above this amount, the 
windage loss increases appreciably and the gain in 
output is not so marked. 

The following table shows how the output of salient- 
pole high-speed condensers increases with the same 
temperature rise when hydrogeft is used for the cooling 
medium: 

Cooling medium Machine output 

Air at atmospheric pressure. 100 per cent 

Hydrogen at a pressure slightly above atmos- 


plieric pressure. 126 per cent 

Hydrogen at a pressure of 16 lb. per sq. in. above 
atmospheric pressure. 140 per cent 


Naturally, these figures will vary with different typ^ of 
machines. The field winding is usually the limiting 
feature because it is more difficult to ventilate, and 
magnetic saturation and stability impose more limita¬ 
tions on the rqtor than on the stator.^ 

•, X. Decreased Losses 
The intnoduction of hydrogen into a machine reduces 
the rotor windage loss to about eight per cent of its 
loss in air. The following table shows the saving in 
windage loss of the two condensers: 

Machine capacity Reduction of windage loss 
kv-a. accomplished by hydrogen 

20,000 85 kw. (0.42 % of machina rating) 

* 12,5(X) • 5tkw. (0.41% of machine rating) 

The internal copper temperatures are less with hy¬ 
drogen, alid so4:he copper losses will be slightly reduced. 
Fig. 7 shows the total losses of the 20,000-kv-a., three- 
phase, 60-cycle, 11,500-volt hydrogen-ventilated con¬ 
denser at various loads. The lo&es are given for air at 
atmospheric pressure, for hydrogen slightly above at¬ 
mospheric pressure, and for hydrogen at 16 lb. per 
sq. in. At 20,000 kv-a. the total loss of this condenser 
in hydrogen is only 1.5 per cent. 

XI. Cost op Outdoor Installation 
The initial cost of any new type of apparatus is 
usually high, and the development of hydrogen-cooled 
machines has not yet reached the point where its cost 
alone is the same as that of a standard air-cooled ma-; 
chine of the same size. The gas-tight construction, the 
water coolers, and the auxiliary control features natu¬ 
rally increase the co§t which is partly offset by the in- 


CTeased rating obtainable. However, the value of the 
improved efficiency due to the lower windage loss 
(Fig. 7) will probably proVfe the deciding factor in any 
cost comparison. The capitalized value of the two 
per cent losses of a synchronous condenser is about the 
same order of magnitude as the’fiist cost of the con¬ 
denser installation, so that any reduction in the losses is 
of the same economic value as an equal reduction in 
cost. Thus, when decreased losses, increased capacity, 
lower int^nal temperatures, reduced fire risk, longer 
ins^ation life, cleanliness, quietness, and saving in 
building expense (outdoor operation) are capitalized, 
a large hydrogai-ventilated machine has a real economic 
justification. 

^ Conclusions * 

The results obtained on these two hydrogen-venti¬ 
lated synchronous condensers to date have been very 
encouraging and three more machines, rated 15,000^ 
kv-a., are imder construction. Not only have the 
hydrogen features of the machines performed satisfac- 



Hw«a. 


Fig. 7—^Total Losses of the 20,0(X)-Kv-a., 11,600-Voi.t, 
60-Ctcuii. HTDBoanN-VBNTiLATED Stncbbonovs Conobnsbb 

torily, but during the past winter the machines have • 
operated successfully out of doors with no protection • 
from the weather. Thus outdoor ssmchronous con¬ 
densers, whether air or hydrogen cooled, should give 
reliable service at a reduced overhead expense. 

Electrical manufacturers are constantly striving to 
improve the efficiency and the ventilation of rotating 
machinery. High-grade magnetic steel, transposed 
armature windings, correct magnetic structure shapes 
and proportions, improved rotor fans and ventilating 
ducts, thinner and more compact insulation, etc., all 
tend to reduce the losses and the size of a machine. 
Howeva*, these refinements have been worked over so 
exhaustively that further improvements in performance 
characteristics by these means will perhaps be relatively 
small. Any appreciable gain must come by the way of 
a radical change in tlie machine structure, materials, or 
ventilating medium. Hydrogen cooling is one of these 
radical departures from tradition which opens new 
avenues of progress and rotating machines with 99 
per cent efficiency may soon be a reality. 
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A New Type of Hot Cathode Oscillograph 

its Application to the Automatic Recording of Lightning 

and Switching Surges 

’ BY R. H. GEORGE* 

Associate, A. T. E. E. 


Synopsis* —This paper presents a new general purpose type of 
•hot cathode oscillograph which employs a new electrostatic method of 
focusing the beam. This oscillograph will operate at any beam 
potential from 500 to BO,000 voUs or more, and at any gas pressure 
below so microns. High photographic sensitivity at medium voltages 
is attained by the use of a high4ntensity beam. 

A portable form of the oscillograph for recording lightning surges 


on transmission lines is described, together with drcuils by means of 
which the lightning surge (lutomatically starts the beam in from 
yito microseconds after the surge voltage begins to rise from zero. 
This oscillograph was put into operation on one of the IJiO-hv. 
transmission lines of the Consumers Power Company of Jackson, 
Michigan, on August 27,1928. 


Introduction 

ITH the interconnection of large power systems 
and with the rapid developments in the art of 
radio and carrier-current communication have 
come new problems, many of which involve the study of 
^ high-^freQuency phenomena beyond the range of the 
, ordinary Duddell oscillograph. Consequently the im¬ 
portance of solving such problems has stimulated active 
interest in the development and application of the 
cathode ray oscillograph,f a device capable of recording 
extremely high frequency phenomena. As a result 
there have been developed within the last decade, 
some three or possibly four general types of cathode 
ray oscillographs as follows: the low voltage hot cathode 
type of the Western Electric Company,^ the medium- 
voltage hot cathode type of Wood,^ the high-voltage 
edd cathode tjrpe of Dufour,® Norinder,^ the General 

♦Researeh Associate, Engineering Experiment Station, Purdue 
University, Lafayette, Ind. - 

tFor a Mstory of the development of the cathode ray oscillo¬ 
graph with complete bibliography see “Measurements in Electri¬ 
cal Engineering by Means of Cathode Rays,** by J. T. 
MacQregor-Morris and R. Mines, Journal of I. E. E., Nov., 1925 
Vol. 63, p. 1066. » » . 

1. See Bibliography. 

Prege^ed at the Regional Meeting of the Middle Eastern District 
Cincinnati. Ohio, March tO-n, im. Complete copies upon 
reguesi. 


Electric Company,' and more recently the high-voltage 
hot cathode type of RogowsM.* • ' 

This paper presents a new general purpose t 3 rpe of 
hot cathode oscillograph, capable of operating at any 
potential from 600 volts to 20,000 volts as more, and a 
spedal portable form for lightning recording. The 
object in developing the general purpose oscillograph 
was to produce one having sufficient flexibility to 
combine so far as possible the desirable qualities of the 
previous types of catiiode ray oscillograph and yet _be 
simple and reliable in operation. 

Salient Pbatores op the New Oscillograph 

Some of the outstanding features of fee new oscillo¬ 
graph are as follows: 

1. The use of a special hot cathode electron gun 
which makes possible automatic starting and stopping 
of the b^^ for recording lightning surges on trans¬ 
missionlines.'' 

2. The use of a new electrostatic mefeod of focusing 
the beam, effective at any pressure from about 80 
microns down to the lowest pressure obtainable witii a 
mercurypump. 

S. The entire beam passes through the high-voltage 
anode, thus diminating the problraa of anode heating. 
, 4. Bakelite is used for insulating the high-voltage 
►cathode and the deflecting plates, thus reducing the 
danger of breakage. 
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5. The deflecting plates are adjustable from outside 
the vacuum which makes it possible to vary the de¬ 
flection sensitivity if desired. 

6. All parts are readily accessible' and easily re¬ 
placed in case of damage. • 

General. The method of attack in the design and 
development of the general purpose oscillograph has 
been to gain tiie necessary photographic sensitivity 
through the use of a high-intensity beam at a minimrun 
beam voltage. The principal problem, then, has been 
one of devising satisfactory means for producing and 
focusmg a high-intensity beam ova: a suflicient range 
of beam voltages to insture the necessary photographic 



Fia. 1 — ^PoitTABi. 1 ! Hot Gathodb Oscillogbafh fob Subgx 
Bbcordino 

A. Blectiroii gun housing. * 

B. Terminals of deflecting plates. 

O. Oscillograph bell. 

D. Vacuum gage. 

E. Gun voltage control: « 

* F., Oathod^ voltage consol. 

G. Timing osdllator. 

H. Vacuum pump. 

I. Drsdng chamber for films. 


% 

2J4 in. by 5 in., although in a more recent design the 
oscillograms will be in. by 6 in. If special long 
rolls are used, as tnany as 100 exposures can be taken 
with one loading. * 

The Electrostaiie Method o/ Focusing the Beam. The 
most important feature of the {^ciUograph illustrated 
is tiie electrostatic method of concentrating and fo¬ 
cusing the beam, which is effective at any beam po¬ 
tential from 500 volts to a lesist 20,000 volts. 



sensitivity. It is the solution of this problem which 
constitutes the major contribution of this paper. 

Description of the OsdUogr&ph. A general idea Of 
the appearance of the oscillograph may be ^ined from 
Fig. 1, which shows a portable outfit deigned especially 
for recording lightning surges. Fig. 2 illustrates the 
internal construction. 

The general purpose laboratory type of instiwent 
is provided witii both a rotating film drum and' plate 
drum. The film drum ta^es 5 in. by 30 in. with 
which tiie equivalait of a continuous record 140 in. 
in l^gth can be obtained. The plate holder takj^ 
Si? 4- by 5-in. plates. The portable type shown in Figsrt 
and 2 is made much more compact to redxice the vol¬ 
ume, and takes 5-in. roll film. The oscillograms are 


Fio. 2 —^Diagbamatio Scheme of the Pobtablb Osozlloghafh 

(1) . Ribbon filament. 

, (2) Filament shield. 

(8) Positive plate. 

(4) Oup-shaped cathode. 

, (6) Cylindrical anode. 

(6) Screw for raising and lowering anode. 


Referring to Fig. 3, the beam from the filament (1) 
is concentrated and brought to a focus at the hole in the 
plate (3), by properly proportioning the spacing be¬ 
tween the filament (1), the filament shidd (2), and the 
plate (3), with respect to the size of the Ixole in (2), 
to produce a rapidly convei;gmg field between the‘fila¬ 
ment and plate. After passing through the small hole 
in the plate into the high potential cathode (4)' the 
beam diverges at first as indicated by the dotted lin«, 
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Fig. 3, due to the momentum received from the con¬ 
verging field in the gun. 

The cathode (4) and the anode (5) are so shaped that 
the high-potential field converges toward the anode. 
Therefore the electrons in falling through this field 
are not only accelerated in the direction of the anode 
but are given a component of velocity toward the 
center of the beam. If this inward radial component 
of momentum of the electrons is great enough to over¬ 
come their force of repulsion, the beam can be brought 
to a focus. It« therefore apparent that the distance 
from the cathode at which the beam will come to a 
focus depends upon the diameter of the beam when it 
•• starts to converge, hence the divergence of the beam on 



Fig. 3—^Diagram Showing Method of PoouaiNG the Beam 

entering the cathode. This fact also necessitates the 
use of a large hole in the anode. 

Since the time through which the mutual repulsion 
of the electrons in the beam acts, depends upon the 
velocity of the beam and consequ^tly upon the beam 
po^ntial, it is necessary to be able to vary the radial 
component of the high potential field in order to focus 
the beam. This is done by raising or lowering the 
' anode by means of a rack and pinion operated by the 
knurled head (6), Pig. 2. 

Application of the Oschcogbaph 
A. With Contimtous Beam. 

A steady beam can be produced and maintained for 
hours, if necessary, at any J)eam voltage from 500 volts 
to 20,000 volts, dep^ding upon the deflectional and 
'hotographic sensitivities required. . 

» continuous beam permits study of the various 


forms of lissajous figures, such as' power-loss loops 
including magnetization and dielectric loss curves, 
vacuum tube characteristics, frequency checking, etc. 

Fig. 4 represents a section of a voice record taken with 
the laboratory oscillograph at a beam voltage of ap¬ 
proximately 2500 volts. The timing is indicated by the 



Pig. 4—^Voicb Record Taken with 2600-VoriT Beam 

dashes which occur at intervals of 1/60 of a second. 
The diameter of the beam was less than 1/2 millimeter. 

Pig. 5 is a 500,000-cycle wave having an amplitude 
such that the beam was traveling at the rate of 100 
kilometers (62 mi.) per second when crossing the zero 
axis. This oscillogram was taken with a 10,000-volt 
beam. 

B. Recording Lightning Surges on Transmission Lines. 

It was at the request of the Consumers Power Com¬ 
pany of Jackson, Michigan that the writer, under the 
auspices of the Engineering Experiment- Station of 
Purdue University, undertook the design of a cathode 
ray oscillograph for recording lightning surges oil trans¬ 
mission lines. This cooperative'project resulted in the 
construction of the portable oscillograph illustrated by 
Pig. 1. 

The recording of lightning surges presents a difficult 



Pig. 6— 500,000-Ctole Wave Taken with lO.QpO-VoM Beam 

problem,^^ that the time at which a surge will occur 
cannot be predetermined. Therefore the osciUograph 
beam must either remain'on continuously, or means 
must beprovided whereby the transient to be recorded 
automatically starts the beam. 

^Kg. 5 represents the circuit diagram for the portable 
os^o^aph including a circuit for automatieaUy 
initiating the beam by applying plate voltage to the 
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electron gun. With this circuit the plate or beam 
current of the electron gun must pass through one of 
the two vacuum tubes inserted between the gun 
voltage supply and the filament. Therefore the beam 
can be stopped by appl 3 dng a suflicient negative bias 
to the grid of the vacuum tubes to prevent the flow of 



Fia. 7— CiBcuix FOE Automatically Stabtino Bmam by 
Switching Plate Voltage op Electeon Gun 

plate current. Then in order to initiate the beam, it is 
necessary to apply a small positive impulse to the grid 
of one or both tubes, after which the time required for 
the beam to build up depends upon the rate at which 
the electron gun can be charged as a condenser. 

The circuit for producing the positive impulse on the 
grid of one of the vacuum tubes kas some desirable 



iS'iG. 11 —^Lightning Gbneeatoe Impulse which 
A- dTOMATICALLY StAETBD BbAM 

characteristics which may not be evident. The first 
important requirement to be met is that the surge to be 
recorded must produce a positive impulse on the grid 
of one of the tubes regardless of the polarity of the surge. 
This is most readily accomplished by an* inductively J 
coupled circuit which also has the advantage that the 
antenna of the dividing condenser can be insulated 
from the high-voltag^ direct current of the oscillograph. 


A rather unexpected advantage of the inductively 
coupled circuit comes from making the inductance 
such that the inductive reactance of the antmma circuit 
is small compared to the capacity reactance. This 
permits the charging current in the antenna circuit to 
reach its maximiun well in adv^fice of the maximum 
voltage of the surge, and since the voltage drop across 
the inductance is proportional to the rate of change of 
current, it therefore reaches its maximum ahead of the 
current. The inductance is, however, the primary of an 
air-core transformer, therefore the voltage induced in 
the secondary or grid circuit also reaches its maxiTmim 
ahead of the current in the primary. 



Pig. 


12—Installation op Gathodb Ray Osoillogbafh 
140-Kv. Line op the Conbuhbbs Powbe Company 


ON 


AK , 







Pig. 1.3- 


-Lightning Subge Rbcoeded on 140-Kv. Line of the 
C oNSUMBES POWEB COMPANY 


Since Hydonograph records indicate that lig h tning 
surges may reach a maximum in from one to ten 
microseconds, this circuit is capable of getting the 
beam under way in time to record practically the entire 


wave. 


Fig. 11 shows a record taken of a lightning genCTator 
wave in which the beam was automatically started by 
the surge. The surge was applied at right angles to a 
60,000-cycle timing ^ave. 

The portable hot cathode oscillograph, (Fig. 1), 
anploying the automatic beam starting feature, was 
put into operation on a 140-kv. line of the Consumers 
Power Company of Jackson, l^lichigan at thdr Black- 
stone Substation on August 27, 1928. Fig. 12 shows 
this installation. 

This oscillograph is entirdy self-contained with the 


o • 
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exception of the power supply which is taken from a 
110-volt 60-cycle source. 

With well dried film the cjjl pump alone will produce 
a workable vacuum in approximately three minutes. 
The film holder is daylight loading and takes a standard 
No. 104 film. ^ 

Fig. 13 shows a 170-kv. surge which occurred during 
a distant lightning storm. 

Developm^it work is being continued along the 
following lines: 

1. Further increasing die beam intensity. 

2. Focusing still higher voltage beams. 

3. The production of a linear time axis for lightning 
records. 

4. Making the recording of lightning surges more 

nearly automatic. , 

Conclusion 

i It is felt that this oscillograph will prove particularly 


useful in laboratories where a wide variety of work is 
handled as well as in field investigations. 

The author wishes to express his sincere appreciation 
to Professor C. Frands Harding for his continued 
interest*and encouragement as well as making the work 
possible, to Mr. J. W. Raleigh for valuable assistance 
in the early stages of the work, and to Mr. J. R. Eaton 
of the Consumers Power Company for many valuable 
suggestions. * 
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. Telephone Circuits for 

BY F. A. 

Member, i 

Synopsis,—Networks of telephone circuits which are extensively 
u^^in the transmission of programs to broadcasting stations are 
described in this paper. Certain stages in the development of these 
networks are considered and the general requirements for satis- 


M uch of the phenomenal growth and present 
excellence of radio broadcasting has resulted 
from contdbutions made by assodated branches 
of the electrical a^. Of these contributions perhaps 
“ none has had a greater effect than the introduction of 
' the program transmission wire networks, which make 
. diain broadcasting possible. Broadcasting had hardly 
emerged from the novelty stage before the need for 
programs presenting music of the highest grade, 
speeches by prominent people, and descriptions of 
sports events of sectional or national interest became 
evident. It was further recognized that in addition 
. to providing programs of this character, it would be 
desirable to broadcast the programs simultaneously 
from a number of stations. These conditions estab¬ 
lished a demand for means of picking up selected pro¬ 
gram material and transmitting it to broadcasting sta¬ 
tions scattered titiroughout the country. For this trans¬ 
mission, wire lines have proved to be very satisfactory 
, and are in genraal use for this purpose. 

I^or to the general, development of radio broad¬ 
casting, tije Bell System had, inddent to other develop- 
ments, wor ked out the problems involved in such trana- 

1. Long Lines Dept., .ASnaican Telephone and Telegraph 
QO., New York, N.Y. ' 

Preiented at the Regional Meeting of the South West District of 
the A. I. E. E., Dallas, Texas, May 7-9, 19S9. Complete copies 
• upon revest. . 
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factory transmission at the present time are enumerated. The ar¬ 
rangements of the networks as well as the procedures used in setting 
up and maintaining them are discussed, 

^ X* « ♦ r 


mission, and on numerous occasions had set up inter¬ 
connections of radio ^ telephone stations and public 
address s]rstems whldh were substantially the same as 
those required for broadcast program transmission. 
The telephone compahies, therefore, were able to meet 
this new requirem'ent for communication service early 
in the development of radio broadcasting. One of the 
first occadons of this type was in the fall’ of 1922, 
when the'description of the^^Chicagp-Princeton foot¬ 
ball game at Chicago was broadcast through station 
WEAF, then operated by the American Telephone and 
Telegraph Company, at New York City. Aliother of 
the earlier services was the interconnection of six 
broadcasting stations, one of which was in Dallas, for 
the simultaneous broadcasting* of President Coolidge’s 
first address to Congress on December 6,1923. Since 
that time tlfere has been ai steady and continuing 
growth in this service tmtil there are” now furnished 
by the Bell System more than 30,000 mi. of regularly 
established program circuits which connect in various 
coipbinations and at various times over 125 radio 
broadcasting stations covering the entire United States. 
The various stages of this development up to the 
•establishinent of a 16 station part-time network in the 
•latter part of 1924 are desmbed in a paper by Messrs. 
Poland and Rose, published in the January 1925 issue 
of Electriad CtmmunicaMons. 


. • 
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The first multi-station network for which special 
equipment was provided at key points on a permanent 
basis was initially called the “red network” for no other 
reason than that those cities which were to be con¬ 
nected were indicated on a chart by red liifts, and a 
memorandmn on the arrangements for the circuits 
referred to them' as the “network shown in red.” 
As other networks came into being, the convenience 
of a short color name for differentiating between them 
resulted in a rather general use of this form of designa¬ 
tion within the telephone companies, an4 it was not 
long before this nomenclature had spread among the 
•various broadcasting companies. 

Initially, this network service was confined mainly 


effectively makes the United States into one large 
auditorium. 

The general transmission requirements of circuits 
for the satisfactory handling of program material are 
not greatly different from those for good telephone 
connections. The nature of tjie program material is 
usually such, however, that the specific requirements 
for a network of program circuits are much more exact¬ 
ing than for the usual types of message circuits. 

These differences lie in the fact that for satisfactory 
transmission of speech from the message traffic stand¬ 
point the primary requisite is that the message shall 
be readily recognizable and intelligible with natural¬ 
ness of tones as an important but secondary considera¬ 





No. of 

Length 

Network 

stations 

in miles 

Red — 

NBO 

44 

10»800 

Blue — 

NBO 

11 

S«500 

Purple — 

OBO 

42 

7,600 

Green — 

ABO 

3 

1,900 

Pink* — 

ABO 

6 

1,700 

Oraaige — 

NBO 

6 . 

1,700 

WMte — 

PPA 

21 

3,800 

Brown — 

DL 

3 

450 



134 

31,350 


te evening hours and to sections where telephone mes¬ 
sage circuits could be obtained, but it soon became 
apparent that more time would be required than could 
be furnished on this basis, and as rapjdly as possible, 
program circuits specially provided for this purpose 
were made amiable on a larger scale. The routes of 
the regularly established program circuits of the Bell 
System in the United States on March 15, 1929, are 
shown on Fig. 1. These regular networks are supple¬ 
mented by special circuits which are establisljied for 
the Iransmission to the network control points of pro¬ 
grams picked up at the location of event of particul» 
interest or national importance. Also, on certain oc¬ 
casions, several of the chains have been merged into 
one, th^by formng a network of stations which 


tion; whereas the satisfactory trapsmission of programs 
for broadcasting purposes requires faithfulness of repro¬ 
duction of speech, music and incidental details with 
ifitelligibility and naturalness of tone of about equal 
importance. In order to achieve these effects it is 
necessary to transmit with reasonable uniformity a ^ 
wider range of frequencies , and volumes than is ordi¬ 
narily required fo» message traffic. 

For example, if properly utilized a frequency band 
2600 cycles in width will provide facilities for the trans¬ 
mission and ready interchange of ideas through the 
agen<^ of easily understantlable speech, whereas for 
program transmission with the present t 3 q)e of micro¬ 
phones, amplifiers, and loud spe^ers, a frequency band 
of Jbetween 4000 and 5000 cycles in width is usually 


t 
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required. Most program circuits at the present time 
transmit frequencies above about 100 cycles and below 
about 5000 cycles. The nofmal range of volumes in 
programs is usually much larger than can be success¬ 
fully handled by the present tsrpe of radio broadcast 
transmitters and recavers with the result that at the 
pickup point the amplification is adjusted from time to 
time to reduce the variations in voliime. This com¬ 
pression is such that for average broadcast material 
the momentary volume peaks vary over a range of 20 
to 30 decibels. The program transmission circuits are 
arranged to transmit satisfactory volume ranges 
of this order of magnitude. Since much of the char¬ 
acter of large symphony orchestras is contributed by 
variations in volume, it would undoubtedly add 
greatly to the pleasure afforded the radio listener to 
reproduce these variations even more faithfully. It 
is,to be expected, therefore, that within the next few 
years improvements in the broadcasting technique will 
be considered from various points of view and the net¬ 
work circuits will be called upon to keep pace with such 
developments. 


FOR PROGRAM TRANSMISSION Journal A. I. E. E. 

with means of rapid intercommunication. To increase 
the effectiveness of this organization the country has 
been divided into areas with one of the wire centers 
listed above designated as the control office for the 
contiguous area. Telegraph wires are provided con¬ 
necting each of the repeater offices within a given area 
with the area control point and the area control offices 
are in turn connected with New York. By the xise of 
these telegraph wires the reports covering the condition 
of the circuits and instructions regarding measurements 
and adjustments required in setting oup or rearranging ' 
the program circuits are handled. Due ^;o the method 
used in connecting the branches to the trunk circuits, 
the various area control offices are able to carry on their 
work practically independently of the other offices. 

To facilitate further the testing and maintenance of 
the network, the circuits within an area are further sub¬ 
divided into sections usually about 500 mi. in length. 
Certain offices are selected and designated as control 
points for these sections which are known as program 
circuit units and are established, tested and maintained 
as independent units. The units are designated by the 
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Fig. 2—Schematic Latotjt and Transmission Level Diagram of Dbnvbr-Omaha Program 
C iRCtriT Unit Arranged For Transmission from Omaha*to Denver 


The wire networks are arranged for the transmission 
in only one direction in the same manner as the broad¬ 
casting stations. This removes the problem of echoes 
and possible singing which is introduced where two-way 
transmission is required. It also permits a more simple 
treatment of the many connections between circuits 
involved in supplying programs to a large number of 
points. The networks are set up with main radial 
circuits over trunk routes from which branches feeding 
the various stations are taken off. At these brandi 
points the connection is accomplished with the aid of a 
one-way amplifier arranged to prevent any reaction on 
the trunk circuit by conditions on the branch circuit. 

New York City is the originating point of the red, 
blue, pm-ple, and white networks and from it the largest 
number of wire networks radiates. Atlanta, Cincinnati, 
Kansas City, Chicago, St. Louis, and San Francisco 
are also large network centers. The work of properly 
settii^ up the veritable web of circuits radiating from 
and intCTconnecting these points and properly safe¬ 
guarding the service, requires the constant attention of 
a large group of m^n strategically located and provided 


names of the two terminal offices and those between the 
same two points are nmnbered succesavely. Complete 
networks are established by connecting the necessary 
number of umts together. Any two program circuit 
units over the same route are so designed as to bie inter¬ 
changeable and a spare unit established for emergency 
or special use may be used to protect the semee on 
several networks, 

To illustrate the factors entering into the determinar 
tion of the proper set up of a circuit unit, the layout of 
the No. 1 Denvo'-Omaha program transmission circuit 
unit which is a typical one, as well as the’transmission 
levels at the various repeater offices, when arranged for 
teansmssion Omaha to Denver, is shown in schematic 
form in Pig. 2. It may be seen from this chart that 
the unit is so set up that the gain at each amplifier 
point just equals the loss in the preceding sections. 
» results in a uniform level at the output of each 
amplifier and permits the transmission of the program 
at a higher average volume level without overloading 
tte amplifiers or introducing interference into adjacent 
arcuits.. At each amplifier point there is, in addition 
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to the amplifier tfansmitting towards the next station, able so that it may be made to conform to the vaiying 
one which is used for monitoring the circuits and conditions likely to be encountered, 
making various service observations. An instrument In addition to the constant watch which is maintained 

known as a volume indicator is normally connected to through the length of the circuit, and particularly at 
this amplifier and is used to check up on the volume of all points where broadcasting stations are connected 
the transmitted program. It is also used sometimes to to the circuits during the traijsanission of programs, 
obtain a quick check of the strength of tones applied frequent tests are required in order to keep the circuits 
for measuring purposes although there is provided for in shape and prepare them for the periods of use. At 

the present time complete measurements are made on 
each program circuit at least once each day, and periodic 
test of a less comprehensive nature are made at fre¬ 
quent intervals throughout the day. On the complete 
over-all tests, a testing tone of the required strength and 
having a frequency of 1000 cycles per sec. is applied 
at the originating point of the section of network under 
test. 4-t each amplifier point in succession beginning 
with the originating point the level of the testing current 
is measured and reported back to. the control office. 

FREQUENCY-cYcus PER SECOND Such changes as are necessary to bring the level to the 

Pio. 3—Line Attenuation op Typical Repeater Section required valued are made and when all points have been 
OP A Pboqbam Transmission Circuit covered the frequency of the testing tone is changed and 



this purpose special precision transmission measuring 
apparatus. 

The line wires in this case are No. 8 B. w. g. copper, 
and are not loaded, which is the type generally used 
for program transmission. The incidental cables 
for entrance into cities are either No. 10 or No. 13 B. & S. 
gage and are loaded to have approximately the same 
characteristi3 impedance as the line wires; namely, 
600 ohms. The cut-off frequency of this cable loading 



is sufficiently high to permit the* operation of the carrier 
current telephone systems which are connected to these 
wires. The transmission loss at varidhs frequencies 
of a typical section of line wires with incidental cables 
is shown in Fig. 3.. The over-all gain at various fre¬ 
quencies introduced at typical repeater points is shown 
in Pig. 4. It may be seen that within the band which 
at the present stage of the art the circuits are designed 
to transmit, the gain is substantially complementary 
to the loss so that the resultant net loss in each repeatej 
section for the frequencies within this band is practi? 
cally uniform. The gain of the repeaters at the higher 
and lower frequencies relative to 1000 cycles is adjust- 



the procedure repeated. In general, measurements, are 
made at only about four or five frequencies covering 
the band which it is desired to transmit on the daily 
tests although in some cases it may prove desirable to 
measure at as many as forty different frequencies. 
After completing the adjustments at all necessary fre¬ 
quencies the testing tone is removed and the circuit is 
observed for any noise, crosstalk or other possible 
sources of trouble. A test program is then sent over 
the circuits and reports as to quality are made. To 
provide for making this last test, the more important 
control offices are ^quipped with a high-quality phono¬ 
graph pickup as well as microphones for talking tests. 

Another condition which requires careful coordina¬ 
tion on the part of the repeater and control offices is the 
practise of splitting a network at a specified-time to 
provide for the transmission of one program to a certain 
group of the network radio statiors while the remainder 
receive programs from a different source. These re- 
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arrangements may involve the creation of a new point 
as the temporary originating center, or switching a 
branch of a network feeding one or more stations from 
one network to another. Program ord^s are obtained 
daily from the broadcasting companies to cover the 
network set up reqijifed for each day^s program and 
these orders are transmitted from New York to the 
area control office using telephone tSTPewriters. The 
switches necessary for these rearrangements are then 
made under the directions of the area control offices. 

In the installation of the equipment at repeater 
stations and distributing craiters, care is taken to 
arrange the circuits so as to provide as great freedom 
from interruption as practicable and permit the quick 
rearrangement qf circuits which may become necessary 


during emergencies. The repeaters and associated 
equipment are grouped together with the telegraph wire 
terminations and this unit is usually located in a sepa¬ 
rate room. An ^cample of a part of the equipment 
arrangenfents at New York which is t 3 q)ical of the larger 
wire centers, is shown in Fig. 5. 

The foregoing discussion has considered program 
transmission netwo^ as they are today. At this time 
any attempt to predict the future course of develop¬ 
ment would probably requil^ rather extensive recasting 
at some subsequent time. It see^s fairly certain, 
however, that there will be continual improvements in 
the general broadcasting art and this factor is kept 
constantly in mind in the design of telephone circuits 
for program transmission, in the future. 
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Lightning Studies of Transformers 

by the Cathode Ray Oscillograph 


BY F. F. BRANDI s 

Member, A. I. E. E. 

Synopsis.—Stvdy of transformers has been under way for some 
time to coordinate the strength of transformers and transmission¬ 
line insulation under lightning conditions. This study has taken 
twQ^fwtms; firsts the transient dielectric strength of the line end of the 
winding and second^ the distribution of transient voltages and there¬ 
fore the stress caused by them throughout the winding. 

Theoretical studies and spark-gap tests of transient voltage 
distribution in transformer windings have been previously published 
by the Institute. Since then an extensive study of transient voltage 
phenomena has been made by the calhode ray oscillograph on power 
transformers connected tp a short transmission line and subjected to 
artificial lightning waves sent along the line. 

^ The effects of the transmission line, concentrated inductance, and 
transformer entrance bushings on traveling waves were studied, 
OS' well as the effect of traveling waves of various service conditions 
in producting internal oscillations in ordinary transformers: 

The non-resonating transformer wa>s studied under similar 
conditions. 

A striking agreement between the oscillographic records and 
theoretical conclusions previously published was found, sufficient to 
esU^lish beyond any doubt the following conclusions: 

1. Very high-voltage oscillations occur throughout the entire 
winding of evm a grounded neutral transformer. 

$. Points of the winding near the grounded neutral may rise 
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to 95 per cent of the crest voltage of a very short traveling wave 
(three microseconds long). 

5. Entrance bushings have a negligible effect on the shape of the 
incoming traveling wave. 

In case of sudden voUage changes, concentrated inductance in 
series with the transformer, unless by-passed by a 'suitable device, 
causes rise of voltage across the transformer terminals as y)ell as 
internally in the windings. 

6. Arcrov&r of line insulators by'a traveling wave^ produces 
severe oscillations in a transformer the amplitudes of which are 
roughly proportional to the arc-over voltage of the line insulalors. 

6. Grading the insulation between high voltage and low voltage 
and ground in ordinary transformers with grounded neutral is a 
dangerous practise whenrthe transformers are subject to lightning. 

7. All the above conclusions apply to concentric winding core 
type as well as interleaved and shell type transformers. From 
theoretical studies the nornresonating type of transformer has been 
developed and its action checked by tests. This type of transformer 
eliminates voltage oscillation within tile winding and therefore local 
concentration of transient voltage. 

An Appendix entitled Present Status of the Cathode Ray Os¬ 
cillograph on the Measurements of Transients, by IT. L. Borden and 
J.C. Dowell, both of the General Electric Company, Pittsfield, Mass, 
is included in the complete paper. 


Introduction 

Part I 

RANSFORMERS are, in general, reliable pieces of 
apparatus; in fact, their reliability is probably 
higher than that of any other electrical apparatus, 
but a ^all percentage of failures does take place and 
the majorit y of these is probably due to lightning. 

1 , Both of the General Electric Company, Pittsfield, Mass. 

Appendix. ' 

Presented at the Regional Meeting of the South West District 
No. 7 of the A. I. E, E., Dallas, Texas, May 7-9, 19B9. Complete 
copies upon request. 


The effect op tranrformars of high-frequency oscilla¬ 
tions and steep-front waves are to some extent similar, 
and a discussion of the effects of li ghtning in a measure 
covers the effects of other high-voltage transients. 

Part II 

Lightning Failures op Transformers 
Transformer failures sometimes occur directly through 
Ae major in^ation from high-voltage winding to low 
voltage or ground, either near the terminal or in the 
main body of the winding. 

Failures are more liable to occur between turns or. 
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coils of the same winding or in auxiliary parts con¬ 
nected to the winding, such as taps, tap terminal boards, 
or ratio adjusters. 

Failures which occur through the major insulation 
near the line terminal are due to excessive voltage 
applied to the transformer. 



Pio. 6 —^Eppbct op Peont op Teaveling Watb. 6600- 
£v-a. Teanspoeubb 

Top 

“Kzceedlngly stoep front" and long ttdl 

1. Voltage across transformer 

2, 3, 4 and 5 are voltages to ground at points 97.2, 50, 25, 2.8 per cent 
away ft-om groimd terminal with crest values of 97, 114, 75, and 18 per 
cent of applied voltage, respectively 

BoUom % 

Steep front’* and long tail 

1. Vhlti^ge across transformer 

2, 3, 4, and 5 are voltages to ground at 97.2, 50, 25 and 2.8 per cent 
away from ground end with cresVvalues of 03, 64. 24 and 6 per cent of 
applied voltage 



LENGTH OF THE FRONT IN PER CENT OF PERlft 
OF FUNDAMENTAL FREQUENCY, ALSO IN MICROSECONDS 

Fia. 7 —of Steepness of Fbont of the Tbaveun^j 
Wave on Voltage to Groitnd (Test) 

1. Point of winding 50 per cent away from groimd terminal 

2. Point of winding 26 per cent away from the ground terminal 

Failures occurring intanally in tiie winding or 
auxiliary parts are due not only to the volfage to whidj 
the transformer is subjected but to the nature of the 
suige and its effect in the riansformer. 

It is obvious tliat irrespective of what might be 


*'■ » ■ j 

« « ■ . f, 


called the internal effect of the surge on the transformer, 
some limit must be set to the voltage which may be 
applied to the transformer. If this is not done failure 
will occur in any transformer. 

Part III 

Limits op Voltage on TranWormbe Insulation 
The voltage required to cause breakdown by lightning 
is higher the greater the energy required for a particular 



lENCTH OF m mVE n PER CENT OF PERIOD 
OF FUNDAMENTAL FREQUENCy, ALSO IN MICROSECONDS 

Pig. 8—^Epfbot of thb Length of Tbavbling Wave on 
Voltage to Gbotjnd of Point of Winding 60 Pbr Cbnt Away 
Peom Ground Tbbminal (Test) 

kind of insulation. It is fortunate that the oil and most 
solid insulations require greater eno-gy to cause break¬ 
down than air, and therefore higher lightning voltage 
for the same 60-cycle strength. 

To determine the lightning breakdown voltage of 
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Pig. 10—^Effect of Bushing on Shapb of Traveling Wave 

m • 

(To avoid confusion two waves were displaced along time coordinate as 
shown) 

even the simplest insulation structure, requires a 
knowledge of the wave form of the applied voltage. 

When lightning sparkover of insulators is referred to 
it is usually based on data published by F. W. Peek, 
on the insulator sparkover imder artificial lightning 
produced in the Kttsfield Lab&ratory. 

Based on this wave form, a string of suspension 
insulators requires a voltage of approximately 1.8 to 
2.6 times the 60-cyele dry sparkover voltage to cause 

■ * • 
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lightning sparkover. Sparkovers caused by natural 
lightning have given the same range. 

Corrugated or petticoated«bushings such as are used 
for outdoor service require a lightning voltage from 
2.0 to 2.5 times the 60-cycle dry sparkover voltage 
depending upon desi^gn. 

Oil and other solid fibrous insulation such as that 



Fig. 11—Effect op Transformer on Incoming Traveling 

Wave 

1. Wave at the end of transmission line with transformer disconnected 
2^^^Wave at the end of transmission line with ti’ansformer connected 
(voltage across transformer) 
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Fig. 12—Effect of Series Inductance in Case op 
Traveling Wave op Vert Steep Front and Tail 
A Inductance of I.O /x h. 

1. Voltage applied across transformer and inductance in series 

across transformer. Crest value 115 per cent of the applied 
wave (Curve No. 1). Frequency of oscillation 333 kilocycles 

of ^iadlng 17 per cent away from the 
gromded end. Crest value 95 per cent of appUed voltage 

^ ^ No. 1 . Approximate 

effective capacitance of the transformer winding 0.00206 u f * • 

A Inductance of 0.24 M h. ‘ 

Voltage applied across Ihductance and transformer 

Crest value 100 per cent of the appUed 
•'“ocyoles. Note, front of the -Hrave No.^Sthe 
wtadiSoMio Mf. capadtence of the transformer 

7 

used in oil-immersed transformers require from 2.8 to 
*5 times the lightning voltage compared to 60-cycle 
on^minute breakdown voltage. These ratios are 
crest-to-crest value. 

fo of standard 

factory test voltage to 60 cycles to the breakdown value 


under lightning of completed transformers due to two 
causes: 

1. The completed transformer has a margin of safety 
over the factory test. This margin varies with voltage 
rating, being usually higher in the lower rated voltage 
apparatus. 

2. The ratio holds for a simple insulation test piece 
and does not take jnto accoimt the essential difference 
between the voltage distribution along a winding at 
low (that of Standard Insulation Test) and high (that 
of surges met in service) frequencies, 

Parts IV and V 

Parts IV and V of the original paper deal in a non- 
mathematical way with the laws governing the be¬ 
havior of a transformer finder high-frequency excitation 
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Fig. 13 Effect op ‘•Transformer .Losses on Damping op 
Transient Voltages 

Oscillations of shell type transformer caused by long traveling wave of 
eight microseconds front 
li^. Applied voltage 

2, 3Rf 4. Voltages at points 76 per cent, 60, and 26 por cent away from 
ground end, with crest values of lOO per cent, 90 and 46 por cent 


Part VI 

Tests by Cathode Ray Oscillograph 
In order J;o check previous theoretical studies of the 
behavior of transformers under lightning, and tests 
made by spark-gap measurements, a series of tests by 
an artificial lightning generator in connection with a 
short transmission line has been made by the cathode 
ray oscillograph. 

Where convenient several oscillograms were re¬ 
corded on the same film. In such cases some waves 
were taken above the zero line, then the polarity of the 
oscillograph was reversed and the remainder of the 
waves recorded downward below the z&o line. The 
^ves obtained with reversed polarity are marked R. 
The cr^ value of the wave at the transformer end 
of lie Ime (see Pig. 20) was considered as unity and 

S tto^dS expressed in per cent 

»The voltage of any given point of the winding to 
gro^d IS considered “nonnal” if it is the same per- 
centage of the crest of the applied wave as it is under 
normal operating frequency excitation. Excess over 
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this value is called “overvoltage” and is expressed in 
per cent of the “normal” voltage. 

The tests were made on an overhead transmission 
line over two miles long having a surge impedance of 


Z//7<r Vclfctcfii 
Wwfthcut Tratosibrnie.r'^ 


T'rbfrts e. r- 
it 5% from 





Microseconds 


Nor)- Trans 


Fig. 14— ^Non-Resonating. Transformer 

1. Voltage wave at the end of transmission line with transformer 
disconnected 

2. Voltage wave at the end of the transmission line with transformer 
connected (voltage across transformer) 

3. Voltage at 63 per cent point. Orest value 63 per cent of applied 
voltage 

Note No. 3 a practical duplicate of the shape of No. 2 in spite of the fact 
that the transformer was out of oil and electrostatic imbalance was created 
thereby 



To date more than 600 records have been obtained 
representing a very wide range of service conditions 
affecting the voltage transients. 

The agreement between’theoretical predictions^ and 
experimental results is striking. 

In the original paper, general laws are stated cover¬ 
ing the effect on transformer oscilldtions of the front, 
length, and tail of a traveling wave; also of entrance 
bushing and the concentrated inductance (like reactors, 
current transformers, etc.). 

Effect of Inductance in Series'With Transformer 

Inductances, such as current- limi ting reactor or cur¬ 
rent transformer, if not bridged by a proper by-pass 
device, enter into oscillation with the effective capacity 
of a transformer to which they are connected where 
struck by traveling wave. 

Such oscillations may create vwy severe overvoltage 


100 90 80 70 6D so W 30 20 10 0 

mo ™ ® 

Pia. IS^IMWLTANBOVS VOLTAGE TO GbOVND PbODUCBD BY A 
SiNQiiB Tbatbling Wavb (Tbst) 

1, At the instant of impact (“initial” voltage distribution) 

2,3,4, and 6.-3,14,18 and 24 microseconds later respectivdy 
Dots show results of calculation (same as curve 3, Fig. 2) of maximum 
voltage to ground 

• o 

360 ohms. The following apparatus was used at 

various times in the tests: 

6600-kv-a. 110-kv. circular coil type transformer 
1000-1^-a. 44-kv. shell type transformer 
Air-core inductances of 1.0* amd 0.24 millihenry 
110-kv. solid insulation transformer bushing having 
a capadtance of 0.00024 microfarads. , , 

Various protective spark-gaps with and without re*, 
sistance in series. 



Pig. 18—220 Kv.- and 37,000-Kv-a. (EomvALBNT Capacity) 
Thbbb Winding Non-Resonating Tbanbbobmbb 

fiOO-lcv, insulation test 


insids of the transformer and cause voltage across the 
transformer in excess of the crest value of the incoming 
wave. These os( 5 illations also take place in case of 
arcing grounds or switching. 

Inductances of fciuch smaller -vdues have negli^ble 
effect on incoming Wa,ve but also enter into osciUation. 
overstressing the line end. of the transformer winding, 

4. ESect 0 / Transient Vmage on Power nansformer 
Design, by K. K. Palueff, A. I. B. E. Quarterly Trans., Vol. 48, 
April, 1929. 
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Part VIII 

The Non-Resonating Transformer 

The reason that the voltjge distribution in a trans¬ 
former under suites is not uniform and that oscillations 
take place may be briefly stated to be: 

Because the electipstatic charging current of the 
ordinary transform’er has to flow through the winding. 

If the electrostatic chai^ng current is directly sup¬ 
plied to the various parts of the winding in the proper 
proportion, then unequal voltage distribution and 
oscillations, will be eliminated. 

This principle is the basis of design of the non¬ 
resonating type of transformer. At the present time in 
conomercial designs, it is limited to transformers operat¬ 
ing with neutral grounded directly or through a 
moderate impedance. • 

Thus by properly proportioning the electrostatic 
characteristic of the transformer, the voltage distribu- 


The mechanical design of the transformer follows 
long established practise, lending itself readily to 
assembly and handling, and embodies the usual de- 
sirable cdiaracteristics such as free oil circulation and 
ability Ao withstand short circuit stresses. 

In the new transformer, voltage stresses between 
txims and coils under lightning conditions are reduced 
in the order of from 10 to 1 to 100 to 1. The over¬ 
voltage to ground caused by oscillations being elimi¬ 
nated, results in decreasing the stress to ground some¬ 
times as much as 6 to 1. The elimination of locab 
excess voltage between turns an(f cc^ls reduces the 
probability of arc-over of tap terminal boards, ratio 
adjusters, etc. 

The proportion of vgltage stress in all p^ of the 
winding under all conditions of voltage and frequency 
remains the same as that during the factory insulation 
test, which therefore becomes a real measure of the 
ability of the transformer to resist lightning. This 
never could be tested correctly before. 



Fia. 21 —Oscillations Along Winding Due to Short 
Traveling Wave of “Exceedingly SteEp^ Tail, Produced 
BY Sparkover of Linb Insulator 


1 . 

2 . 

3 . 

4 

5. 

6 . 

7. 

8 . 
9. 


The traveling wave appUed to transformer 
Point 97.2% from ground end—Orest 100% 
Point 83.3 % from ground end—Crest 82 % 
Point 75% from ground end—Crest 96% 
Point 60% from ground end—Orest 62% 
Point 33 % from ground end—Crest 61 % 
Point 26 % from ground end—Crest 79 % 
Point 16% from ground end—Orest 79% 


Point 2.8% from ground end—Orest 13% 


of appUed voltage 
of appUed voltage 
of appUed voltage 
of appUed voltage 
of applied voltage 
of appUed voltage 
of appUed voltage 
of appUed voltage 


tion throughout the winding is made a straight line 
falling from line terminal to ground, irrespective of the 
frequency or wave shape of the applied voltage. 

Ih practise,^ tixe non-resonating winding is uniform 
^d concentiic with the low-voltage winding. The 
coils are relatively narrow. Standard circular coils are 
used, connected together successively at the inside and 
outside turns, so that cfbss-connections from inside 
to outside of coils are avoided. 


In such a transformer, since all voltage stresses axe 
under complete control and are made uniform through¬ 
out the winding for all frequencies, the reliability 
will naturally be much greater than in ordinary 
transformers. 


FOUNDRY COSTS REDUCED BY LIFTING 
'MAGNETS 

r 

lifting magnets may be advantageously used in 
gray iron foundries for many material-handling jobs. 
Some of the direct possibilities were pointed out by 
iUbert Walton, consulting engineer, of Philadelphia, at 
the recent convention of the American Poundrymen’s 
Association. As mentioned by Mr. Walton, magnets 
may be used for unloading pig iron and scrap from rail¬ 
road (^, for stocking this material in the yard and for 
h^dling it'to cupola charging boxes smd buckets. In 
direct cupola charging, if the operation is continuous 
for a number of hours, it is advisable to use two magnets 
alteimtely, since one will heat up considerably in 
continuous use. The change, however, does not have 
to be made oftener than every one and one-half to two 
ho^. Magnets may be used for the handHng of iron 
slabs on tiie molding floor and also for lifting iron or 
steel copes, picking up and transferring castings to the 
c e^ng room or to suitable trucks and .for going over 
moldmg floors after the castings are removed and 
picJang up gates, risers, nails and other pieces of iron 
and steel. By the use of magnets on the work described 
a reduction m labor cost caji be made down to one- 
tenth of what It would be without mechanical appU- 
anc^. A single ^gnet installation will replace ten or 
twelve men on this class of work and it will do the work 
more effectively and qvicker.—Eleetrical World. 
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Meeting Long Distance Telephone Problems 


BY H. R. FRITZ* and 

Associate, A. 1. E. E. ^ 

Synopsis.—There have been 'presented before the Institute 
numerous papers describing various technical and apparatus de- 
velopments of value in providing long distance telephone service. 
Several papers have also appeared covering specific transmission 
or operating problems, or dealing wiih the advance planning of the 
telephone plant. Feeling that it might be of interest^ particularly 
to the young engin^eriitg graduates, the writers have prepared this 


H. P. LAWTHER, Jr.» 

Associate, A. I. B. E. 

overall sketch of the general problem of'^actually providing, year by 
year, the extensions and additions to a comprehensive network of 
communication channels necessary to keep pace with a growing 
public demand for long distance service. Since the 'writers are most 
familiar with the area served by the Southwestern Bell Telephone 
Company, the discussion will be restricted to that territory. 

♦ ♦ ♦ ♦ » 


T he Southwestern Bell Telephone Conii)any 
operates in the states of Missoun, Arkansas, 
Kansas, Oklahoma, Texas, and a small section of 
Illinois which is socially and economically associated 
with greater St. Louis. This is primarily an agri¬ 
cultural region but there are several large manufactur¬ 
ing centers and extenrive areas devoted to oil and 
mineral production. The great difference in climatic 
and soil conditions which exist over such a wide terri¬ 
tory naturally brings about a diversity of agricultural 
interests. Local seasonal peak demands for long 
distance service occur at the times when crops must be 
marketed and moved. 

Because of its fortuitous occurrence and the sudden 
and imperative demand for long distance service at¬ 
tending its discovery, oil creates Ahe most difficult 
problems. Through some preverse trick of fate, the 
deposits have been found uniformly in areas otherwise 
of no great economic importance and having either no, 
or very little, telephone development. 

Contributing more than any other item to the 
problem of keeping abreast of the demand for long 
distance service is the fact that the* Southwest is still 
immature in the social and economic s^e, and is 
growing lustily, and at a rate which rarely fails to 
exceed the most optimistic forecasts. * 

Beside these purely local peculiarities which con¬ 
tribute to the problem, there is the generally increasing 
demand rfor long distance service on the part of the 
public. Based fundamentally on the increase of wealth 
and prosperity, traffic growth has been accelerated by 
bettw service and reduced rates. New and improved 
apparatus and methods become available from time to 
time—and not the least of the tasks of the field engineer 
is the more or less continuous modernization of an 
existing plant. 

With this picture of the factors affecting the demand 
for service, it will be interesting to note the extent and 

1. Southwestern Bell Telephone Co.,* St. Louis, Missouri. 

2. Southwestern Bell Telephone Co., Dallas, Texas. 
Presented at the Regional Meeting of the Sout^ West District 
No. 7 of the A. I. E. E., Dallas, Texas, May 7~9,1999. Complei^ 
copies upon request 


complexity of the long distance network required. The 
map, Fi^. 1, shows the principal towns dnd cities of the 
Southwestern area, and the single lines connecting them 
represent circuit routes. There may, of course, be a 
large number of communication channels on each route. 
Not all of the cities and towns, and not all of the cir¬ 
cuit routes shown are Bell owned and operated. Long 
distance service must be universal and considered in¬ 
dependently of who owns and operates the plant. 

In addition to the network shown on Fig. 1 there iS 



* Fio. 1 —^Lono Distance Lines 

the long distance telephone plant of the Long lines 
Department of the American Telephone and Telegraph 
Company. This department is organized to supply 
the extreme long distance facilities necessary between 
the several Associate Company areas in order that 
imiversal service may be realized. This paper does 
not include consideration of •the Long Lines'Depart¬ 
ment's plant or its problem. 
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The fund^ental requiremenfa of any link of a 
system of long distance facilities is that it must talk 
satisfactorUy. It must be capable of transmitting 
speech easily and without undue effort on the part of 
the users. To accomplish this, there must be: 

1. A s^cient ;irplume so that speech may be 
received with ade(|uate loudness. 

2. Freedom from distortion so that speech will be 
sa,tisfactorily intelligible. 

3. Freedom from extraneous interference. 

Each circuit, together with all of its associated equip¬ 
ment, must be designed to comply with these basic 
requirements. Not only must it furnish adequate 
transmission as an individual unit, but it must also 
perform ^^actorily as a link of the whole system. 

In ad^tion*to regular long distance telephone com¬ 
munication, it is necessary that certain specif services 
be furnished. The radio public demands the 
broadcasting of programs and the frequent up 

of programs at points remote from the radio trans¬ 
mitting stations. This requires the setting up of veiy 
. reliable and extremely high quality telephone channels. 
Extraordinary freedom from distortion and noise is 
•necessa^, since even with the pafection of modem 
amplifying and loudspeaking devices the quality of a 
radio program must exceed that of a simple transmittal 
of intelligible speech in order that it may prove en¬ 
able. The simultaneous operation of telegraph 
over wire facilities primarily placed for tdephone service 
has long been practised. Telegraph facilities, then, 
are a by-product of the telephone business, and economy 
^ctates that these be made use of as fully as practicable. 
Picture transmission is still before the public for trial. 
Should a widespread demand develop, it will be neces¬ 
sary to set up a network of communication r»hgniioiB 
^ surpassing all previous* stanydards* 

, There are three types of fhci^ti^ available for provid¬ 
ing long distant circuits»;; Th^e afeippen-wire, carrier- 
c^nt systen^^superi^se^iqn open jvire), and cables, 
^e first two ar^c^Stoiy^ihtmTelated and are of service 
in toe early ^d intermediate stages of development, 
while the last is the final goal of progress at the present 
stage of the art. 

Open-wire was toe first and is still the maiti reliance 
for providing circuits in this country. In a large area 
of low population density, such as that of the South¬ 
west, open-wire must constitute the bulk of the pl^t 
for a number of years to come. Three sizes of copper 
wire now find general appUcation. These are desig¬ 
nated 104, 128, and 166, the figures indicating the re- 
^eetivfe diametera in thousandths of an inch. Im¬ 
proved transmmon through the 'hse of copper wire 
teller to^ 166 is unduly expulsive, while sizes smaller i 
do not possess the requisite mechanical ( 

strength for renting top stresses of storms. Copper i 
opm-wire cncuits possess electrical characteristics so * 

engmeere. With toe aid of suitably spaced telephone r 


repeaters they may be extended t^. practically any 
tostance. Iron wire has lost its place^j^a plant de- 


g signed for universal service. Having,- when new, a 
f transmission efficiency only one-fourth that of the same 
size of copper, due to corrosion, iron wire becomes pro- 
B ^essively worse from the day of its instaUation. This 
instability renders it wholly unsuited to the application 
e of telephone repeater improvement and thus so seriously 
r^tricts its flexibility that it has been determined to 
eliminate iron wire completdy from the long distance 
- plant. The application of the principle of loading to 
2 open-wire facilities has been rendered'totally obsolete 

2 on account of the better performance and greater 
) flexibility of non-loaded open-wire with repeaters. 

It is generally imposable to continue in open-wire up 
to the central office in a city. In such iTi,«ri-Au <» p s, it is 

3 toe practise to terminate the open-wire out beyond the 
t dty congestion and to bring the circuits into toe office 
> over specially designed entrance cables. These en- 
■ trance cables must often be of considerable length and 

add materially to the transmission losses. Through 
. the application of toe proper systems of loading, toe 
I cable circuits may be made to match toe impedances of 
I the open wire circuits, and thus preserve the full possi¬ 
bilities of telephone repeater operation. 

For several years now carrier-current ^^stems have 
been available by means of which additional telephone 
(toannels may be derived from existing and suitable 
open-wire facilities. For distances beyond certain 
minunum flgures, these carrier systems yield telephone 
chaimels more Monomically than possible through the 
placing of additional op^-wire. The outstanding use-' 
fulness of carrier systems, however, lies in toe increased 
capacity they confer upon aa existing open-wire struc¬ 
ture. It is thus possible to defer heavy expenditures 
for major relief. 

There are two fypes of carrier telephone systems in 
gene^ use. One provides three additional telephone 
(urcuits besides toe one furnished by ‘toe pair of wires 
ovCT whidh it must operate. Under favorable con¬ 
ditions it is economical as compared with stringing of 
wire for distances of as short as 150 miles, and by the 
use of carrier repeaters spaced at regular intervals it 
may be extended to any distance. The other provides 
one additional talking circuit and finds'its application 
wito distances between 50 and 200 milps 
•At the higher frequencies of toe carrier systems toe 
attenuation (Offered by toe open-wire circuits is greatly 
^eased over that experienced at voaje frequencies. 
When it is remembered that cross-talk effects increase 
almost directly with frequency and are a function of the 
energy level differences between the disturbing and the 
disturb^ circuits it win Be realized that the application 
of earner ss'stems to an open-wire lead may present 
serious diffigilties. Transposition arrangements quite 
«atisfactory for voice frequencies are totally inadequate 
for the carrier range. Special systems of transpositions 
must therefore be employed which> in addition to 






July 1929 


FRITZ AND LAWTHBR; MEETING- LONG DISTANCE TELEPHONE PROBLEMS 


making use of extremely elaborate patterns, must be 
spaced with great precision. 

The necessary entrance cables which complicate 
voice-frequen<gr transmission problems constitute a 
proportionately more serious problem at earner fre¬ 
quencies. To reduce attenuation and to limit re¬ 
flection effects, the cable conductors must be smtably 
loaded for carrier operation. For tlip frequency range 
employed by the three channel system, loading coils 
must be placed at 930-ft. spacing. In the case of 
hnderground constqiction, it is rarely possible to realize 
this ideal spaciiig on accoimt of manhole locations. It 
then becomes necessary to place the loading coils at 
something less than the theoretical spacing, and to 
build out the short sections to, the required capacity 
by means of special stub cable connected in shimt with 
the loaded conductors. In order to avoid carrier cross¬ 
talk in entrance cable it is necessary to maintflin a 
degree of segregation among the conductors assigned 
to carrier operation. 

Despite daborate preparations in the form of special 
transposition of the open wire and loading and segrega¬ 
tion of entrance cable conductors, it is still not possible 
to operate carrier systems indiscriminately on any 
open-Tvire lead. Serious energy level differences and 
opposite directions of transmission with the frequency 
groups must be avoided. All the systems on a lead 
cannot always be coterminous, for a lead may be 
hundreds of n}iles in length, while carrier sj^stems over 
it will serve various intermediate* and overlapping 
lengths*. ♦ At any intermediate point it may be desirable 
to introduce a system tenhinal with its high output level 
to operate in parallel Avith other systems whose energy 
has been greatly 'attenuated in transmission from dis¬ 
tant terminals. Such differences in level have to be 
minimized either by separation on the pole head or by 
the introduction of repeaters to raise the lower energy 
levels. Junctions with other open-wire lines and the 
generally complex nature of the open-wire netiwork give 
rise to situations-such that it is practically impossible 
to realize completely the tiieore|ical carrier possibilities. 

Further exploitation of the renaaining carrier poten¬ 
tialities on ophn-wire leads is block^ by the use of 
phantom circuits which definitely limit the transposition 
refinements needed to restrict tiie CTOss-talk. For 
important open-wire leads confflderation is therefore 
being given to abandoning phantom circuits on all wires 
of the first four arms, Kccept the pole pairs. A further 
simplification oS the cross-talk problem can be made by 
reducing the spacing between the wires constituting a 
p^ from 12 to 8 in. and correspondingjy increa^ng the 
spacing between pairs from 12^9 20 in. 

The nature of the long distance telephone develop¬ 
ment and the growing requirements of the Southwest 
have furnished a particularly favorable l^gld for thej 
application of carrio: telephone. The distance between 
many of tiie more important cities is from 200 to 300 
mi., and the three-cl^nel i«rstem has been made large 


use of in spanning these. The single-channel system 
has found equally widespread application. The use of 
carrier telephone has grown imtil the present day finds 
some 35,000 mi. of telephone channel obtained by this 
means in the Southwest. The map of Fig. 2 shows the 
extent of this development, which*fepresents about one- 
sixth of that of the entire United States. 

From the discussion so far it is clear that with any 
open-wire lead the condition will be reached ultimately 
when the maximum wire load is in place and the fullest 
possible use of carrier has been made. It then becomes 
necessary either to build additional open-wire lines or 
else have recourse to some other means. Where the 
circuit growth is sufficiently rapid, economic studies rule 
in favor of cables in place of building onp or more sup- 



plementary open-wire lines. In addition to proving in 
from a strict economy standpoint, cables offer many 
advantages as a medium, for long distance circuits. 
Increased freedom from interruptions due to phjrical 
failtire of the plant, lower susceptibility to external 
interference, and more stable operating conditions are 
some of the beaefits accruing. In the territory of the 
Southwest, the condition is rapidly approaching when 
cables will be needecLbetwerai nearly all of the important 
centers.' To naeet this rituation a cable program has 
been adopted for the period 1929-1933, which will 
connect most of these points. This is shown on the map 
of Fig. 3. Of the cables in tiie program the sections 
between Oklahoma City and Tulsa, Oklahoma City and 
Holdenville, an.d Dallas and Cisco are under way and. 
will J>e completed during 1929. As it now stands, the 
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program provides for a total of approximatdy 2600 
miles of cable for the five years. 

The Tulsa-Oklahoma Cijy and the Fort Worth- 
Cisco sections of the cables mentioned above will 
represent a unique departure from the previously 
standard practises of ,this country. The usual lead- 
covered cable is to*be manufactured and then given a 
protective coating including several layers of jute and 
tar and two servings of steel tape armor. A trench is 
to be dug and the cable simply placed therein and 



covered up. When it is realized that a standard 750- 
ft. length of this armored cable, together with its red 
will weigh about five tons and that the route is to be 
strictly cross-country, it will be appreciated that some 
interesting construction difficulties must be met and 
TOlved. It is planned to present the story of these 
installations to the Institute at a later date. 

Whether the channels for long distance circuits hre 
derived by means of open-wire carrier systems, or 
cables, elaborate installations of equipment are re¬ 
quired at the circuit terminals and at the intermediate 
repeater stations. The placing ef this equipment 
and Ihe providing of the necessary building space for 
houmng it constitute major problans. Building ad¬ 
ditions must be made or even complete new buildings 
^ted, new equipment'toust be installed and placed 
m service, and existing working equipment must be 
relocated to best advantage—^all without interrupting 


the service. Also, irrespective of fhe means used to 
derive the communication channels, arrangements 
must be made at the terminal offices whereby any two 
circuits may be connected together and a built-up con- 
nection*thereby established between two terminals not 
having direct-circuit connection. The problem comes 
in arranging for such interconnections with the result 
that built-up coniiections shall satisfy the same funda¬ 
mental transmission requirements as are demanded of 
the individual links. To meet the volume requirement 
it is essenijal that a definite gain be inserted whenever 
two circuits are coimected together. The practise of 
the past has been to provide with repeaters certain of 
the cord circuits appearing at the switchboard positions 
which handled switched traffic. The fundamental 
weakness of this method lay in the fact that the in¬ 
sertion of the proper gain was left in the hands of a 
very human operator, and there was always the possi¬ 
bility of its being omitted. The latest practise elimi¬ 
nates this element of human fallibility. The switch¬ 
board positions are equipped with but one t 3 T)e of cord 
circuits. When a connection is established between 
two long distance circuits the proper gain is auto¬ 
matically provided; when a connection is established 
between a long distance circuit and a local telephone no 
gain is inserted since none is necessary. The distortion 
and interference requirements are met for built-up 
connections simply by causing the individual links to 
meet sufficiently high standards in these respects so 
that a chain of four or five in tandem will still yield a 
satisfactory grade of over-all transmission. . ' 

An interesting review of the growth of t^e various 
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types of facilities used to.derive long distance telephone 
OTcuits m the Southwest is shown on the diagram of 
Rg. 4. The rise and fall of iron wire, the abrupt rise 
*0 prominen'ce of carrier systems and cables, and the 
rapidly mounting total are significant of the present 
trends. 
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Abridgment 

Developments in Network Systems and 

Equipment 

BY T. J. BROSNAN‘ ’ and RALPH KEIJLY* 

Non-Member Associate, A. I. £ HK 

Synopaia. —This paper in its complete Jprm preae'^te in brief made in the design of the apparatus as a result of experience, some 
reeiew the dwelopmm of the automatic network system in the of the problems that have been faced in the ap'^ication of the system, 
seven years since its introduction. It covers the interesting features and finally the lines along which thought is now being directed in the 
fif design found in the different systems, the changes that have been future development of the system. 


T here has been a great deal written in recent 
years in regard to the a-:C. low-voltage network 
type of distribution sysian. The various re¬ 
quirements which caused such a S3?stem to be evolved, 
the fundamental principles of the design and operation 
of such a system, and the equipment used in it have 
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Fig. 1—Diagram of Small Automatic Secondary Network 
System Supplied by Three Interlaced Radial Feeders 


been described in various technical papers. It is fdt, 
however, tibat it would be interesting at this time to 
review the growth of the network system and to observe 
what developments have occurred in its design and to 

1. Qeneral Bngmeer, Westinghouse Elec. & Mfg. Co., East 
Kttsbui^li, Pa. 

2. General Engineer, Westinghouse Elec. & Mfg. Co., 
St. Louis, Mo. 

Presented at the Regional Meeting of the South West District 
No. 7 of the A. I. E. E., Dallas, Texas, May 7-9, ^99. Complete 
copies upon request. 


point out what changes have been made in the ap¬ 
paratus used as a result of the experience gained and 
in order^to meet the requirements of wious tjqjes of 
systems. 

A single-line diagram of an automatic secondary 
network system is shown in Fig. 1. The United Elec¬ 
tric Light & Power Co. installed the first system of this 
type in the up-town district of New York City in 1922.* 

In this country, 22 companies now each have a 
system of this type in operation, six are installing it, five 
have decided upon it, and it is being given serious con¬ 
sideration in at least 20 other localities. The network 
has been introduced in four foreign cities,—one in 
Cuba, one in Mexico, and two in South America,— 
and is being seriously considered by one other Sooth 
American and one European city. In all of these 
systems the fundamaital principles of the original 
design have been retained, but the details of the layout 
have naturally b^n adapted to meet local conditions. 

Network Protectors 

The piece of apparatus that has made the automatic 
network system possible is the network protector. • 
Although there was no extensive experience on which* 
to base the original design, it is worthy of note that 
with only minor modifications it has stood the test of 
service for a period of five years. During this period the 
protectors on one system were called upon to opai or 
dose a total of more than 200,000 times and the num¬ 
ber of times that they failed to function properly 
amounted to less than four-tenths of one per cent. The 
reports on the operation of the switches on other large 
network systems show even bettw results. 

About a year and a half ago it was decided to make a 
complete redesign. A new network protector was 
brought out which retained all of the operating prind- 
ples of the original unit but had incorporated in it the 
features that five years’ experience had shown to be 
desirable. Two views of this type of protector mounted 
in a subway housing are shown in Pigs. 2 and 3. 

3. Underground A-C. Network Distribution for Central 
Station Systems, A. H. Kehoe, A. 1. E. E. Trans., Vol. XLIII,' 
1924, p. 844, 
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Because of the good service it had given in the first 
t^e of protector, the ^cuit breaker type of construc¬ 
tion was retained. A rather novel arrangement was 
adopted, however, by means of which the moving con¬ 
tact is made an integral part of the main copper bus 
and is simply laminated to give the needed flexibility. 

The advantages of a motor-operated closing mecha- 


The action of the motor is transmitted to the breaker 
through a system of levers which has been so designed 
that the breaker is locked closed by the action of a 
toggle joint being drawn over the center. As a result 
of this,* no latching triggers are in motion while the 
breaker is closing and the danger of the breaker failing 
to remain closed in minimized. 



Fia. 2 —^Netwobk Protector with Control Panel, Closed 

nism over a solenoid type in the reduction of the jarring 
at the time of closing, the reduction of the current 
re(Jthred to perform the operation and the consequent 
reduction in the size of the device required to break 
this current has been appreciated for some time. This 
type of device was not used on the original unit, how- 



Pra. 3 ~Nbtw&rk Protector ^ith Control Panel Swxtng 

Open 

because of the lack of a Stable low-speed motor 
mechanism induding a trip-free feature to permit the 
protectctt* to open, at anytime without retardation due 
to the action of revolving flyballs. Such a mechanism 
was devdoped and the motor was adopted as the 
standard dosing device in the new protector., 


The shunt trip,device was adopted as the standard 
in the new protector but only after the d^gn of the 
entire mechanism was made such that as little as 15 
volts impnessed across the shunt tfip coil will supply 
the en^gy required to cause positive operation. It is 
not likely that a condition will ever present itself where 
less than 15 volts will be available for tripping. 

One of the biggest problems confronting those who 
designed the first network protector was the develop¬ 
ment of a type of relay in which could be centered the 



Fia. 4 —Thbeb-Phabb Nbtwoek ^Rblat (Glass Covbb and 
Terminal Chamber Covers Removed) 

entire control of the protector. The satisfactory man- 
UCT in which this design, was worked out is shown by 
operating records which indicate that only about 25 per 
c^t of the vay small'amount of trouble experienced 
witii the ori^al protectors can be charged against 
tiie relays. It is true, howeyer, that the design was 
rather complicated and in redesigning the foremost 
purpose was to simplify and at the same time retain 
and improve the operating characteristics. 

A three-phase rela,y wqs developed to take the place 
of the three single-phase relays that were formerly used. 
The thr^phase rday has decidedly better closing 
gharacteristies than the single-phase type and also 
fives somewhat better performance under certain 
secondary fault conditions. 

The detailed design of the three-phase master relay 
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represents a decid^ simplification. It has been possi¬ 
ble to design a relay having wattmeter tripping and 
approximately wattmeter closing characteristics and 
still eliminate the holding coil, adjustable slide wire 
resistor, fixed resistor and auxiliary contactdlr which 
were required in the first network protector relays. 
A view of the three-phase relay is shown in Fig. 4. ‘ 
j;;". There are system conditions imder^which pumping,— 
that is, periodic opening and closing of the network 
protector,—^might result with a three-phase relay as 
Veil as with the three single-phase relays. .JPo prevent 



Pia. 6-*-SlSI>AEATJilLY MoUNTUD GEOTJNDINa ANB DlSOONNBOTINa 
..Switch 

% 

this a single-phase relay known as a phasing relay is 
supplied along with the three-phase master rday. 
When acting along with the master relay the phasing 
relay. prevents the protector from* closing under any 
conditions where the current that would flow after 
closing might cause the protector to reopen a^n and 
thereby absolutely prevents' pumping actidh. ‘ 

The entire d^gn of the new protector has’been 
worked out on the basis of maximum accessibility for 
maintenance "and repairs. Evaything is mounted On 
the front of the panel and the raitire protector has been 
built up on the unit principle. 

Network Tran^rmees 
In ilie first network systems instalj^ed the trans¬ 
formers used were of the same standard type as those 
on the radiaf systems. Since that time, however, it 
has been found desirable to incorporate other features 
so that there has developed what is commonly called 
a network transformer particularly designed for service 
on this type of system. 

Although only one-third of the companies operating 
or installing network systems have thus far decided to 
use any three-phase network transformers, still thS 
number is continusdly increasing and there is a definite 
bTMid towards the use of tiiis.type, particularly in those 


systems where new transformer manholes are being 
built and it is a relatively easy matter to provide the 
larger opening required. , 

It is considered desirable to locate at each transformer 
bank some device for grounding the feeder which 
supplies it. A man working on ^he feeder cable or any 
of the high-voltage apparatus connected to it can then 
make sure that the feeder is grounded in the immediate 
neighborhood of the section on which he is working. 
The first device brought out for this purpose consisted 
of a small switch mounted inside the transformer. 

As operating experience grew it was foxmd that it 
woiUd also be desirable to have some means of discon¬ 
necting each transformer from its feeder as an aid to 
testing and in order to keep any transformer out of 
service Jjecause of failure or for. an^ otho- reason 
without keeping an entire feeder deenergized. This 
resulted in the development of the three-pole three 
position switch mounted in the high-voltage terminal 
chamber. 

In the case of single-phase transformers the advan¬ 
tages of mounting the switches in the terminal chambers 



Pia. 7 —Single-Phase Nbtwoek Teanseoembe Using 
^ , Extbenal Rbaotoes 

still exist but a somewhat more difficult problem pre¬ 
sents itsdf since it is necessary to mount a two-pole 
switch on eadi sipgle-phase unit. The San Antonio 
Public Service Co. decided on the use of single-phase 
transformCTs in the network system that is now being 
installed and rather than use a separate switch on each 
transformer adopted tiie plan of using a three-pole, 
three-position switch mounted apart from the., trans¬ 
former. A view of this switch with the front plates 
ranoved is tiiown in Fig. 6. 
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Tap changers which may be operated by handles 
brought through the cover of the tank are supplied in 
network transformers. It has been found desirable in 
service to have some control of the ratio of the step- 
down transformers and the tap changer has been 
adopted as the simplest means of accomplishing this 
with the transformer'disconnected from the circuit. 

One of the important questions that presents itself 
to any company designing a network system is the 
value of reactance that should be used in the network 
transformers. The higher the impedance of the trans¬ 
formers as compared to the impedance of the secondary 
tie cables, the better will be the load division. Since a 
network is designed so that any feeder and all of the 
transformers connected to it may be taken out of service 
and left out indefinitely, it is rather important that the 
remaining transformers share the extra load as much as 
possible. Besides improving the load division the high 
reactance also has the advantage of reducing circulating 
currents between feeders which in turn leads to more 
stable operation of the network protectors, particularly 
, under light-load conditions. These two considerations 
have caused the large majority of companies operating 
network systems to adopt the policy of using ten per cent 
impedance at the transformer banfe. 

If a company decides to use transformers having ten 
per cent impedance, the next problem is to determine 
the most satisfactory manner in which to obtain the 
iirci^ased value. There are three methods that have 
been used up to the present time. The first method is 
to have the increased reactance built into the inherent 
design of the transformer by coil spacing and grouping. 
In the second method the increased value is obtained by 
the use of shunt iron paths in the transformer. As a 
third means, tranrformers having standard reactance 
^ may be used and this can be raised to any desired value 
by the addition of small reactors in the cables coming 
out from the transformer. 

Taking all factors into consideration it would appear 
ttat the use of transformers having not more than 
five per cent inherent reactance, vdth any additional 
amount desu^d obtained by means of external reactors 
M the most satisfactory arrangement for the sptem 
ha^ng usual load densities because of its fiexibility. 

Rg. 7 shows the low-voltage side of a single-phase 
nelwork ^nsformer and illustrates a rather convenient 
method of mounting the external reactors. 


matic network system has been chosen as the most 
satisfactory from an engineering standpoint as well as 
the most economical type of system that could be used 
to supply these buildings. Each building will have a 
secondary cable grid tying together the transformer 
vaults located in that building and the secondary net¬ 
works of all of the buildings will be connected solidly 
together by low-voltage tie cables. 

This development is only the forerunner of a wide- 
spre^ application of network systems inside large build¬ 
ings if the^amount of thought being given the problem" 
at the present can be taken as a criterion. Directly 
connected with this subject is the one of vertical distri- 
tion in tall buildings which is being actively considered 
by two companies at the present time. Preliminary 
plans call for the location of transformers on several 
different floors, fie group of transform«^ on each floor 
being connected into a network which may be permitted 
to remain independent or may be tied in on the secon¬ 
ds^ side with the networks on oth«’ floors. Along with 
this development, consideration is being given to every 
detail of the vault layout and the design of the appara¬ 
tus to minim ize the possibility of a transformer explo¬ 
sion and to localize trouble of any kind. 

As a S 3 ^tem of distribution for large manufacturing 
plants the a-c. network is being given serious considera¬ 
tion. In this field such a system should find its greatest 
application in those factories where the process of 
manufacture is such that an outage of even a short 
duration has serious results. A special of auto¬ 
matic network system is being considered for one manu¬ 
facturing plant of this type at«the present time. 

TJe network system lends itself exceptionally well 
to the scheme of synchronizing generators at the load. 
One compa,ny that is operating a large network system 
IS now making a thorough investigation of the feasi¬ 
bility of such operation. 

The network stan^ today as a type of system that 
has stood the test of service and has given the results 

continuity of service m 
practically every installation has been as dependable 
as the source of supply and most thought is now being 
som<^^^^ means of increasing the dependability 
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Present Trend op System Development ■ 
Up to the present time only one company, the 
Knoxville Powa- & Light Co., is operating an overhead 

Th« appreciable size. 

T^e question of using networks in such areas has been 

are now under construction at Washington. ■ The^^tS 


DETROIT AND CANADA TUNNEL 

The firat tube of the Detroit and Canada Tunnel has 

fL® cf “"d 80 feet belowcthe surface of 

the Detroit River. This tube is one of ten which will 
comprise the under-water portion, of the $25 000 000 

to 250 feet, with ^ over-all diameter of 35 feet. Thwr 
alto tang concreted weighs Iron 7000 to ^oTton^^ 
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Abridgment pf 

Flying Field and Airway Lighting 

BY H. R. OGDEN* 

Non-member 

Synopsis.—This paper diacxiases methods of lighting airports lights^ and ceiling illumination. The portion on airway lighting 
and airways and describes various types of lamps and equipment covers principal and intermediate beacons and emergency field 
used for this purpose. In the information on airport illumination lighting. An extensive bibliography is included in the complete 
are included beacons, obstruction lights, boundary lights, illuminated paper. 

wind direction indicators, field and building floodlights, signal ^ t * * * 


D uring the last few years many fundamental 
problems of illumination for night fisung have 
been solved by both civil and military organiza¬ 
tions. Although the future jnay see considerable 
divergence between military and civil lighting practise, 
at the present time both are similar and, in fact, com¬ 
mercial aviation has largely followed the trend of 
military design. 

The components of a complete lighting system for an 
airway and its terminals have gradually increased in 
number as the need for their existence has become 
evident through expaience. Particularly is this true 
of the equipment at the terminal airports. The follow¬ 
ing components should be considered in planning a 
system for lighting a terminal flying field, in this order 
of importance: (1) beacon, (2) obstruction lights, (3) 
boimdary lights, (4) illuminated wind direction in¬ 
dicator, (5) floodlights, (6) building flood lights, (7) 
signal lights, (8) ceiling projector.* The components 
of a lighting system for an airway will be given later. 

If the problans confronting the night pilot desiring 
to land are based upon a succession of observations and 
decisions, we may well attack those problems in the 
order in which they occur to the pilot. 

Air^mi Beacon. No mariner ever experienced greater 
satisfaction in identifying a lighthouse than a night 
pilot feels when he is unc^tain of his exact location and 
finally espies the aerial beacon for which he has been 
etching the horizon. .Due to lack of sufficient fuel 
to remain aloft, the majority of night flights must be 
terminated before dawn.- A landing field must be 
located Worfi the fuel is exhausted. 

There are various types of airport beacon in use at the 
present time. The most common in the United States 
is the rotating searchlight type with a 24-in. dioptric 
lens, 1500-watt incandescent lamp, and parabolic 
reflector. An electric motor in the ba£e rotates the 
light. A recdnt development of the light includes a 
lamp changer mechanism which automatically brings a 
new lamp into position and incandescence, at the same 

*Aii- finrpa, U. S. Amy, Duncaa Field, Saa Antonio, Tex. 

1. All references axe in Bibliography in complete paper. 
Preaenied at the Regional Meeting of the South West District 
of the A, I. E. E., DaUas, Texas, May 7-0, J^OOO. Complete 
copies upon request. ^ 


time giving a warning of the burned out lamp at the 
control office.®’ ^ The beam has a vertical diver¬ 
gence of from 3 to 4 deg., and a horizontal divergence 
of from 10 to 40 deg. The greater horizontal diver¬ 
gence increases the length of flash bu\ decreases its 
intensity. This difficulty of securing great intensity 
and length is the only criticism that can be made against 
this beacon. Even with a 40-d^. horizontal divef- 
gence, the length of flash is only 1-1/9 sec. at 6 rev. per 
min. But the more serious fault of this periodicity is 
the eclipse of 8-8/9 sec. Equal periods of flash and 
eclipse would be more suitable but a beacon furnishing 
such a light appears to be more costly. A 360-deg*. 
light house lens with revolving reflector would provide 
such a light. 

To secure proper distribution of the lower edge of such 
a beacon beam along the horizon, some method, of 
adjustment ought to be incorporated in the light, 
either by an adjmtable pivot or an adjustable base. 
The latter appears to be more practical. The French 
are using tripod t37pe of mount for this purpose on some 
of their lights. 

If a water tower is located in the vicinity of the air¬ 
port, it may be fitted up as a satisfactory short range 
beacon by painting the wall of the tank white and" 
floodlighting it by means of sign-board flashing lights* 
surrounding the periphery. Since such a tower would 
otherwise have been wired for obstruction lights to 
safeguard pilots from colliding with it, the cost involved 
comprises only the lamps, fixturejs, sign-board flasher, 
and white paint. A sufficient UTimber of light sources 
would provide against interruption of the beacon caused 
by a burned out lamp. 

If for any airport lighting system the range of the 
water tower beacon is not considered sufficient, the 
tower may still be used to good advantage to motmt on 
its peak any other type of flashing beacon. There are 
two advantages gained in mounting the flashing beacon 
on a tower high above the landing field. First, it 
allows the lower edge of the light beam to be adjusedt 
below the horizontal, in line with the new horizon. 
This gives greater range of the beacon to a low flying 
airplane forced to fly near the ground by low clouds. 
Setting a beacon 100 ft. abofe the ground inCTeases its 
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range at ground level 13 mi. Second, a flashing 
beacon near the ground is disconcerbng to a pilot about 
to land. When the intens# rays of the beacon stnke 
his eyes, the pupils converge and handicap his ^sion. 

A high mount for an airport beacon is therefore a 
distinct advantage. 

At the Croydon airport, London, a umque beaco 
has been tested and been found to pi^ess 
good visibility in thick atmosphere. It consists of a 
moving chain passing through a 
and then through an oxy-aeelylene toe. The 
resultant Hght is very intense, but its supenonty to m 
electric beacon does not appear to be sufficient to 
■ w^t its general adoption. In direct comp^on 
with the strontium beacon, the Croyden airport is 
eauipped with a truncated cone neon beacon, which is 
reported to pierce a small amount of fog better than 

anv other beacon at the ^ ^ j? • 

• The last beacon, and probabjr the favorite of 
pilots, is the lighthouse type of beacon with S^O-d^. 
Presnal lens units. For the same power input, th^e 
>. beacons do not have the range of the searchlight t^e due 
TZTtL that the Hght is diffused over .360 deg. as 
toii-ed to from 10 to 40 deg. for the searAlight 
But on the other hand, 

be designed to give ^y type of fla^ de^d. The 

largest beacons of this type locked in ^ce, one 
nei Paris and one near Di]on. 

clTsuffident to give a range of visibility of 100 mi. 

in clear weather. ^ ^ 

To sum up the present practise m the use of airport 

beacons, the projected beam type is most common m 
the United States, the Fresnal lens lighthouse beacon 
in France,*.whfle ^ 2“ 
beacon is extensively used m Germany. • En^ , 
also is partial to the neon beacon due to the dann for 

- 'S foniercing quality. Since the Fresnal le^ are 

expensive to manufacture while the neon tobes are 
^^ve to operate, it is evident that European 
piLtise in night lighting does not consider the cost so 
important as superiority of equipinent. 

Obstrudim Ughts. After a pilot locates his landing 
field through the aid of the airport b^on, he a^ 
proaches the field and observes obstoctions be 

must avoid while examining the lanffing a^, 
direction indicator, and ships about to land OT^e^ 
Crashes whidi occur througb. coUidmg with ot^ 
airplanes near the ground or with obstacl^ 
iT^ht are usually fatal to the occupa^. The ob- 
struction H^ts are therefore very important m any 

plan for lighting an airport. 

be made of the probabiUty of an airpto oolbding 

any obstacle within a half mile of ^e 

obstacles fartho: away which are 

^^y. It is reasonable^to assume that n<x pilot 

fly lower than 100-ft. altitude until actually matog his 

approach for landing. Ordinarily, no obstacles less 


4 -uovi fio ft hieh which do not immediately surround 

Srfiefd, ted belShted. However, each field presents 

special problems, and no set rule cm be made. It 

? L home in mind that an airplane glides at an 
should be borne m xumu indicate 

ande rifever steeper than 1 to 5. i^is wiu moicate 

Sir what atnicturea or natural objocte m the 
Sw of an airdrome should be consnle^ oljtruc- 
A cranproinise between ultra safety smd imt 
SalTOJsbonSde. Poor pilots will sometimes tat 
to spite of eeerything that can be done to 

practise to Europe and America follows 
the recommendations laid down at the Inteimb.^ 
% Svention for marking obstacles with red hghta. 
me Material Division.of the Air Conw 
the use of 60 -watt lamps m ruby o'*®® •^1' 

quabties.'.' * The lights ten st^Iy 
Snay be Siected with the a®W Wtte mrcuit 
me tanp fetuies diould be placed so that the otole 
Ught can be seen from the horitonW to the semth in tal 
ejections, and from the ground anywhere on the 

Whenthemlot ofanairptee te 
observed all obstructions about a Sold upon which he 
intends to land, his next observation is usually to deter- 
Stoe the extent and nature of the field. Boum^ 
lights can answer both of these queshons. The 
Department of Commerce has made a carful tedy 
of the boundary light probte and te BoWished the 
results in AeronjCutics Bulletin No. 2. - lhat 
bulletin should be consulted m drawing up a plan for 

an airport lighting system. " r' u* • 4 . 

The general practise for placing boundary lights is to 
outline the field completely except along the hangars, 
outiine just the comers of the field, or outline the run- 
^ys The last method is most expensive, and, in 
the of raised lights, invites collision from a roUing 
airplane. However, with the lighte installed fliwh 
•with the ground or raised only a few inches, permitting 
an airplane wheel to roll over without damage, this 
system has a distinct advantage. It enables the field 
manager to indicate clearly the best approach and best 
place to land under various wind conditions by merely 
li ghting the one mnway which should be used. 

A special plea is made for the design of boundary 
fights which are fairly indestmctible. The present 
pr 9 .ctise of installing a lamp 1 to 3 ft. above, the ground 
on the top of i pipe set in concrete** “ has one in- 
surmo'untable drawback. The installafcion attracts 
the a'ttention of curious people, and invites malicious 
people or undisciplined children to break or pilfer the 
globes and lamps. No ipeasure short of a constant 
gimrd near such boundary lights will protect them from 
depredation. Landing fields are too large for a manapr 
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attention, arid it fs believed that they can be made 
fairly indestnictible, at the same time fulfilling the 
purpose for which they are installed. 

Another advantage can be gained by using boundary 
lights flush with the ground. Instead of establishing a 
row of lights on the very edge of the landing area, such 
a row could be placed 300 ft. from any edge along which 
a telephone or power line was located. Thus, a normal 
glide to the edge of the boundary lights would insme 
the pilot’s clearing the poles and wires by a safe margin. 
Jn addition, K^ts placed away from the edge of the 
field would be»les^ conspicuous and less likely to be 
molested. 

lUuinincUed Wind Dir^tion Indicator . Normal land¬ 
ings are always made into the wind in order to reduce 
the ground speed of the airplane as much as possible 
and retain directional control after the airplane is 
rolling on the ground. To indicate the direction of the 
wind to the pilot about toland, several devices are in use. 
For da 3 rtime operation, a wind cone of fabric attached 
at the larger end to an iron ring free to rotate about a 
vertical flTn'g, and tapering from about 2-ft. diameter at 
the ring to 1-ft. at the smaller end, has been in use 
since the beginning of heavier-than-air flying. The 
first illuminated wind direction indicators naturally 
were developments of the wind cone. One authority 
maintains that illuminated wind cones are not satis¬ 
factory,®' *’■ ® but a number of internally illi^nated 
wind cones have been in service at a large Air Corps 
field for nearly a year and have @ven uninterrupted 
satisfactory service.'' Such indicators are unquestion¬ 
ably the cheapest to install and maintain. 

Another type which is popular in England and Ger¬ 
many is'a system of lights sunk fli^h with the ^ound 
level, so controlled by either a wind vane switch or 
Twannal operation in the administration building that 
an illuminated T is visible to the pilot. 

The best military practise in America calls for ^ 
externally illuminated T situated on the ^ground in 
front of the operation ofl&ce of the field. If consists of 
a skeleton framework built in the tiiape of a T, carrying 
a vertical fin at the base of the T to hold the head of 
the T ifito the wind, all covered with airplane doth, 
and suitably finished.®'® It is supported hori¬ 
zontally above the ground on a pivot located at the 
center of gravity. The illumination is provided by 
two rows of 10-watt lamps located on top of the T. 
The current is transmitted through a brush air^gment 
on the supporting bearing. For night visibility the 
best color for the T is white, whereas for daytime visi¬ 
bility the most satisfactory anwgement devdoped to 
date is a chrome ydlow T riding a cement or wood 
background i^ted black. A good compromise would 
be a white T on a black background. ^ ^ 

The best practise seems to indicate a^single vrad- 
djrectiori indicator suitable for both day and nigh§ 
either an illuminated wind cone or aiuminated T. 
The latter is visible a greater distance, and therefore is 
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more satisfactory to the flight leader of a formation of 
airplanes. The former is more economical and ought to 
f ulfill the needs of most civil airports when properly 
designed. 

FhodligMs. No component of airport lighting sys¬ 
tems has received so much attention and been the 
subject of so much experiment in tiiis country as the 
airport floodlights. The problems connected with 
floodlighting have been many. At the same time, an 
airplane properly equipped for night flying is less 
dependent upon floodlights than upon several of the 
airport lighting components generally conadered less 
important, lianding lights now available for installa¬ 
tion on airplanes, developed by the Materiel Division 
of the Air Corps, make landing at night reasonably 
safe when the landing field is properly boiriidary lighted. 
However, floodlights must be available in an emergency, 
and floodlights also iihprove the ability of a pilot to 
judge his h^ght above the ground. • 

pinpp the manner in which a pilot should pass flood¬ 
lights in lanriing is an important factor in determining 
where the lights should be placed, considerable ex^- 
menting has been done along this line. Soine pilots 
recommend that the pilot glide down to a landing oyer 
the light and parallel to the beam; others, that he glide 
diagonally across the beam from the rear; and still 
others recommend that a landing be made perpendicuto 
to the beam. However, the last recommendation is 
based upon tiie use of a single li^t source of thel80-aeg. 
Fresnal lens lighthouse beacon type, or a battery of 
projectors arranged along the side of the field. The 
disadvantage of the first metiiod is that when the air¬ 
plane enters the beam near the ground, the pilot is 
suddenly confronted with the shadow of ^ airplane 
extending far out in front of him. This disadvantage 
becomes less annoying as the path of a landing airplane ^ 
is changed to a perpendiculhr to the light beam. No ^ 
one recommends landing into the glare of a light. 

For several years the students at the Air Corps 
Advanced Plying School have been landing straight 
down, or diagonally across the rear of the beam from a 
600,000,000 high-intensity are, whose beam had a 
40-deg. lateral divergence and a 4-deg. vertical diver¬ 
gence. No diflaculties have been experienced, and 
the embryo pilots found the landings quite easy. 
However, recent experiments at Wright Reid, the home 
of 4:he Air Corps Materiel Division, indicate that even 
better results can be obtained by greater lateral di¬ 
vergence of the beam and landinp made perpendicifiar 
to the principal axis of the beam. If the foregoing 
premise is accepted, then'the floodlighting of any field 
to take care of various wind directions resolves i^lf 
into the use of two light sources or two batteries of light 
sources on adjacent sides of the field. Only the light 
from one side of the field will be operating at .any one 
time and la nding s can be made either parallel to that 
side dr diagonally away from it. The arrangemmit erf 
floodiighi^is discussed and illustrated thorou^y m 
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The practise followed in the deagn of floodlights has 
been in the direction of two entirely different types of 
light units. Experiments in America for a number of 
years wo-e restrict^, for lack of funds, to the search¬ 
light type. Many of these units were manufactured 
during the World War, and were available for experi¬ 
ment. A 36-in. drum with a paraboHc reflector and a 
high-intensity arc light source was fitted with a dioptric 
lens which diverged the light beam laterally to a 40- 
deg. spread. This unit reQ[uired the constant attention 
of an operator, the light emitted was not alwa,ys st^dy, 
and when the arc had to be replaced a serious inter¬ 
ruption of the light ensued. The first improvement of 
the unit conasted in substituting a 10-kw. incandescent 
lamp for the arc. The new light source did not have the 
same candlepower as the arc, nor was the color of the 
light so good, but the rays were steady, a prompt lamp 
change could be made, and the quality of the light was 
satisfactory. The last major improvement was the 
incorporation of a lamp changer mechanism which au^ 
matically brought a new lamp into position and in¬ 
candescence, and gave a warning signM in the control 
room when a lamp burned out. As a single narrow 
beam, single source floodli^t, this unit is very 
satisfactory. 

However, such a uni^ lights only a limited portion of 
the landing area. The advent of formation flying at 
night will require a wider distribution of light. To 
secure a greater light spread would require a battery of 
such lights, the combined over-lapping light of which 
would be Tn u<>h more intense than necessary. To 
secure a sufficient spread of light at a reasonable cost 
would require eitiiCT a new type of angle source light 
•> with a larger lateral divergence, or a battery of smaller 
. projectors. 

European practise invited the attention of American 
CTL^eers to the 180-deg. JVesnal lighthouse lens flood¬ 
light which has been tested comparatively with various 
types of floodlights'* and found to be superior for 
. the operation of airplanes in formation. A low mount¬ 
ing of the light, with a sharp cut-off on the upper edge 
of the beam, produced the moat favorable illumination. 
One objectionable feature of this installation is that 
iiregularities in the surface of the landing field produce 
diadows. , • 

To overcome this serious objection on irregular fields, 
s a battery of six smaller 24-m. drum projectors with 
'■ parabolic reflectors, 1500-watt lamps, and 40-deg. 
dioptric ^read lens can be mount|d on 10- to 15-ft. 
standards and spaced 200 to 800 ft. apart along the 
ade of the field. This equipment is much less expen¬ 
sive than the angle source lighthouse lens floodli^t, 
is preferable for irregula* surfaced fields, and is th^e- 
fore to be recommended for moderate sized airdromes 
from which airplanes opoate one at a time.^*’ J*' ® 
The cost of lighthouse lens units will probably limit 


their Tise to military airdromes and major terminals, 
while the coming host of smaller municipal airdromes 
will be equipped with batteries of 24-in. projectors. 
The present equipment which is being manufactured 
for flooS lighting needs only to be installed prop^ly to 
give entire satisfaction. Many refinements will be 
made in the future, but at least the fundamental 
problems have be^n solved. 

Airway lAgMng. The components of an airway 
lighting system are; (1) principal flashing beacons, 
(2) intermsdiate beacons, (3) emergenc^jr field lighting. . 
Practise in airway lighting in Europe and America 
has been widely different, but as time goes on, the 
respective systems are growing more similar. Europe 
began lighting its airways with widely separated 
beacons of tremendous candlepower. TVo beacons 
are 1,000,000,000 cp. each, located at Mount Valerien 
and Mount Afrique in France. Moderate sized inter¬ 
mediate beacons are located at the terminal air¬ 
ports,^’ ^ and still smaller beacons are being installed 
along the routes. In Germany, the majority opinion 
favors comparatively low power lights at frequent in- 
tfflwals from 1 to 2 mi. apart.*’®’* On the Berlin- 
Konigsberg and Berlin-Amsterdam routes are used 
double series of neon lights which bum continuously 
night and day. Operation cost of each light is claimed 
to be about one dollar per month. 

American practise began with the installation of 
beacons spaced doge together, though nokso close as in 
the present German practise. And now larger beacons 
are gradually being used at major taminals to supple¬ 
ment the small beacons. 

Tilngiatid has favored the automatic unattended gas 
lights,*’ ®’ “ for aerial route beacons, and the Bureau 
of Aeronautics in our Department of Commerce has 
installed these beacons on some of the air mail routes 
where electric power is not available and the lights 
must operate unattended for long periods of time. 

Emergency landing fields ^ being established at 
approximately 25-mi. intervals along the air mail 
routes. Most of the flashing beacons are located at 
these emergency fields. The lighting equipinent in 
addition to the beacon consists of boundary and ob- 
straction lights, and an illuminated landing T. 

Future Deoelopmeras.'^ The impetus which Congress 
gave to aviation through the establishment of a Bureau 
of Aeronautics in the Department of Commerce has 
been very great. The increase in ni^t flying, en- 
coTiraged by the night air mail and the installation of 
airway lig h ting , has been remarkable. Although the 
fundamental problems of aviation lighting have been 
solved, much important work lies ahead. As already 
mentioned there will probably be a continual divergence 
in practise between the requirements for civil aviation 
Snd milit ary aviation. Two factors dictate this 
divergence; utility and cost. Night flying in the Army 
and Navy will develop into the operation of groups of 
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airplanes as opposed to airplanes operating singly, so 
that flood lighting systems will probably be designed 
along two different lines. Also, military aviation will 
require mobile lighting units as well as permanent 
peace time installations, and therefore the devetopment 
of dual equipment will require larger expenditures for 
military lighting than for civil. However, as will 
be noted in this paper, those who are charged with the 
design and installation of lighting equipmentforprivate, 
municipal, and federal airports and airways will con¬ 
tinue to draw upon the knowledge acquire^ and ex¬ 
perience gained«by ^he pioneering work of the military 
services, and particularly in this country by the 
Materiel Division of the Air Corps. It. is vitally neces¬ 
sary for the military services to pioneer in the develop¬ 
ment of material which vnll improve the system of 


national defense. It is also reasonable that where 
such development is useful to civil progress, the knowl¬ 
edge gained through the espenditure of public moneys 
should be extended freely to the public when not in¬ 
imical to the security of the nation. Such are the 
conditions surrounding the devejppment of almost all 
aviation lighting equipment by the U. S. Air Corps. 
When the business of furnishing lighting equipment to 
civil enterprises grows to larger proportions we can 
look for great experimental work to be done outside of 
the Army and Navy. That such a time will come is 
certain. ' The Army has for several years been drawing 
upon the ideas of commercial airplane designers for 
improvements in airplanes, and the day is not far 
distant whai very superior aviation lighting equipment 
will be <j(|psigned for civil use. 
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HynopHis*—Tables of Bessel functions of zero and higher of the argument. The series are complete with their general terms, 
orders arc given for use in problems of skin effect and The application of the tables to the calculation of the skin effect 
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given in the form of. series for large and for small values «.*♦*« ^ 


T he behavior of alternating current in a round con¬ 
ductor or in groups of round conductors is cal¬ 
culated by means of Bessel functions. Such 
problems are usually known as skin effect and proximity 
effect problems. .The division of current between con¬ 
ductors connected in parallel, (or in other words, the 
circulating currents in parallel conductors,) the dis¬ 
tribution of current over the cross-sfection of the con¬ 
ductors, the watts loss in each conductor, the resistance 
drop and the reactance drop, are characteristics which 
are desired to be known and which can be Calculated 
for round vnres. 

Such problems occur in electrical engineonng where 
heavy alternaiing currents of more than about 1000 
amperes at 60 cycles axe involved. When it is re¬ 
membered that generators for power stations some¬ 
times have a rating of 5000 amperes or more, and that 
electric furnaces up to 50,000 amperes capacity are 
built, it is evident that these problems occur in practical 
engineering. Small conductors carryii^ currents at 
radio frequencies require calculations similar to those 
for large conductore carrying 60-cycle current. 

In this paper is presented a collection of available 
numerical values of Bessel'functions of argument 
X i V i. which are used in the classes of problems 
described. Bessel functions of the first secon<^ 

*ProfB8sor of Electrical Engineering, MassachusettB Institute 
of Technology, Cambridge, Massachusetts. 

Complete copies upon reguest. 


Irindg, of zero order and of higher orders, and for values 
of X up to 10, are included. Series are also given, some 
of them of new form, for calculating additional values. 

PHOTOELECTRIC TUBE COUNTS 
TRAFFIC PASSING THROUGH 
HUDSON TUNNEL 

Every automobile pasting through the Holland. 
Tunnel under the Hudson River between New York 
and New Jersey is now registered at the exit by an 
electric traffic checker. The device works 24 hr. a 
day, never misting the count, which is recoMed in¬ 
stantly upon a dial in the administration building of 
the Tunnel Commission at Varick and Canal Streets 
in New York City. The apparatus contists of a small 
floodlight mounted in an inclined petition upon the 
overhead ironwork of the exit. A slender beam from 
the* light falls upon a small circular window in a box 
placed beneath the sidewalk at the oppotite tide of the 
roadway. The box contains a sensitive photoelectric 
tube, an amplifying tube, and an eleetrical relay. When 
a vehicle passes, the beam is interrupted. The photo¬ 
electric tube is affec&d so that a slight electrical impi^e 
results. This is amplified by the vacuum tube and fed 
to the relay, energizing a transmission tircuit^ ;^e oAct 
end of which is in the commistioneris office. - A dial 
there, actuated by tiie electric current, registers another 
figure in response to each impulse from the relay.— 
Tdephorie and Telegraph Age. 
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AVIATION LIGHTING 

By L. C. Poeter* 

The American puttie is rapidly becoming air-minded, 
and the result is tHat aviation is advancing faster than 
any previous method of transportation. Like all other 
modes of travel, if aviation is to succeed commereiaBy, 
operations must extend into the night. Night fl 3 ung 
necessitates lighted airways and lighted airports. 
Great progress is being made along those lines. Guided 
by Government practise, the art of lighting is becoming 
standardized VCTy rapidly. 

The lighting of the airways is installed and main¬ 
tained by the Government in much the same manner 
that lighthouses, buoys, etc., are operated. The prin¬ 
cipal lighting unit on the airway consists of a 24-in. 
rotating searchlight equipped with a 1000-watt Mazda 
lamp and producing a6-deg. beam of about two million 
candlepower. The speed of rotation is six rev. per min. 
In the latest beacon an auxiliary lens is placed in the top 
of the beacon to produce an upward fan of light for an 
indication when a flier is directly above the beacon. 
The rotating beacons are supplemented by smaller 
fixed searchlights, trained upanddownthecourse, which 
flash the number of the beacon. They are called 
“course lights.” 

There are also anergency landing fields along the 
airways, having illuminated wind cones, obstruction 
and approarii boundary lights. 

The lighting of the airporis is generally a municipal 
job. There seem to be two general methods in vogue. 
One is by the use of a number of relatively small flood¬ 
lights equipped with 1500- or 3000-watt lamps. These 
may be either grouped or distributed along two adjacent 
■ rides of the airports. The other method is the use of one 
or two very high-power field floodlights. There ^re 
three types of these in use. One consists of a large 
Fresnel type lens equipped with a 150-ampere high- 
. intensity arc or a 10-lw. Mazda lamp. 

Anothrir type of unit that has proved very successful 
consists of tw^o 10-kw. Mazda lamps backed by search¬ 
light mirrors and equipped with lenses to spread the 
beam into fan shape over the field. The latest unit 
consists of a set of parabolic cylinder reflectors equipped 
with a number of 3-kw. Mazdalamps. 

In addition to the main field floodlights, there are 
white boundary lights to outline the field; greenlightsto 
indicate the best direction of approach, red lights to 
mark obstructions, a rotating berison wd an illumi¬ 
nated wind indicator. Most fields also have floodlighted 
hangars, a ceiling projector and an flluminated sign. 

Department,^Edison Lamp Works of the General 
Bleotirio Company, Harrison, N. J. 


The greatest hazard in flying today is fog. Many ex¬ 
travagant claims have been made on the fog penetrating 
ability of neon light. It is claimed to have some pecu¬ 
liar characteristic which other forms of red light do not 
possess^ In this connection, it is interesting to note the 
conclusion reached by the U. S. Bureau of Standards 
after making a most exhaustive study of the relative 
merits of a neon beacon »s. a Mazda lamp equipped 
with a red color s&'een. We quote from the Technical 
News BvXLetin of the Bureau of Standards, Nov. 1928, 
No. 189 as follows: 

“Observations were made with ]tiie naked eye and 
with a photometric wedge. No differences sufficiently 
great to be detected by the methods used in this test 
were found between the visibility of light from a neon 
lamp and the light of tLe same color, candlepower, and 
horizontal distribution produced by an incandescent 
filament lamp with color screen. 

“With regard to the comparison of the clear incan¬ 
descent lamp and incandescent lamp with red color 
screen, the red filter does not increase the range under 
any weather conditions, but there is some evidence that 
the red filter does not reduce the range as much in foggy 
weather as it does in clear weather.” 

A great deal of interest has arisen in air marking signs 
to mark the airways and name the towns. Several 
systems are in use, i. e., floodlighting, neon tubes, and 
exposed Mazda lamps. In this connection, the U. S. 
Department of Commerce, Airways Division, has just 
completed an eriiaustive test on the relative legibility 
of various types of signs. We quote from their report. 

“Illumination by direct light is the most effective 
owing to greater brilliance and hence greater attracting 
power. Marki ng s illuminated in this manner are 
^eetive at night even tiiough the color of the charac¬ 
ters is obscured by dirt or snow. 

“For outlining with incandescent lamps, not less than 
10 -watt sign lamps should be use^ and fh^ should be 
spaced frohi 8 in. apart for 6-ft. letters to 12 in. apartfor 
12 -ft. letters or larger. Unlessthereisalargeamountof 
competing light in the vicinity of the marking, the 10- 
watt lamps give better legibility than lamps of higher 
wattage. In ease it is desired to use colored lamps with 
a brilliance corresponding to the 10-watt clear sign 
lamps, 25-watt lamps should be used for green and red 
and 50-watt lamps for blue.” 

A very ^Setive rir making sign consisting of a big 
100 -fti arrow made up of standard ports, has been 
perfected. Plans are under way to carry out a nation 
wide marking of the airways with signs of this tjrpe. 

Several good articles .on aviation lighting have ap¬ 
peared in the transaction of various engineering societies, 
and in the technical press, going into great detail in 
^viation lighting. In this article we have therefore 
'bnly mentioned the latest developments. 
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LIGHt AND ARCHITECTURE 
By a. L. Powell* 

It is quite natural for new schools of thought in de¬ 
sign, decoration, and architecture to originate in con¬ 
tinental Europe. The atmosphere, background, and 
tradition of the larger cities are all conducive to this 
end. Within the last half century, or even since the 
beginning of the 20th century, our very habits of living 
have undergone remarkable changes. The mechanical 
element in the production of all sorts of objects has come 
’to the foreground. <* Speed of transportation has greatly 


ment to AmCTican conditions and we now have some 
excellent examples in this country. For example, the 
sky-scrapffl* is distinctly American in character and 
feeling, and this new school of decoration seems to have 
embodied in it very much of the same spirit. 

Some of the original designs oHhe French were un¬ 
questionably extrfeme and did not appeal to our taste. 
Many of the German modifications are even more 
bizarre, but it may safely be said that most Americans 
who have adopted this treatment have done a most 
commendable job. They have to a great degree elim¬ 
inated the ultra-fantastic element and created some- 



Fia. 1 —Enteamcb Cokridou of Onjs op the Newbe 

New Yoke Office Bthedincis 
•% 

It is interesting to note how the decorative lines have been carried out In 
the luminaires. Even the very method of support bears little resemblance 
to nho types wliich were familiar a few years ago^ 


increased. With mass production, thin^ formerly 
considered luxuries have become necessities and the 
spirit of the age such a^to make a new school of archi¬ 
tecture and decoration come into being. The recent 
war, demanding practically all the thought and energy 
of the entire'world, made it impossible for even the 
artist to sit back and dream of his problems. After the 
dose of the war there was a brief period of reconstruc¬ 
tion, but by about 1924, dever ininds began to evolve a 
new school of decoration. For want of a better name, 
this has been termed **art modeme. 


tViiTig distinct and adapted to our taste. They have 
grasped the fundamental principles and developed these 
along rational lines. Practically evers; new commer- 
dal building now being orected, or even contemplated, 
particularly in the vicinity of New York, has some of 
this modem treatment incorporated in it. 

Lighting* plays a very important part in “aA 
modeme.” Some of its very first applications were to 
luminaires or fixtures. The Germans have incor¬ 
porated light in this new art to such a remarkable degree 
that they have coined a term "licht Architektur” 
(light architecture) as applying to those stractures 
where light is utilized in novel manners. At last we are 
gAPing the lighting planned as a component part of the 
stmcture, or the luminaire carrying out in line and 
decoration the spirit expressed in the architecture. 



Pxa. 2—A Bank Intbeioe with Ltjminaiebs of Unique 
Desionb Which Conceal All Lamps feom View 

^hese are almost eotliely of glass and being of low brightness, are beauti¬ 
ful nmitmanta TUe teal worldng Ulumlnatlon comes from large 

In Indirect reflectors on pedestals around eadi column 


In the Paris Salon of 1924 were exhibited a few ex¬ 
amples of this trend in design. The International 
Exposition of Modem Decorative and Industrial Art in 
Paris, 1925, was literally filled with further develop¬ 
ments. From France, the idea extended to Germany, 
England, Italy, and other parts of Europe. Many dele¬ 
gates, artists, architects and designers from the Umt^ 
States at once saw the application of this umque treat- 

•Researoh Laboratory, General Bleotrio Company, Schenee- 
tady, New York. .« 


This movement is most encouraging to the lighting 
en^neer, for he hasvbeen preaching for a long while ^at 
incandescent lamps are indeed radicaUy new light 
sourcesandneednotbehandledin the traditional or clas¬ 
sical mannCT. In the days of flame illuminante, it was 
necessary to have the light sohrce at some distance from 
suiTOunding objects to prevent fire. It was necessary to 
take care of the products of combustion, to provide 
vepjilation, and in the case of candles, to have some 
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means of catching the dripping wax. It is quite ridic¬ 
ulous to place Mazda lamps ontheendof papertubesand 
attempt to simxilate candle lighting. It is almost as 
illogical to use chandeliers of the types designed for gas 
jets. 

The incandescent lamp can be burned in any position; 


examples of truly unique ways of suppl 3 dng artificial 
light. It is essentially a young man’s movement. It 
will be difiicult for the older designer, steeped in classical 
traditions, who all his life has been copying 18th and 
19th century fixtures, to get this radically different 




Fig. 3—^A Distinctive Store Interior with Gi/ASSWAbb 
Made by the Famous French Artist, Bene Ladique 

it can be entirely enclosed; it may be recessed in a wall 
pocket; it may be concealed within a structural member 
and. its light emitted through diffusing or diffracting 
windows. There is literally no end to the manner in 
which it may be employed. The ingenious designer 


Fig. 5 —A Cobnee in an Exclusive Millinbby Shop 
Illustbating the Use op Amebican Made Lighting Equip¬ 
ment Along Modebnistic Lines 

The designs are very simple, consisting of planes of froAtod glass hold by 
a wrought iron ftameworlcf The modern Mazda lamp does not need to be 
applied at the end of an imitation candlestick and should bo used in a 20th 
century manner 

O#* 

o 

point of view. Some of the examples are indeed extreme 
in character and unquestionably wilKnot live. Most 
of them, however, have the germ of an advance and are 


Fig. 4—One op the Newbb Types op Show Windows 
Employing Oenebal Ovebhead LightinoPlus Some Fdctubbs 
OP Low Bbightnbss and Lighted Display Stands 

may let his imagination run far afield and dectric 
lighting trill enable him to cairy out his most imagina¬ 
tive scheme. This new art takes full advantage of the 
imagination and, while at present still in the embryonic 
or formative state, it has already produced numerpus 


Fig. 6—^Reading Room in tfHE Panhellbnio Bldg., 49th St. 

AND 1st. Ave., New Yobk City 

be commehded. Out of the stress will come some- 
tmng of which we will be justly proud. We are seeing 
the beginning of a new school just as surely as Europe 
saw new ideas introduced at the Renaissance. 


« 
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INSTITUTE AND RELATED ACIWITIES 


The Summer Convention at Swamp^cott 

The activities of the A. I. E. E. Summer Convention at 
Swampseott, Mass., start simultaneously with the printing 
of this issue of the Journal, and the detailed account of this 
meeting will therefore have to be deferred until the issuance of 
the August Journal. The plans formulated by the Convention 
Committee for this occasion, however, have been so comprehen¬ 
sive that there can be no doubt that the traditional success of 
our Summer Conventions will be maintained, Th^ completed 
program for the technical sessions is even fuller than usual, 
necessitating several parallel sessions; and the sports and enter¬ 
tainments offered are more than ample to occupy every moment 
available for recreation. 


Pacific Coast Convention Papers Deal With 
Live Problems 

A te(?hnical program which will deal with some of the most 
active problems of electrical engineering is being arranged for 
tlie Pacific Coast Convention of the Institute, which will be held 
September 3-6, at Santa Monica, California, with headquarters at 
the Hutel Miramar. 

The subjects to be covered in the technical papers include 
several phases of transmission, insulator flashover, wood pole 
insulation strength, series sjmchronous condensers, system 
stability, transformers, high-voltage fuses, insulating oils, ares, 
electrical conductivity, gas-filled tubes, radio interference, sound 
pictures, dial telephony, population forecasting, wind tunnel 
equipment, turbo-generators, a-c. networks. 

The following are the title of papers which have been proposed; 
more informatioii will be given in the August issue of the 
JOURNAI*: 

Subjects Proposed poe« Pacific Coast Convention 
* 

Radio Interference froTTi Line Insulators, 

Spray and Fog Tests gn ^20~Kv, Insvlators, 

The eO-^Cyde Flashover of Long Suspension Insvlaior Strings, 
Impulse Insulation Characteristics of Wood Foie Lines, 

Recent Developments in the Theory of Blecirjfpal Conductivity, 
Development of Insulating Oils, 

Effect of Tank Color on Temperature of Transformers under Service 
CoJidiiions, 

Population as an Index to Electrical Development, • 

Flames from Electric" Arcs, ♦ n -vi 

Design Features That Make .Large Turbine Generators Poss%ble, 
Effects of Surges on Transformer Windings, 

An A^C, l7ow-VoHage Network without Network Protectors, 
Development of Low-Current, HighrVoltage Fuses, 

Neon-Filled Tubes and Their Characteristics, 

Electrical Control Features of Wind Tunnels. 

The Electrical Engineering of Sound-Picture Systems, 

Dial Telephone System Serving Small Communities of Southern 

California, ^ 

Parallel OperaUort)Of Transformers Whose Ratios of Transforma¬ 
tion are Unequal, 

Relation of System Connections and Apparatus to Stabmty, 

Series Synchronous Condenser for Transmission-Une Regulation, 


World Engineering Congress Program 
Progressing 

Umnn p the many papers dealing vrith eleetricll en^eermg* 
nroeress in the United States, scheduled to be submitt^ by 
American delegates to the World Engineering Congress m Tolao 
next Pall, are “Extra High-Voltage Transmission, by J. P. 


JoUyman and E. R. Staffacher, “Interconnection of Electric 
Systems,” by Farley Osgood, P. M. Downing, W. E. Mitchell, 
and E. C Stone, “R4sum6 of the Stability JProblems as Applied to 
Long Distance Transmission of Power,”* by Charles Le G. 
Portescue, “Remote Operating Supervision and Control of 
Electric Power Stations and Substations in the United States,” 
by Chester Lichtenberg and Ferdinand Zogbaum, “Economic 
and Operating Considerations in Railroad Electrification in 
the United States,” by Dugald C. Jackson, and “High-Tension 
Cable Specification and Design in America,” by William A. 
Del Mar. 

Other papers to be read by American delegates to the Congress 
are: “The Rapid Transit Subways of New York” by Robert 
Ridgway, “Municipal Engineering in the Unjbed States” by 
C E. Gruijsky, “River and Harbor Engineering in the United 
States” by E^ar Jadwin, ‘‘Ventilation of Vehicular Tunnels” 
by Ole Singstead, “The World’s Iron Ore Supply” by C. K. 
Leith, “Refrigeration in the Preservation of Pood” by Harden,^ 

P. Taylor, “Safety in Dam Construction” by Allen Hazen, 
“Development in the American Coal Industry, 1913-28” by 
George Otis Smith and P. G. Tryon, “Suspension Bridges” 
by Ralph Modjeski, and “Petroleum” by Mark L. Requa. 
Doctor P. B. Jewett, Doctor Elmer A. Sperry, Doctor W. C. 
Whitney and P. W. Peek, Jr. will also be contributors. * 

Arrangements for the transportation of American engineers 
and European delegations were announced June 29 by Maurice 
Holland, Executive Secretary of the American Coxnmittee of 
80 engineers and scientists sponsoring participation of the 
United States in the Congress. 

A second ship has been engaged to transport the official ddle- 
gates from America and Europe, ■who ■with their famihes ■will 
number close to 300. The official ships, S. S. President Jadeem 
of the Dollar lane and S. S. Shmyo Maru of the Nippon Yiisen 
TTaighn T.ine will depart from San Prancisco on October 10. 

Engineering Experiment Station Record 

The Engineering Experiment Station Record Summary for 
1929 now available at II per copy by appKoation to R. A. Seaton, 
Dean and Director, contains carefully prepared data on many hve , 
research projects, administration, organization, funds, employees, 
Ahi^TitiAlfl of publication, bulletins pd circulars issued, and other 
data on engineering research at each of the land-grant colleges 
and universities in the United States. 

Prom the table given it will noted that there are now 38 
definitely organized engineering experiment stations in the 
land-grant colleges and universities; definite ptoviaon is 
tnarifl for en^eering researeh in several additional land-gr^t 
institutions, and a total of 11,440,018 is available for engineem^ 
research in these institutions for 1928-29; 926 persons are 
engaged either full-time or part-time upon engineafing researeh 
and»that 1263 engineeriig researeh bulletins or circulars have 

been issued. . -r, . 4 . 

The record is published by the Engineering Experiment Star 
tion Committee of the Association of Land-Grant Colleges ana 
Universities, data being submitted by the directors of the 
ment stations and dea(;s of engineering and rechecked by the 
deans and directors. It is, therefore, most complete an 
accurate summary of engineering resear^ in the land-grant 
colleges and universities that has yet been issued. 

While this Summary has been issued primarily for the use ot 
research workers in the engineering field it contains much mar 
terial of ihtOTest and value to others engaged in engineer^ ana 
eduoational work. Only a limited number of copies are 
fty ft.i1ftb le at th6 prBSBut tuns. 
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IN8TITUTK AND BELATED ACTIVITIES 

Harold B. Smith 

President-Elect of the A. I. E. E. 


Journal A. I. B. E. 


Harold B. Smith, ^Professor of Electrical Engineering, 
Worcester Polytechnic Institute, Worcester, Mass., and Con¬ 
sulting Engineer, Westinghouse Electric & Manufacturing Com¬ 
pany, East Pittsburgh, Pa., was elected President of the American 
Institute of Electrical Engineers for the year beginning August 
1, 1929, as announced at the Annual Meeting of the Institute 
held at Swampscott, Mass., June 25, during the annual Summer 
Convention of the A. I. B. E. 

Professor Harold Babbitt Smith was born at Barre, Massachu¬ 
setts, May 23, 1869. He was graduated from Cornell Uni¬ 
versity with the degree of M. E. in Electrical Engineering in 
June 1891, but i^mained as 
graduate student until De¬ 
cember 1891. 

^ In January 1892 he was 
appointed Professor of Elec¬ 
trical Engineering in charge 
of the department at the 
University of Arkansas. 

Resigning from this position 
.in December 1892, he be¬ 
came Head Designer and 
Electrical Engineer for the 
Elektron Manufacturing 
Company,Springfield,Mass. 

From September 1893 to 
June 1896 he was Director 
of the Department of Elec¬ 
trical Engineering at Pur¬ 
due University. He has 
held his present position as 
Professor of Electrical Engi¬ 
neering and Director of the 
Department at Worcester 
Polytechnic Institute since 
1896.^ 

Professor Smith retained 
a connection with the Elek¬ 
tron Manufacturing Com¬ 
pany as consulting engi¬ 
neer until 1902, and did 
consulting work for several 
other organizations at vari¬ 
ous times. Since 1905 he 
has served as a consulting 
ei]^;ineer for the Westing- 
house Electric and Manu¬ 
facturing Company. 

He was Chairman of the 
International Group,, Jury 
of Awards, in Electrical 
Engineering at the St. Louis 
3Bixposition in 1904. Dur- 

the years 1917-19, he was an associate member of the Naval 
^nsulting Board and consultant of the Special Board of the 
Navy on Anti-Submarine Work. 

He has be^ a pioneer in the development of high-voltage 
power teansmission systems and equipment, has carried on many 
researches involving advanced conceptions of dielectric phenom- 
toa and stress distribution, and holds numerous patents. He 
has contributed many papers to the transactions of the societies 
and other engineering publications. 

Professor Smith's Institute activities are as follows: Associate 


1891; Member 1901; Fellow 1913; Director 1920-24; Vice- 
President 1924r26; Chairman of Sections Committee 1924-27; 
and member at various times of the Coordination Education, 
Bleetrophysics, Law, Instruments and Measurements, Sections, 
Student Branches, Edison Medal, Research, Meetings and 
Papers, and a number of special committees. He is at present 
Chairman t)f the Committee on Code «f Principles of Profes¬ 
sional Conduct. 

His other memberships include American Society of Mechani¬ 
cal Engineers (Member), Institution of Electrical Engineers 
(Great Britain), Society for the Promotion of Engineering 

Education, American 
Association for the Ad¬ 
vancement of Science, 
Sigma Xi, and Tau Beta 
Pi. 



Engineers to 
Award Their First 
Welfare Medal 

At some time during the 
current year there will be 
presented by the American 
Association of Engineers, 
the first Clausen Medal, of 
which suljisequGnt annual 
awards will be made to the 
engineer who, dihring tlie 
^ preceding year, *‘has ac¬ 
complished ‘distinguished 
service in the welfare cause 
—social or economic or 
both." The movement is 
sponsored by H. A. Wagner, 
a national director of the 
Association, and this year's 
committee of judges of 
award is composed of such 
men as G. M. Butler, Dean 
and Director of Engineering 
University of Arizona; L.W. 
Baldwin, J?resictent of the 
Missouri Pacific Lines; J. W. 
Thomas, Vice-President of 
the Firestone Tire and 
Rubber Company; C. P. 
Kettering, General Director 
of the General Motors Re¬ 
search Laboratories; Rufus 
B. von Kleinsmid, President 
of the University of South¬ 
ern California; Michael I. Pupin, Research Laboratory Depart¬ 
ment of Physics, Columbia University; A. B. Morgan, President 
of Antioch College; W. L. Baunders, Chairman of the Board 
Ingersol-Rand, New York; G. C. Warren of Warren Brothers 
Company, Boston, and A. N. Talbot, Professor Emeritus, CoUege 
jof Engineermfe, University of Illinois. The medal is named in 
compltoent of Henry W. Clausen, of Chicago, who has given the 
Association such commendable service for the past 15 years in 
various executive capacities. It beaxs the inscription "Award 
in recognition of a signal pubhe service.^ Designed to mark the 
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entrance of the American Association of Engineers into the field 
of welfare.’* 

The Faraday Medal to Doctor Semenza 

In April 1929, Doctor Guido Semenza, Local Honorapr Secre¬ 
tary of the Institute, Milan, Italy, was made the recipient of 
the Farraday Medal, an honor of outstanding scientific distinc¬ 
tion, conferred by the Institution of Electrical Engineers of 
Great Britain. 

Guido Semenza was bom December 19,1868 in London, but 
of Italian parentage. His father was a prominent patriot 
during the period of the independent wars, and was a great 
friend of Mazzini an<l^ Garibaldi; he also helped np^terially in 
the revolutionary iliovemonts against the oppressors of the people 
of Italy. Guido, as a child, returned to Italy with his parents, 
where his early education and classical studies began, and in 
1893 he received his degree as industrial engineer at the Poli- 
technic School in Milan. Subsequently he received another 
degree in electrical engineering at the Institute Montefiore in 
Liege. The following year he became associated with the 
Edison Company in Milan, when it was starting the study of the 
Paderno plant, which was the pioneer hydroelectric plant in 
Europe. Here he assumed the supervision of the electrotechni¬ 
cal construction and also projected and*dhrected the construction 
of the high-tension transmission line to Milan. He remained 
with the company until 1917 as Chief Electrical Engineer. 

During his connection with the Edison Company, his services 
as a consulting engineer were very often sought by other com¬ 
panies and he became one of the principal consulting engineers 
of bis country. He has also often been called upon in a consult¬ 
ing capacity by companies in foreign countries, principally in 
Zurich, Clermont Ferrand, London, Brussels, Odessa, Detroit 
and in various places in Brazil. With the assent of the managers 
of the Edison Company, he was called in 1904 to direct the activ¬ 
ities of the So6ieta Alta Italia. He renyuned with the com¬ 
pany as Manager until the telephone systems were taken over 
by the government in 1907. During this time he also served as 
a member of the Board of Directors of many Electrical Com¬ 
panies. In 1923 he succeeded in enlisting the necessary support 
and reorganized th^ company known as the C. G. S. (formerly 
Olivetti), manufacturing electrical instruments. He became 
its President and in a very few years it reached a high degree 
of prosperity. . 

He was one of the founders of the A. E. I., of which from 1915 
to 1917 he was President, and during his incumbency, notwith¬ 
standing the difficulties of the war, the Association developed 
greatly. He was also one of the founders of the*I. E. C-, to 
which, since its inception, Ite has given generously of his time 
and advice. In this connection, he has been for many yeap 
President of the Italian Electrotechnical Committee ^d in 
such posiSon hsCfe maintained a very active Italian participation 
in the I. E. C. In 1923 he was elected President of the I. E. C. 
and served in that capacity to September 1927. He entered 
actively and enthusiastically into the work of the Commssion 
and developed its activities in many new fields. During his 
presidency, meetings were held at The Hague,^New York, and 
Bellagio. 

When the Itahan Government decided to undertake the study 
of a general program for the development of the telephone sys¬ 
tem, he was called upon to preside over the commission which 
was appointed to consider and formulate a program. The plan 
decided upon by this commission was adopted, and the develop¬ 
ment of the telephone system in Italy carried out in accordmce 
with its recommendations. Prom 1919 to 1922 he was invited 
to become a Member of the Second Section the Superi^ 
Council of the Public Works Department in Italy, which und^ 
took a study of the problems of electric traction. His work 
in this council led the state railways to study the traction 
program from a broader point of view. During the war he was 


President of the Receiving Commission which had supervision 
over the production of shells by private industry. In the year 
1922 he was elected President of the National Scientific Technical 
Committee and continued as it(% President until 1928, at which 
time the “Consiglio Nazionale deUe Ricerche” was organized, 
the activities of the National Committee being absorbed by 
the new organization. 

Doctor Semenza organized the Italiafi^leetrical Exhibition at 
Marseille in 1906; he was also Commissioner General for Italy 
at the Exhibition of “White Coal” (energy generated by Alpine 
streams) and the Tourist Organization at Grenoble in 1925. 

In 1921 he acted as President of the Commission sent to the 
United States by a group of electrical societies and financial 
interests to study the most recent electrical developments and 
to endeavor to interest American capital in Italian enterprises. 

He has also taken an active part in numerous international 
congresses, such as the First World Power Conference and la 
Conference des Grands Reseaux. He is Honorary President of 
the I. E. C., Vice-President of the Internationa Commission on 
lUuminatibn and of the Conference des Grands Reseaux, and for 
many years has been Honorary Secretary for Italy of the A. I. 

E. E. and of the I. E. E. ^ 

Doctor Semenza has published many original scientific studies, 
among them the extension given by him to the Kelvin 
Law for the calculation of conductors, graphical tables for over¬ 
head line construction, many studies on towers for transmission 
lme.s, and he was the first to propose the use of elastic supports. 
He has also given much study to the problems of insulation.^ 
The insulator used in the Paderno plant in 1898, which was 
designed by him, is considered today one of the best among 
pin type insulators. He also gave his active help and advice 
in connection with the renewal of the electrical and mechanical 
plants in the Scala Theatre in Milan. In 1924 he was invited 
to read the XV Kelvin Lecture before the I. E. E. in London. 

I STANDARDS 

1 

...... .. 

Electrical Deflnitioiis—^Revised Report 
Report No. 2 in the A. I. E. B. Standard’s series was issued in 
August 1927. This report was made up of all the defimtions ^ 
appearing in the approved sections of the A. I. E. E. Standards of * 
that date. It was issued to obtain criticisms and suggestions- 
and if possible to eliminate inconsistencies. In a number of 
cases definitions of the same thing had developed, varying only 
slightly in wording. Such differences will unquestionably be 
necessary in some instances due to varying applications but in 
most cases can be eliminated through agreement of the com¬ 
mittees having the standards affected in hand. A new report 
dated June 1929 is now available in which part of such coordina¬ 
tion work has been induded. The new repoyt has also been 
carefully cross-indexed and brought up to date by “^e insertion 
of definitions from Standards approved since original date of 
publication. Copies of this new Report No. 2 may be obtained 
wi&LOut charge by writing, H. E. Farrer, Secretary, Standwds 
Committee, A. I. E. E., to whom all criticisms or suggestions 
should also be addressed. 

Constant Ctirrent Transformers —A New Report 
Report No. 12 on At I. E. E. Standards for CoMtant Current 
Transformers is now available. In accord^ce with our regu^ 
practise with all proposed A. I. E. E. Standards this is issued with 
a view to obtaining the opinions, criticisms and suggestions, of 
as many interested persons as possible. This report was de¬ 
veloped by a subcommittee of “ftie Electrical Machinery Co- 
mittee of the Institute. These tentative Standards apply only 
to constant current transformers. Other types of transformers 
are covered by Section 13, “Transformers, Induction Regulators 
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and Reactors,” and Section 14, “Instrument Transformers,” 
both approved A. I. E. E. Standards. The new report contains 
dehnitions, rating requirements, temperature limitations and 
methods of making the temperature test, efficiency and losses, 
dielectric test, insulation resistance, lead markings for trans¬ 
formers, recommendations for operation. Copies of Report 
No. 12 can be obtained ^sgithout charge by writing the Secretary 
of the Standards Committee at A. I. E. E. headquarters. 

Switchboards and Switching Equipment for Power and 

Li^ht 

A Report No. 27, on proposed Standards for Switchboards 
and Switching Equipment for Power and Light, developed by a 
subcommittee of the Standards Committee, is now available for 
criticisms and suggestions. This report covers proposed Stand¬ 
ards for switchboards and switching equipment not specifically 
covered elsewhere as apparatus. The Standards do not apply 
to industrial conjrol equipment or communication switchboards 
and switching equipment. The following listing ghows the 
general subjects covered in the report: Service Conditions, 
definitions, rating, temperature limitations, tests, name plates. 
Copies of this report can be obtained without charge by writing 
the Secretary of the Standards Committee at A. t. E. E. head¬ 
quarters. 

Abbreviations for Scientific and Engineering Terms 

A Subcommittee on Abbreviations of the Sectional Com- 
piittee on Scientific and Engineering Symbols and Abbreviations 
has been working on the development of American Standards for 
abbreviations for scientific and engineering terms. The work of 
the subcommittee has now reached the point where it is possible 
to print their report as the proposed Tentative American 
Standard, The American Society of Mechanical Engineers, 
one^of the joint sponsors with the Institute and three other 
groups, has issued the report in page proof form for the purpose 
of criticism and comment. Abbreviations of electrical terms 
form a part of the report. Probably the most notable feature of 
the proposed abbreviations is the omission of period except 
where the abbreviation forms a complete word, as (arm. for 
armature). The Sectional Committee has made the following 
distinction between symbols and abbreviations: A symbol is a 
letter or sign used in a formula as a substitute for any numerical 
^ value. A shortened expression for a name or a unit is an ab- 
breviation and not a symbol. 

* 

The Subcommittee on Abbreviations has formulated the fol¬ 
lowing fundamental rules for formation and use: 

1. Abbreviations should be used sparingly in text and with 
regard to the context and to the training of the reader. Terms 
denoting units of measure are abbreviated in the text only when 
preceded by the amounts indicated in numerals; thus “several 
Inches,” “one inch,” “12 in.” In tabular matter, specifications, 
maps, drawings, and text for special purposes, the use of ab¬ 
breviations is governed by the desirability of conserving space. 

2. Do not begin a sentence with a numeral followed by an 
abbreviation. 

3. Avoid capitals in abbreviations except in words norm^y 
capitalized. 

4. Hyphenated compound words call for hyphenated ab¬ 
breviations; thus “hp-hr” 

6. With but few exceptions of abbreviations in common 
usage, the siagular only is used; thus “in.” for “inches,” not 
“ins.;” but No., Nos., Fig', Figs. 

6. Short words such as ton, day, and mile are spelled out. 

7. Do not use abbreviations where the meaning will not be 
clear. In case of doubt, speU out. 

8. Do hot use conventionid signs for abbreviations in text; 
^us POT, not/; lb. not in., nbt Such signs are used sparingly 
in tables and similar places for conserving space. 


9. The Committee endorses the movement which was begun 
by the International Committee on Weights and Measiues in 
omitting the period in abbreviations of metric units and further 
endorses the growing tendency toward the omission in abbrevia¬ 
tions of other origin. In the interests of economy and the 
elimination of waste the Sub-Committee recommends the 
elimination of the period in all cases except a few wliero such an 
omission results in an English word. Exceiitioiis to this practise 
will be found in a few mathematical and chemical terms, such 
as sin, tan, log, Be, die. 

10. Do not space the letters of such abbreviations as ASME 
(not A S M E). 

11. In t^xt, do not use the exponent« for tlio abbi’oviations 
of square and cube nor the negative exponents for terms involving 
per. The superior figures are usually not available on tlie key¬ 
boards of typesetting and linotype machines and composition 
is therefore delayed. There is also the likelihood of confusion 
with footnote reference nublbers. These shorter forms are per¬ 
missible in tables and are sometimes difficult to avoid in text. 


Report of Committee of Tellers on Election 
of Officers 

To the President 

American Jnsiiiutc of Elcclricnl Engineer a 

Dear Sir: 

This Committee has canvassed the ballots (;ast for tlu» nhwjtion 
of Institute officers for the year 1929-30, and reports as follows: 

Total niunber of ballot envelopes received. .6077 

Ballots rejected, in accordance with Art. VI, Becis. 32 
and 34 of the Constitution: 

From members in arrears for dues for year ending 

May 1,1929. 137 

Received in envelope unmarked by identifying 

signature. 48 

Received in improper envelope.' 124 

Received after May 1,1929... ./ . 19 

Leaving as valid ballots. 4749 

These 4749 valid ballots were counted, and the result is shown 
as follows: 


For President 

Harold B. Smith.?. 

Blank. 

For Vice-Presidents 

District 

No. 2 Middle Eastern 

E. C. Stone. 

Blank. 

No. 4 Southern 

W. S. Rodman. 

Blank. 

No. 6 North Central * 

Herbert S. Evans... 

Blanjc. 

No. 8 Pacific 

C. E. Fleager. 

Blank. 

No. 10 Canadian 

^ C. E, Sisson. 

Blank.r. 

Foe Directors 

J. E. Hearns... 

JT. S. Lee.... . !!!!.*!! 

C. E. Stephens. 

Blanks. 


4.691 

1.68 


4022 

127 

4.697 

1.62 

4.695 

154 


4.697 

152 


4595 

154 


4656 

4660 

4660 

271 
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For National Treasurer 

George A. Hamilton. 4^22 

Blank. 

Respectfully submitted 

W. E. CoovER, Chairman • 

Alee Johnson 
R. R. Kimb 

W. C. F. Farwell per G. F. Fowler 
J. T. Wells % 

R. A, Rich 

Committee of Tellers. 

Date May 14, 1929 

r.........I 

I AMERICAN ENGINEERING com | 

I...................... 


A. E. C. APPOINTS COMMUN<^CATIONS COMMITTEE 
To Siudy Couzcns Rill for Ro^uliition of tho Tronsmission of 
Intelligence by Wire or Wireless 

With the approval of the Executive Committee, President 
Berresford has announced the appointment of A. E. C/s Com¬ 
mittee on Communication, as follows: B. F. Wendt, Chaurman; 
0. H. Caldwell; C. B. Hawley; Dean Dexter S. Kimball; Pro¬ 
fessor Frank A. Scott. 

Shortly after the beginning of the special session of the 71st 
Congress, Senator Couzens introduced S. 6, April 18, 1929, which 
provides for the regulation of the transmission of intelligence by 
wire or wireless. The purpose of this bill is to regulate all 
forms of interstate and foreign radio transmission communica¬ 
tions within the United States, its territories and possessions, 
this to be accomplished through a commission composed of five, 
representing five territories. 

On June 4, Senator Couzens proposed an amendment to his 
original bill, changing the Commission's name from Commission 
on Communications to Commission on Communications and 
Power. • Such a Commission would taJce over most of the duties 
of the pre^sent Federal Power Commission. 

It is contemplated that the special committee of American 
Engineering Council on Communications will render its report 
prior to the meeting of the Administrative Board in October. 

OUESTIONS DISCUSSED AT MEETING OP THE 
ADMINISTRATIVE BOARD 

Among the many items handled at the meeting of Gie Council s 
Administrative Board May 24-26, in Washington^ D. C., notice 
of which appeared in the June issue of the J ottrnal page 484 were 
the Report of the Treasurer; Approval of the Revised Budget; 
Membership and Representation of American Society of Civil 
Engine^^s; Report of Committee on Flood Control; Appropria¬ 
tions for U. S. Geological Survey; Topographic Mapping; 
Government Reorganization; L'Enfant Memorial; Functional 
Outline of Work of Committee on Engineering and Allied 
Technical Professions; State Engineering Councils; Amendment 
to the Federal Constitution; Legislation Relative to Water 
Resources; and World Engineering Congress.^ 

The Executive Committee recommended to the Administrar- 
tivG Board th^ Council exercise its influence to secure larpr 
appropriations for the prosecution of the topographic mapping 
of the United States. This recommendation was approved 
by the Administrative Board. 

Approximately thirty patriotic organizations have endorsed 
the movement to have erected here in Washington, D. C. a 
memorial monument to Major Charles Pierre L’Enfant. Major 
L'Enfant was one of the early American patriots of the 
lutionary War. He was a distinguished French engineer ‘vft.o 
offered his services and actually joined the cause of the thirteen 
colonists several months prior to his distinguished compatriot, 
Lafayette. Major L'Enfant is perhaps best known because 


he was commissioned by General George Washington and 
actually designed and laid out our National Capital City, 
Washington. In the proposed plans for the beautification of 
Washington the original designs of Major L'Enfant are to be 
followed in nearly all respects. 

COUNCIL AFFOINTS COMMITTEE(%t>N ENGINEERING AND 
ALLIED TECHNICAL PROFESSIONS 

The Administrative Board of American Engineering Council 
meeting in Washington, D. C., May 24, approved the personnel 
of the committee authorized by Council's Constitution. This 
committee is known as the Committee on Engineering and Allied 
Technical Professions, and will be constituted as follows: H. C. 

Morris, retired mining engineer of Washington, D. C., Chair¬ 
man. Conrad N. Lauer, representing The American Society of 
Mechanical Engineers; H. A. Kidder, representing the Auierican ^ 
Institute of Electrical Engineers. (He will serve as Chairman of a 

similar committee for the Institute at such t^p-e as it is author¬ 
ized); B. McDaniels, representing the American Society of 
Civil Engineers; and L. W. Wallace, Executive Seeretar 3 ',. 
American Engineering Council is ex-officio a member of the- ^ 
committee. ^ ^ ^ , 

This Committee was formed to enable the Council to enter* 
upon a program designed to improve the general status of the 
engineering profession. The program as now contemplated 
partakes of the following character: (1) Collect, tabulate, analyze 
and disseminate information concerning the earnings of engineers, 
such information to be so classified as to give a clear conception 
of the earnings of engineers in the several branches of the pro¬ 
fession and also in various lines of endeavor such as Federal, 

State, and municipal employment. (2) For the purpose of 
suitable comparisons, information will be obtained in so far as > 
possible relating to the earning^ of other professional men. ^3) To 
ascertain the status of the profession as measured by appropriate 
standards. (4) To determine the major trends of the profession. 

(6) To disseminate the facts ascertained. This dissemination is 
to be directed towards two different audiences; namely, (a) 
engineers; (b) the public. (6) Classification:— A. determina¬ 
tion or classification in which each type of engineer belongs, 
and a statement of the qualifications requisite to this dlassificar 
tion. This is particularly needed in the Federal government ^ 
service. (7) Registration of engineers ‘.--Registration of engi¬ 
neers prevails in some twenty states.' This movement has had? ^ ^ 
no guidance on the part of any major fraction of the profession. 
However, because of existing registration laws no adequate plan 
can be projected relating to the economic and professional status 
of the engineer without giving due consideration to the influences 
and trends of registration. (8) Technical Education: This 
item is listed for the purpose of raising the query as to whether 
or not the profession has any responsibility with reference to 
technical education. (9) By-Paths:—Such a broad gaged 
survey as is contemplated will not fail to bring to light certain 
corollary questions which will of necessity have to be pursued 
to some degree in order to get that breadth of comprehension 
necessary to an inclusive judgment and action. (10) Objectives 
fdr the profession:—On the basis of the information compre¬ 
hended in the foregoing items, there should be an opportumty 
to set up certain forward looking and comprehensive objectives ^ 
for the profession. Engineers are presumed to be analyzers ♦ 
and planners. It is therefore logical to believe that by analyzing 
the profession they^would be able to formulate some major 
objectives for the profession to endeavor to realize in the years 
ahead. (11) Expert guidance:—It is contemplated as a result 
of the survey the Council will arrive at that position where it 
can give expert gfuidance to matters affecting the profession or 
branches thereof in local and national situations. What is 
contemplated here can best be illustrated by a specific example. 

Some months ago there arose a critical relationship between 
the engineers employed by the municipalities of New York and. 
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Chicago largely relating to the salaries paid to such men. The 
Council hopes, as a result of the survey, to be able, when such 
situations arise, to send a man thoroughly versed in such matters 
to the locality involved for the ^pose of counseling with and 
supplying facts to anj^- local committee, thereby enabling such 
committee to be more successful in its negotiations. 

MEETING OF SEGRETAftlES OF ENGINEERING SOCIETIES 

The conference of Secretaries of Engineering Societies has 
been sponsored by American Engineering Council. The fourth 
such conference was held June 6,1929, in Chicago. 

There are many problems which all engineering societies 
have in common, and a meeting approximately every two years 
of those compelled to study and obtain some solution to these 
problems has been found most helpful. Among the questions 
00 discussed at the recent meeting was the standardization of forms, 
and procedure in effecting transfers of engineering society 
memberships; the matter of the adoption of standards and 
acceptable definitions for the designation of different grades in 
engineering societies was given considerable discussion. 

Mr. Charles E, BiUin, Secretary, Engineers Club of Phila¬ 
delphia, presente,d an able discussion on the subject of Participar- 
• tion of Engineers in Civic Life of the Community. * 


FLOOD CONTROL OF MISSISSIPPI 

^ Following the report of its Mood Control Committee the Ad¬ 
ministrative Board of Council, composed of Gardner S. Wil¬ 
liams, Chairman, Baxter L. Brown, John R. Freeman, and 
Arthur E. Morgan, meeting in Washington, May 24, endorsed 
the report and recommended that a board of review consisting 
of non-partisan and competent civilian engineers be appointed 
with authority to develop the best possible solution of the 
Mississippi Mood Control Problem, 

The Mood Control Committee represents several sections of 
the country and has given extensive study to the questions 
involved. 

The Mood Control Act of 1928 provides for an expenditure 
in excess of $300,000,000. Many witnesses who appeared before 
the Mood Control Committee of the House predicted that the 
present plan which is being carried into execution is inadequate 
# and may result in a disaster as great as that which occurred in 
1927. In 1926 a report of the Chief of Engineers, U. S. A., 
stated that the valley was safe from floods. 

^ The professional engineers through their duly constituted 
representatives, American Engineering Council, have continu¬ 
ously warned the nation of the inadequfwy of the present plans 
for flood control on the Mississippi, and the danger involved in 
executing them. 

Following a visit by a non-partisan delegation of the Senate 
and House of Representatives, Secy, of War Good has tem¬ 
porarily suspended action on the most controversial features of 
the present plan. Pres. Hoover has referred the matter to the 
Attorney General for a decision as to legal action permitted him 
as Executive of the Nation. Thus far, contracts for the proposed 
floodway levees in Missouri and the Boeuf Basin have not been 
let. It is expected that the Attorney General’s decision wMl 
be that legally President Hoover is bound by the Mood Control 
Act of 1928 and the executive decisions of his predecessor, Mr. 
rCoohdge, to the extent that he cannot delay or prevent the 
execution of the present authorized flood control plans without 
additional Congressional authority. ^ 

Senator Lynn Frazier of North Dakota has also introduced 
Senate Res, 69, the closing paragraphs of which are in part as 
follows: 

**Besolyecl,^Tliat there Is hereby established a board to be known as the 
S^te Mississippi Engineering Advfiory Board, which shaU be appointed, 
acting jointly, by the chairmen of the Oonunittees on Oommerce, Interstate 
O mmerce, and Agriculture and Forestry; said chairmen shiOl have the 
authority to fix the compensation of the members of said board and to 
remove or replace at any time a member thereof. The said board shall 
submit a report to each of the said committees, and each committee sBSui 
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transmit to the Senate the said report with their findings thereon. 

“The said board shall be composed of eleven members who shall be nomi¬ 
nated as follows: One, a financial economist, by the President of the Senate; 
two Army engineers by the .chairman of the Committee on Interstate 
Commerce; two civilian engineers by the chairman of the Committee on 
Agriculture and Forestry; two civilian engineers by the American Society 
of Civil Engineers; and two civilian engineers by the American Society of 
Mechanical Engineers. 

“The eleven members shall be qualified as follows: One member shall 
be an expert financial economist; two shaU be Army engineers; and eight, 
each of whom shall be a distinguished civilian engineer of great attainment 
and experience, to be srigcted firom as many of the following engineering 
classifications as practicable; Civil, mechanical, electrical, contracting, 
'Structural concrete, foundation, locks, dams, dredging, hydraulic, or marine 
construction. 

One of proposals whieli any review board studying the 
Mississippi Flood Control Problem would Se expected to investi¬ 
gate, is the so-called ‘‘Riker spillway project,” illustrated model 
of which is now on display in the basement of the Senate Office 
Building. 

-- 

CENSUS BILL TO PASS 

The Constitution of the United States requires a census every 
ten years for the purpose of re-apportioning the membership 
of the House of Representatives. Although, the census has been 
taken every ten years, the House of Representatives was not 
re-apportioned after the l920 census. The technical and politi¬ 
cal reasons assigned for the failure of Congress to comply with 
this Constitutional requirement are numerous, but the out¬ 
standing fact seems to be that in the last twenty years the large 
cities and industrial centers have gained very rapidly in popula¬ 
tion, while the rural sections of the country have gained only 
slightly. Many of the Members of Congress from states thus 
adversely affected , by a reapportionment have opposed and 
thus far prevented a reapportionment being made. 

According to the present legislation, the fifteenth and sub¬ 
sequent censuses will be restricted to population, agriculture, 
irrigation, drainage, distribution, unemployment, ^nd mines, all 
subjects of vital concern to the engineering profession. ^ 

Among the chief differences in the bills as passed by 'the two 
Houses were the following: The Senate provided for a^ census of 
radio sets. The House struck out this provision. In conference 
the Senate accepted the amendment. « 

One of the most constructive features of the present census 
bill is the provision for the reapportionment of the House of 
Representatives automatically in accordance with the method 
used in the la^t preceding apportionment, leaving the total 
membership of the House of Representatives at its present 
figure of 435 members. The President is also instructed by this 
measure to rdi)ort to Congress the apportionment that would 
result by the method used in the las^ preceding apportionment 
by the method known ‘‘as the method of major fractions,” 
and by the method known as ‘‘the method of equal proportions.” 

The bill also provides that if the Congress to wfdch tlie Presi¬ 
dent s statement is transmitted fails to pass a reapportionment 
law, then each state ^hall be entitled to the number of representa¬ 
tives shown in the statement, based on the method used in the 
last apportionment until an apportionment law is enacted. 

Professional and technical men familiar with the Constitution 
will view with regret the fact that Congress has not seen fit to 
adopt the scientifically correct and mathematically demonstrated 
method of reapportionment known as ‘‘equal proportions.” 
For political reasons it was not possible to secure the enactment 
requiring the use of this method. 

The administration and execution of the coming census will 
be under the Director of the Bureau of Census, Dr. William M. 
Steuart. His assistant is Dr. Joseph A. Hfll. The heads of the 
various departments are as follows: 

population, Leon E. Truesdell: Agriculture, Colton and To¬ 
bacco, William L. Austin: Manufactures, LaVerne Beales: 
Finandal Statistics of States and Cities, Starke M. Grogan: 
Vital Statistics, Doctor T. E. Murphy: Tabulation, William B. 
Cragg; and Geographer, Clarence E. Batschdlet. 
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Discussion at Dallas Regional Meeting 

A summarized report of tlie discussion at the technical sessions 
of the Dallas Regional Meeting held May 7-9 is given in the 
following paragraphs. 

A complete record of the discussions will be published^with the 
respective papers in the Transactions. 

A report on other features of this meeting was published in the 
June issue of the Journal. 

Power Session % 

Developments in Network Systems and Equipment^ T. J. Brosnan 
and Ralph Kelly. 

Standard-Voltage A-C. Network, John Oram. • 

Automatic Reclosing of High-Voltage Circuits, E. W. Robinson 
and S. J. Spurgeon. 

In discussing the first two papers P. E. Johnson emphasized 
the difficulty of selecting proper fuses for networks. He ad¬ 
vocated that the fuse should be oTh^uch size that it will give 
relief on primary cable faults rather than secondary cable faults. 

R. J. Wensley, speaking on the last paper, pointed out that 
automatic reclosing equipment was in use as early as 1916. 
He mentioned that the advantages of simple d-c. closing solenoids 
may be enjoyed where only a-e. supply is available by emplosdng 
small copper-oxide rectifiers to give the*direct current. 

Second Technical Session 

Bare-Wire Overhead Distribution Practise, M. C. Miller. 

Interconnection in the Southwest, G. A. Mills. 

Electrification of Oil Pipe Lines in the Southwest, D. H. Levy. 

Selective Remote Metering Equipment, R. J. Wensley. 

In connection with Mr. Miller’s paper, G. A. Mills stated that 
his company prefers to use weatherproof wire for the mechanical 
separation which it aftords. He stated that his company is 
experimenting with a lead oxide coating over the weatherproof 
insulation, whic]^ coating has been proposed as a protection 
against deterioration of the insulation. J. B. Thomas stated 
that his^cqmpany has had four year’s experience with bare wire 
and that both installation an^ maintenance costs are lower than 
with weatherproof wire. 

Commenting on Mr. Mills’ paper, R. J. Wensley enumerated 
some of the engineefing problems that arise on interconnected 
systems, such as voltage control in transformers, stability, quick 
excitation, relaying and communication. 

In answer to questions regarding the usd of synchronous and 
wound-rotor induction motors in oil pip-line pumping, D. H. 
Levy pointed out an important disadvantage of these two motors; 
namely, that they have brushes which may spark; and cause 
exjJlosions of the oil .vapor wlyioh is often present. Enclosure of 
the motor in a separate room has several disadvantages he said. 

Third Technical Session 

Progress in Lightning Research, P. W. Peek, Jr. 

Lightning Studies of Transformers by the Cathode Ray Oscillo¬ 
graph, P. P. Brand and K. K. Palueff. 

Flying-Field and Airway Lighting, H. R. Ogden. 

Electrical Features of the New Kansas City Water Works Plant, 
A, L. Maillard. 

J. P. Peters, in discussing the second paper of this session, stated 
that the physical? proportions of a transformer winding have 
very much to do with the voltage distribution and that with 
windings of the correct proportions the voltage distribution is 
uniform for the impulses which might produce dangerous 
oscillation. 

There was further discussion by D. W. Roper, Edward Beck, 
and J. H. Cox on the work now being done to determine the 
nature of the surges caused by lightning on transmission 
distribution lines. 

PouBTH Technical Session 

Meeting Long Distance Telephone Problems in ^e Southwest, 
H. R. Pritz and H. P. Lawther. 


Railway Train Signal Practise, P. M. Gault. 

Telephone Transmission Networks, T. E. Shea and C. E. Lane. 

Program Transmission over Telephone Circuits for National 
Broadcasting, P. A. Cowan. 

In answer to questions on his paper Mr. Gault stated that 
semaphore signals are becoming obsolete on many railroads. 
The first cost and maintenance expense he said are higher for 
the semaphore than fbr the light signals. 

In discussing the telephone papers P. A. Cowan brought up 
the point of resistance noise in communication circuits which is 
caused by the thermal agitation of electrons within a conductor. 
This resistance noise he said has to be considered as its level 
must not be so high as to interfere with the signal. Other facts in 
connection with the history and the extent of communication 
systems were discussed by S. P. Grace, J. W. Creasy, C. W. 
Mier, E. T. Mahood, W. 0. Pennell, and A. B. Covey. 

Muscle Shoals Again Before Congress 

On May 28, Senator Norris of Nebraska introduced S. J. Res. 
49 which provides for the operation of Muscle Shoals, for the 
experimental production of nitrogen and for the sale of surplus 
power there generated. The following day, the Senate Com¬ 
mittee on Agriculture and Porestry, by vote of 13 to 0, ordered 
a favorable report on this legislation. 

This action was taken after Senator Norris had explained 
that the resolution is practically identical with the joint legis¬ 
lation passed by both Houses during the last Congress and- 
which was pocket-vetoed by President Coolidge. 

An appropriation of $10,000,000 would be authorized by 
this resolution to start operations, and expenses thereafter would 
be met by revenues derived from surplus power. 

Award of George Montefiore Levi 
Foundation 

The Jury of the first triennial meeting of the Potjndation 
George Montepioee Levt held at Liege September 21, 1911, 
has awarded to Mr. Bela Gati, Chief Engineer of Telegraphs, 
Budapest, a prize of three thousand francs, for his memoirs 
entitled: 

a. Researches on the Microphone and on the Telephone at 
Many Thousand Kilometers Distance; and 

b. Telephone Relays. 

The Jury is composed of: Mr. Eric Gerard, President, Messrs. 
Banneux, Boucherot, Count Cicogna, de Bast, Elapp, Kennelly, 
Kittler, Libert and Roosen, members; Mr. L’Hoest, Secretary 
General. 

Mr. Bela Gati was elected an Associate of the Institute in 1925. 

I PERSONAL MENTION f 

L.„„,_____ 

W. J. Moxtlton-Redwood, previously Plant Engineer for the 
Qoneral Motors New Zealand Ltd. is now with The Canadian 
National Railways in the capacity of Engineer Computer in 
the Valuation Department. 

B. Finley Caetee has resigned from the General Electric 
Company, Schenectady, where he was employed in the Radio 
Engineering Depaxtmei^t in charge of special developments, to 
direct aradio frequency developments for the Mutual Research 
Corporation, located at Long Island City. 

0. H. Eschholz has been appointed manager of the Patent 
Department of the Westinghouse Electric and Manufacturing 
Company, succeeding O. S. Schairdb, who resigned to accept a 
similar position with the Radio Corporation of America. Mr. 
Eschholz’s headquarters will be at the company’s East Pitts¬ 
burgh works. 

0. Q. OoEDES has recently severed his connections vrith the 
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Castanea Paper Company, and New York and Pennsylvania 
Company, where he was employed as Research Engineer, to 
become General Industrial Engineer for the Engineering Division 
of the Westinghouse Electric and Manufacturing Company’s 
Middle Atlantic District, Philadelphia, Pa. 

Hadlby F. Freeman, of Smith and Freeman, patent attorneys, 
1310 Hanna Building, Cleveland, Ohio, has opened a branch 
office at 907 Otis Building, Chicago, under 'the name of Freeman 
and Sweet. Mr. Freeman will act as counsel for the Chicago 
office and conduct its litigation, but wiU remain resident here, 
and the Chicago office will be in charge of Mr. Sweet. 

Mortimer Silverman, of Brookline, assistant to the president 
of the Boston and Maine Railroad, has resigned to become Chief 
Engineer and Assistant to the President of the United Merchants 
and Manufacturers’ Corp., and in his new position will again be 
associated with Homer Loring, former Chairman of the Boston 
and Maine with whom he was formerly connected for 17 years. 

Di McFARLAii Moore, Fellow of the A. I. E. E. and Past 
Vice-President of the Illuminating Engineering Society well 
known as one of the earliest pioneers in gaseous conduction, and 
inventor of the television lamp, has been elected a member of 
the Lehigh Chapter of the Society of the Sigma XL 
Mr. Moore also recently addressed the Electrochemical Depart¬ 
ment of Columbia University. 

Arthur W. Gray, by whom the Thermal Expansion Labor^ 
toryof the Bureau of Standards was established and who origi¬ 
nated important methods and apparatus that are stiU in use there, 
Tias joined the staff of The Brown Instrument Company as Asso¬ 
ciate Director of Research, where he wiU be engaged mainly in the 
development of scientific and industrial instruments. For this 
work Dr. Gray is well fitted by his long training and experience. 

Parker Hayward Daggett, formerly Professor of Electrical 
Engineering at the University of North Carolina has been 
elected Dean of the College of Engineering, Rutgers University, 
New Jersey. Professor Daggett has been President of the North 
Carolina Society of Engineers, and was active in preliminary 
plana for the North Carolina Section of the A. I. E. E. which was 
organized May 2, 1929, in accordance with authority granted 
by the Board of Directors on March 21. 

H. Speight of the Westinghouse Electric and Manufacturing 
Company has been appointed to the office of Section Engineer in 
charge of electroohemical and electrometallurgical work in the 
^ company’s General Engineering Department, East Pittsburgh, 

' Penn., effective May 1, 1929. Following bis experience in the 
public utility field, Mr. Speight for two and one-half years was 
manager of an electrical contractmg company in Liverpool. 

Frank A. Merrick, an executive of the electrical industry 
who has served in the United States, Canada, and Great Britain, 
was recently elected President of the Westinghouse Electric and 
Manufacturing Company. He succeeds E. M. Herr, President 
since 1911, whose resignation was tendered that he might go 
on an extended vacation necessitated by his present state of 

health. ^ . 

Mr. Merrick advances to president from the position of vice- 
president and general manager. He joined the Institute as an 
Associate in 1907. 

John F. Peters, prominent consulting engineer of the 
Westinghouse Electric and Manufacturing Company, was 
^ awarded the. Longstreth Medal for the invention of the My- 
donograph—^the only simple device in the world for recording 
the effect of lightning as it strikes a ^transmission line. The 
award was made on May 15 at the Medal Meeting of the Frank¬ 
lin Institute in Philadelphia. In 1926 Mr. Peters was appointed 
to his present position of Consulting Engineer for the entire 
Westinghouse organization.^ Today he is credited over 30 
patented inventions. 

Lewis Taylor Robinson, Bngineer-in-Charge of the General 
Engineering Laboratory of the General Electric Company, 
Schenectady, a Fellow of the Institute since 1912 and twice one 
of its Vice-Presidents, was the recipient of the honorary degree 


of Doctor of Science at the 133d Annual Commencement of 
Union College, Schenectady, June 1929. In conferring the 
degree, Doctor F. P. Day said of Mr. Robinson, “Lewis Taylor 
Robinson, inventor, engineer, musician, has for many years 
occupied a leading position in the world of electrical science. 
He has 5)ntributed materially to the progress of the art through 
many valuable inventions and papers before learned societies, 
giving unselfishly of time and energy as a member of many 
scientific national and international committees; a student 
in the truest sense ^of the word.” Under his admimstration, 
the Laboratory has established and maintained a complete set of 
electrical standards for the Company beside his contributions 
of many ijaportant machines and devices, notable among 
which are the oscillograph, means for defermining the magnetic 
properties of iron, mercury arc rectifier developments and re¬ 
cently a system of the motion pictures with sound. During 
1919-1920 he was Chairman of the Institute’s Standards Com¬ 
mittee. He is also active psTthe Board of Trustees of the United 
Engineering Societies and was one of the Institutes representsr 
tives on the Joint Conference Committee which was responsible 
for the founding of the present American Engineering Council. 
He is a member of the U. S. National Committee of the Inter¬ 
national Electrotechnical Commission, of the Committee on 
Insulation of the Nation&l Research Council, the Society for the 
Promotion of Engineering Education, the American Association 
for the Advancement of Science, the N. E L. A., N. E. M. A., 
the Society of Engineers of Eastern New York, and the American 
Society of Motion Picture Engineers. He is also a Fellow of 
the American Physical Society. Many men now in the employ 
of the General Electric Company as well as in other companies 
served their apprenticeships with Dr. Robinson and it may be 
accurately said that his influence has abundantly permeated 
the electrical industry. 


* Obituary 

Ralph L. Werden, of the Long Lines Engineering Department 
of the American Telephone and Telegraph Companj^, New York, 
and a Member of the Institute since 1918, died at Bogota, 
March 21,1929, after a two-day illness of influenza and bronchial 
pneumonia. Mr. Werden was active in the work of the telephone 
liTiA connecting New York and San Francisco; he was a trustee 
of the William F. Bujk Lodge No. 230 and of the Bogota Masonic 
club. He also served on the general board of assessment 
commissioners. 

Charles Francis Brush, inventor of the arc light, an out¬ 
standing scientist, humanitarian, philanthropist and one of the 
Institute’s first Managers, 1884-1887, died at his home in Cleve¬ 
land, Ohio, June 15, 1929 at the age of eighty, complications 
from bronchitis which developed into pneumonia causing his 
death, ^ ^ 

Mr. Brush was born at Euclid, Ohio, March 17,1849, both of 
his parents coming from old American families. His grammar 
and high school educatiop was obtained in the pubHo schools of 
Cleveland from which he was graduated at an early age. While 
still at school, he became intently interested in electrical appara¬ 
tus and, in trfie boy fashion, experimented with his own con¬ 
struction of static machines, induction coils,/tnd small motors; 
his graduating essay, in fact, was on the dynamo and arc light, 
based upon the Wilde experiments in London. In 1869 he was 
graduated in TYiining engineering from the University of Michi¬ 
gan, returning for a postgraduate course which won for him his 
M. S. degree, followed by a Ph. D. from the Western Reserve 
University. This latter university also conferred upon him 
an honorary degree of LL. D., as did also the Kenyon College 
gin 1903. ^ 

It was in 1860 that the Italian, Paccinotti, made a great 
discovery in electricity, but it was destined to remain buried in 
the archives of Italian libraries until a young Belgian by the 
name of Gramme reinvented the dynamo electric machine. 
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Doctor Brush, then a young man just out of college, was one of 
the first to realize the value of this **nucleus*’ and to undertake 
further the history of its evolution and application with varia¬ 
tion and improvement. By 1876 he had designed a dynamo— 
constructed under his own supervision—a pioneer maijjiine to be 
exhibited at the Paris Exposition in the United States Historical 
Exhibit. In 1877 he introduced the compound field winding 
for constant potentials now so generally applied to electric light¬ 
ing; its first use was in connection with plating machines. At 
the Charitable Mechanics* Pair in Bostoii (1878), an exhibit of 
greatest historic and scientific interest, was displayed the earliest 
form of what afterward became the world-famous Brush are 
light machine. His, Joo, was the great invention oi the differen¬ 
tial are lamp, the coustruetion and operation of which included 
the principle making it possible to operate lamps in series in¬ 
stead of in parallel. Another apparatus of great significance,— 
the automatic cut-out, permitting each lamp to cut itself out 
of circuit should trouble arise or carbon burn out was of his 
development. This was looked upon as one of the greatest 
inventions of the era—a fact conceded by even Doctor Brushes 
contemporaries in the same field of development. 

Prom that time on it was a rapidly growing industry. Copper 
plating of carbon electrodes was also introduced by Doctor 
Brush and 3 delded large royalties, fii 1881 the Brush Electric 
Company was incorporated and capitalized at 1^3,000,000. 
Approximately ten years later when the General Electric Com¬ 
pany was formed, it absorbed this company and the works were 
removed from Cleveland to Schenectady, but in the meantime, 
through the formation of other corporations, the Brush apparatus 
and system were being introduced. The storage battery prob- 
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lem received considerable attention from Doctor Brush, and as a 
result of his effort, great improvement was accomplished in the 
manufacture of lead plates. Bp too devised the ingenious system 
of charging storage batteries from an arc light system and the 
subsequent subdivision of light, demonstrating that it was 
possible to run incandescent lights on an arc light circuit. 

In 1881 at the International ElectH^jal Exposition in Paris 
there was exhibited by the English Brush Company as one of 
the most interesting features, a certain Brush apparatus. It 
was in this year too, that Doctor Brush was decorated by the 
French Government as Chevalier of the Legion of Honor; in 
1889, the American Academy of Arts and Sciences awarded to 
him the Bumford medal, bestowed by both the Royal Society 
and the American Academy of Arts and Science, ^‘for the most 
important discover^' or useful improvement on heat and light.” ^ 
Doctor Brush is a corporator of the Case School of Applied 
Science, trustee of the Western Reserve University, Fellow of the 
American Academy of Arts and Sciences; member of the Physical 
Society, •the American Philosophical Society; Fellow of the 
American Association for the Advancement of Science; Life 
Member of the British Association, Ohio State Board of Com¬ 
merce, Cleveland Chamber of Commerce (of which he was also 
President 1909-10); The American Society of Mechanical Engi¬ 
neers; members of the Archeological Institute of America, the 
American History Association, the National Electric Light ^ 
Association, the Franklin Institute, the American Chemical 
Society, the Royal Society of Arts; Fellow of the American 
Geographic Society and the N. British Academy of Arts. He 
was a Charter Member of the Institute and in 1913 received the 
Edison Medal award. 


INSTITUTE AND RELATED ACTIVITIES 


A. I. E. E. Section Activities 

............... 


• , NEW YORK SECTION 

Second Power Group MeeMng. On the evening of Tuesday, 
May 28th,* the Power Group of the New York Section held its 
second meeting. Through the courtesy of the New York Edison 
Company, the auditorium of the Consolidated Gas Bxdlding was 
made available, and the meeting called to order by Chairman 
George Sutherland at 7:46 p. m. A motion picture on the 
‘‘Construction of the Conowingo Hydroelectric Development” 
was shown followed by the two papers: The Economical 
Division of Generating Means, by James D. Winans and F. W. 
Gay of the Public Service Production Co.t and Eaj- 
perience with the • Rocky River Hydroelectric Development, by 
E. J. Amberg of the Connecticut Light and Power Co. The 
first paper discussed from an economic standpoint the use of 
artificial water power (pump storage) and gasoline engines as a 
peak-load installation. The second paper was a discription 
of the only large pumped storage reservoir in this country, 
with operating experiences. General discussion followed. 
Attendance was about 126. 


ANNUAL STUDENT PROGRAM OP PORTLAND SECTION 

The annual joint meeting of the Portland Section and the 
Oregon State College Branch was held at the College on May 26, 
1929,- with an attendance of 170. The following program was 
presented by students: 

The Neon Stroboscope, Axtro Swingle and V. E. Kerley. 

The Photoelectric Cell and Its Application to the Measurement of 
Illumination, R. W. Mize and Zed Atlee. 

Characteristics of Bakdite Dielectric at Radio Frequencies 
S. C. Bates and Fred M. Burelback. 

Static Electricity in the Printing Industry, R. F. Williams. 

ShorirTime Fusion Characteristics of Copper Conductors, S. O. 
Rice. • 




The names of the officers of the Section for 1929-30 were 
announced as follows: Chairman, H. H. Cake, Pacific States 
Electric Co.; Secretary-Treasurer, A. H. Kreul, Portland Electric 
Power Co.; Executive Committee, L. W. Going, Chief, City 
Inspection Bureau, R. J. Davidson, Pacific Power & Light Co. 


COMPETITION HELD BY SEATTLE SECTION 
At a meeting held on May 21,1929, the Seattle Section offered* 
a cash prize of $25.00 for the best paper presented by one of its 
members who had never presented a paper at a Section meeting. 

The program was as follows: 

Radio Interference from Suspension Insulators, E. L. White, 
Communication Engineer, Puget Sound Power and Light Co. 

Kilovolt-^Ampere-Hour Meiers, Prof. G. R. Shuck, University 
of Washington. 

Balanced and Directional Ground Relay Protection on ParaUd 
Lines, T. T. Smith, Puget Sound Power and Light Co. 

Operation of a Specific Interconnection, A. W. Mathis, Chief 
Load Dispatcher, I^get Sound Power and Light Co. 

The prize was awarded to Professor G. R. Shuck. AU the 
papers were considered of high quality. 

Reports of several Section committees were presented, and ^ 
the following officers were elected to take office August 1,1929: 
Chairman, Dr. L. N. Robinson; Secretary-Treasurer, Prof. 
George S. Smith. Th'^ attendance was 82. 

PAST SECTION MEETINGS 
Akron 

Joint meeting with Municipal University of Akron Branch. 

(Complete report on pp. 492-3 of June Journal.) April 25. 
Demonstration at the High-Voltage Laboratory of the Ohio Insulator 
Company, Barberton. Buffet luncheon was served by the 
Company and a brief talk was given by A. 0. Austin, Chief 
<^ngr. May 10. Attendance 420. 
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INSTITUTE .AND RELATED ACTIVITIES 


Journal A. I. E» E. 


Boston 

Dinner meeting. The foUomng officers were elected for next 
year: Chairman, W. H. Colburn; Vice-Chairman, J. P. 
Kobrock; Secretary-Treasur^, G. J. Crowdes; Members of 
Executive Committee: C. A. Comey, E. W. DiUard, R. W. 
Adams; Representative to The Affihated Technical Societies 
of Boston, J. W. Kidder. Entertainment with C. C. Pierce 

as toastmaster. Mag{ 16. Attendance 200. 

• 

Cincinnati 

Student program. (See report in Student Activities dept.) 
May 16. Attendance 36. 

Oeveland 

Talk by R. P. Schuchardt, President, A. I. E. E., on Winning the 
World, in which he urged engineers to cooperate with the 
city on great civic projects. Prof. H. B.” Dates, Counselor, 
Case School of Applied Science Branch, spoke on the co¬ 
operation of the Student Branches with the Sections. 
Committee reports. The following officers were elected for 
next year: (^airman, Prof. T. D. Owens; Secretary-Trea¬ 
surer, Wm. tf. LaMond; Chairman, Meetings and Papers 
Committee, F. W. Braund; Members of Executwre Com¬ 
mittee, P. D. Manbeck, H. L. Martien, and F. R. Winders. 
Dinner preceded the meeting. May 23. Attendance 101. 

* Columbus . 

Joint meeting with Ohio State University Branch. (Report on 
p. 492, June Joubnal.) May 3. Attendance 40. 

Dallas 

The Laying of a New Armored Telephone Toll Cable, by G. A. 
, Dyer, Plant Engr., Southwestern BeU Tel. Co. Motion 
pictures. 

Construction Methods Used in Erecting a Transmission Line 
Across Desert Courdry, by J. B. Thomas, Chief Engr., Texas 
Power & Lt. Co. Illustrated. A report on the Dallas 
Regional Meeting was given. Result of recent election of 
officers to take office August 1 reported as follows; Chair- 
inan, J. B. Thomas; Secretary, A. Chetham-Strode; 
Chairman, Meetings and P^ers Committee, D. H. Levy; 
Chairman, Entertainment Committee, 0. G. Matthews; 
Chairman, Membership Committee, F. A. Cooper. May 22. 
Attendance 54. 

Denver 

Ladies* Party. Program in charge of Mrs. W. H. Bullock. 
Dinner, musical entertainment, and card party. May 16. 
Attendance 60. 

Annual Meeting, held at University of Colorado. Address by F. 
^ W. Bradley, President, A. I. M. E. The Secretary presented 

the annual report. The following officers were elected for 
the year commencing August 1, 1929: Chairman, W. H. 
Bullock; Vice-Chairman, R. B. Boimey; Secretary-Treasurer, 
N. R. Love. May 23. Attendance 700. 

Fort Wayne 

Sixth Annual Banquet and Ladies’ Night. 

Astronomy, by Prof. Gingery, Principal, George Washington 
High School, Indianapolis. A report on the activities of 
the Section was mven by the Secretary-Treasurer. Piof. 
W. T. Ryan, Vice-5^sident, Great Lakes District, A. I. E. E 
gave a brief talk. The names of officers chosen in the 
recent election to take office Au^t 1 were announced as 
follows: Chairman, F. W. Merrill; Vice-Chairman, J. F. 
Eitman; Secretary-Treasurer, E. J. Schaefer; Assistant 
Secretary-Treasurer, F. W. Winje; Executive Committee, 
A. L. Hadley, M. J. Payton. May 16. Attendance 68.^ 

Houston 

Automatic Traffic Control, hy H. B, Cammack, Houston Electric 
Co. Officers of the Section elected for next year: Chairman, 
L. K. Del Homme; Secretarv-Tteasurer, C. D. Farman. 
Dinner meeting. May 22. Attendpince 32. 

Indianapolis-Lafayette 

Talking Movies, a Development of the Telephone, by P. L. Thomp¬ 
son, Western Elec. Co., with demonsteation of equipment 
and several reels of talking pictures. The Chairman re¬ 
ported results of election*^of omcers for coming year. Joint 
meeting with A. S.M.E. Section. May 28. Attendance 276. 

Kansas City 

IS^fiOO-VoU Cables, by W. S. Clark, Engineer-in-Charge, Cable 
Dept., General Elec. Co. Slides. Several memberili re¬ 


ported on the Dallas Regional Meeting'. Election of officers 
for next year as follows: Chairman, A. B. Covey; Secretary- 
Treasurer, J. S. Palmer. May 20. Attendance 63. 

Los Angeles 

Science and Research in Telephone Development, by S. P. Grace, 
Ass’t; Vice-President, Bell Telephone Laboratories, Inc. 
The Executive Committee entertained Mr. Grace at dinner. 
Chairman Caldwell announced the results of the recent 
election as follows: Chairman, N. B. Hinson, Secretary, 
H. W. Hitchcock; Assistant Secretary, P. S. Biegler; Execu¬ 
tive Committee, S'. E. Dellinger, C. B. Johnson, A. P. Hill 
and F. W. Maxstadt. May 14. Attendance 2260. 

Louisville 

The Engineeieand the Modem Community, l?y J. P. Barnes, Presi¬ 
dent, Louisville Railway Co. Committee reports. Elec¬ 
tion of officers for next year: Chairman, H. W. Wischmeyer; 
Secretary-Treasurer, P. P. Ash; Executive Committee, R. E. 
Tafel, T. B. Carter, S. T. Fife, and E. D. Wood. May 31. 
Attendance 24. 

Lynn 

The Experiences of a Newspaper Photographer, by A. H. Blacking- 
ton. Illustrated lecture. Ladies’ Night. May 7. At¬ 
tendance 360. 

Lecture by Dr. G. H. Bigelow, Massachusetts Commissioner of 
PubHc Health. Dr. Williams, U. S. Public Health Com¬ 
mission spoke on m6squitoes and methods of destroying 
them. The following officers were elected for next year: 
Chairman, I. F. Kfimard; Vice-Chairman, A. L. Ellis; 
Secretary-Treasurer, H. K. Nook; Assistant Secretary, 
W. K. Dickinson; Chairman, Membership Committee, 
L. E. Hildebrand; Chairman, Entertainment Committee, 
W. C. Harris; Chairman, Local Convention Committee, 
Dr. S. A, Moss; Chairman, Trip Committee, M. S. Wilson; 
Chairman, Publicity Committee, R. D. Amsden; Local 
Member, Executive Committee, H. A. Rising. Refresh¬ 
ments served. May 16. Attendance 60. 

Madison 

. Slides describi^ “Kinematographic Studies in .^erodsmamics.” 
Baron Shiba high-speed motion pictures, and film “The 
Flight of Birds.” The retiring Chairman, Prof. L. 4* Peter 
urged that a few of the programs next year be made up from 
local talent together with round table discussions of engi¬ 
neering problems. Several excellent suggestions'were given 
by the Section members for future meetings. Committee 
reports presented. May 22. Attendance 100. 

Mexico 

Lecture byJA. F. Martinez, Asst. Engr., Distribution Dept., 
Mexican Lt. & Hr. Co., on methods of calculation for the 
proper location of trolley wire in curves and suggestions for 
the procedure to be followed during installation. April 16. 
Attendance 16. 

Lecture by PT. M. Antipovitch, Asst. Engr., Elec’l Dept., Mexican 
Lt. & Pr. Co., on operating characteristics of radio appara¬ 
tus. May 14. Attendance 15. 

Milwaukee 

Some Example of the Use of Electricity for ideasuring Nonr- 
Electrical Quantities, by Arthur Simon, Cutler-Hammer Mfg. 
Co.; 

Electrical Measuring and Qontrol for Economical Production of 
Gas, by C. S. Hnkerton, and 

Automatic Mixing of Oases, by E. Schmidt. April 3. Atten¬ 
dance 70. f 

Minnesota 

Meeting held to stimulate interest in the World Engineering 
Congress to be held in Toldo, Japan, in November. Motion 
picture film on important enmeering projects in Japan^ with 
introductory talk by Max Toltz. A travelogue showing a 
trip through the Orient was presented by Victor Bloom, a 
world traveler with the American Express Company, with 
lantern slides. Joint meeting with Sections of A. S. C. B, 
A, S, M. E., MmaeapplM Bngmeera Club, St. Paul Engineers 

* Society and A. I. E.B. Branch. May 6. Attendance 60. 

Niagara Frontier 

Charles R. Huntley Station: Turbo-Generators, Auxiliaries, and 
Contois, by E. P. Harder, Engg. Dept., Buffalo Gemieral 
Electnc Co., and 
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Powdered Fuel Boilers^ by H. M, Cushing, Chief Engr., Buffalo 
3ral Electric Co. Dinner preceded the meeting. 


General 
April 19. 


Attendance 100. 


Oklahoma 


Joint meeting with Student Branches (See report in Student 
Activities dept.). May 24. Attendance 36. 

Philadelphia 

Electricity and Chemistry^ Teammates in Pr^ress^ by Dr. H. E. 
Howe, Editor, Industrial & Engg. Chemistry. Dinner 
preceded the meeting. May 13. A^endance 60. 

Pittshurdh 

Miracles of Science, by H. C. White, Edison Lamp Works, 
General Electric^ Co. Election of officers far next year. 
Annual dinner meeting. Ladies were invited. May 21, 
Attendance 700. 

Portland 

Science and Research in Tel^hone Development, by S. P. Grace, 
Asst. Vice-President, BeU TMephone Laboratories, Inc. 
May 28. Attendance 2400, 

St. Louis 

Meeting Long Distance Telephone Problems, by John Casey, 
Transmission Engr., Southwestern Bell Tel. Co. (Prepared 
by H. R. Fritz, Transmission and Protection Engr. of the 
same company). Attendance prizes awarded to J. N. 
Bmbree, J. B. Baltzer, Ned Crider, L. 0. Campbell, G. H, 
Quermann, C. P. Potter, and H. P. Strieder. May 16. 
Attendance 43. 

Saskatchewan 

Joint dinner meeting with Regina District Amateur Radio Club. 
Radio Communication in the North West Territory, by 
Capt. H. A. Young, R. C. C. S. March 8. Attendance 30. 
Joint dinner meeting with Regina District Amateur Radio Club. 
The Nature of Electrical Conduction through Metals, by Dr. 
Thomas Alty, Professor of Physics, Saskatchewan Uni¬ 
versity. April 12. Attendance 36. 

^ Seattle 

Science and Research in Telephone Development, by S. P. Grace, 
Afist Vice-President, Bell Tel. Laboratories, Inc. June 4. 
Attendance 2040. 

Sharon 

The Latest Developments in Electrical Engineering, by W. D. 

Shirk, Westinghouse Electric & Mfg. Co.; 

The Aston Process for Making Wrought Iron, by Dr. Jas. Aston, 
and 

The Latest Development^ in Central SMidns, by C. S. McCalla. 
Joint dinner meeting, Youngstown, with Youngstown 
Branch, Iron & Steel Electrical Engrs. May 11. At¬ 
tendance 160. 

Cfiinmunism, by Capt. J. R. O’Brien, under the afispices of the 
Constitutional \ Educational League of America. Prof. 


J. L. Beaver, Vice-President, District No. 2, gave a brief 
talk, in addition to a short talk by J. S. Hebrew, Westing- 
house Elec. & Mfg. Co. Annual Banquet, H. L. Cole, 
toastmaster. June 4. Attendance 197. 

Sprin^eld 

Illuminating Enmneering with Special Reference to Spectacular 
Effects, by W. D. Ryan, Director of the Illuminating Laborar 
tory. General Electric Co. Slides. Annual Ladies’ Night. 
April 22. Attendance 260. 

Discussion of proposed changes in Institute publications as out¬ 
lined in circular letter of W. S. Gorsuch, Chairman, Publica¬ 
tion Committee. May 20. Attendance 26. 

Toronto 

The Value of a Museum to Industry and the Home, by Dr. B. T. 
CurreU^ Curator, Royal Ontario Museum. Chairman 
E. M. Wood, reported upon the past year’s activities. Re¬ 
ports were given by the Secretapr and by the Chairman of the 
Meetings and Papers Committee of the Section. A. B. 
Cooper, Vice-President, District No. 10, presented the 
Regional Prize for Initial Paper to H. R. Sdls, Canadian 
General Electric Co. Chairman Wood presented the 
Toronto Section prize of $20.00 to R. E. Jones for the best 
paper given before the Toronto Section. Following officers 
elected for next year: Chairman, F. F. Ambuhl; Secretary, 
W. F. Sutherland; Executive Committee, A. D. Bradt, ?. 
Chipperfield, T. W. Eadie, G. D. Floyd, D. A. MacKenzie 
and Jos. Showalter. May 10. Attendance 62. 

Urbana 

Election of officers for next year: Chairman, M 
Secretary, C. E. Skroder. May 21. 


A. Faucett; 
Attendance 20. 


Dance, May 24. 


Utah 

Attendance 100. 


Vancotiver 

Reports of officers and committees. The Regional First Prize 
for District No. 10 for 1928 was presented to H. M. Lloyd 
for his paper entitled “Railway Motors.” Following officers 
elected for next year: Chairman, J. Teasdale, British 
Columbia Electric Railway Co.; Executive Committee, 
C. W. Colvin, (i. R. Wright, and H. Vickers. General 
discussion of ways and means of increasing Section’s at¬ 
tractiveness and value to members. June 4. Attendance 31. 

Washington 

Mercury Arc Rectifiers, by F, A. Faron, Railway Dept., 

Electric Co. Dinner in honor of the ^eaker preceded the 
meeting. Election of officers to take office August 1. light 
refreshments. May 14. Attendance 120. 

Worcester 

Inspection of the electrically operated biUet miU and contin^us 
rod mill at the South Works of the American Steel & Wire 
Co. Election of officers for the year 1929-30. Business 
meeting was followed by motion pictures of the manufacture 
of paper insulated power cable. June?5. Attendance 32. 


A. I. E. E. Student Activities 


STUDENT PROGRAM IN CINCINNATI 

At a joint meeting of the Cincinnati Section and the Uni¬ 
versity of Cincinnati Branch held at the Univqjsity on May 16, 
1929, the principal parts of the program were supplied by grad¬ 
uate students aJ indicated below: 

J. E. Middleton, atomic hydrogen welding; C. D. Clark, 
subscriber telephone circuits; Wm. Kutcher, electrolytic con¬ 
densers; R. P. Glover, radio broadcast receivers; J. J. 
O’Callaghan, commercial frequency meters for radio work; 
0. D. Coy, electromagnetic sound systems; R. E. Colado, d-c. 
street railway feeder protection; W. P. Fegley, bi-metalhc 
thermostats. ■ % ^ 

The attendance was 36. 

meeting of OKLAHOMA SECTION AND 
neighboring BRANCHES 

The Oklahoma Section and the University of Oklahoma and 


Oklahoma A. cSs M. College Branches held their annual joint 
meeting at StiUwater on May 24,1929. The following program 
was presented by students and professors: 

A Survey of Oil Field Electrification in Oklahoma, Prof. R. E. 
Willey, Oklahoma A. & M. College. 

The Condenser Type Single-Phase Motor, Prof. B. A. Fisher, 
Oklahoma A. & M. College. 

Design of DirecirOurrent Calculating Table, Richard Mason 
and Byron J. Cook, University of Oklahoma. 

The Relation between the Gain in Egg Production by Artificial 
Methods and Per cent Sunshine, G. T. Isbell, Oklahoma A. & M. 
College. 

Thermal Characteristics of Underground Cable Ducts, Ralph W. 
Coursey, University of Oklahoma. 

Thermal Characteristics of Underground Trantformer Vaults, 
Rojf L, Jones, University of Oklahoma. 
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Interference Elimination by Use of Vacuum Tube Bridge^ 
J. E. Peek, Oklahoma A. & M. College. 

Radio Flying Aids with Spedal^Reference to the Absolute Alti¬ 
meter ^ E. P. Shultz and Wm. A. Woods, University of Oklahoma. 

Some Examples in the Determination of Empirical Equations^ 
Kenton D. McMahan, Oklahoma A. & M. College. 

Piezo electric Crystal-CdUtrolled Oscillators, LeRoyMofett, Jr., 
University of Oklahoma. 

A first prize of $15.00 and a second prize of $10.00 were 
awarded to K. D. McMahan and Roy L. Jones, respectively. 

After the completion of the program, a limcheon was held in 
the College cafeteria, and in the afternoon the faculty members 
escorted the visitors through the buildings. The attendance 
was 35. 

STUDENT BRANCH ORGANIZED AT NORTH DAKOTA 

At the meeting of the Board of Directors held on May 22,1929, 
authority was grafted for the formation of a Student Branch of 
the Institute at the North Dakota Agricultural Colley. This 
Branch has been organized and the following officers were elected: 
Chairman, J, C. Langaunet; Vice-Chairman, Lewis Nelson; 
Sderetary-Treasurer, R. W. Scott. 

BRANCH MEETINGS 
University of Arizona 

Motion picture, ‘‘Electrical Measuring Instruments.” April 10 
Attendance 16. 

Storage Batteries, by Cafl Qieringer, student; 

Lightning Phenomena, by Prank Henderson, student, and 

a^ DraMng fw Electrical Worh wUh the Southern 
Attendance 18 ’ Shehane, student. April 17. 

Television, by 0. K. Mangum, student, and 

^^‘^tendmTe 20*’ Denny, student. April 24. At- 

Reinote CoMrol of Torpedoes, by George Walton, student, and 

by Soy G.„, auto.. 
Tidal Power, by C. A. Maoris, student, and 

^ Soliday, student. Following 

Niagara Falls, by Wm. Tremaine, student, and 


Colorado Agricultural Colleile 

Business Meetw. Following officers elected for next year: 
Chairman, (5. E. Branch; Vice-Chairman, J. P. Clrilliii. 
May 13. Attendance 10, 

Annual spring inspection trip with A. S. M, E. Branch to 
Colorado Springs, Pueblo, and Denver. May 24. .At¬ 
tendance 36. 

University of Denver 

“Open House” Electrical Show, The Accuracy of Wnilhour 
Meiers at Variovtn Power Factors, by Joseph Colion and 
• J. N. Petrie; Variation of the Pole Strength of a Permanent 
Magnet As Dependent upon Its Weight, by F. A. St. John; 
Visible Distribution of a Radio Wave along a Wire, by Dale 
Coopy, and a Demonstration of the Grid Glow Tube, by 
J.L. Wright. Mr. Cato illustrated the detail of anolluT 
practical “perpetual motion” machine. After the program 
the Physics Laboratories were inspected and refrcjslunents 
were were served. May 2. Attendance 82. 

Univer^^ of Detroit 

Practical Views on Arc Welding, by A. Robinson, Detroit Sales 
Mgr., The Lmcoln Electric Co. Motion pictures—“Prom 
^toe to Consumer” and “Sheet Copper.” May 28. 
Attendance 60. 

Georgia School of Technology 

Lightning and Its Relation to Transmission Lines, by C‘, E. 

Bennett, Georgia Power Co. May 15. Attendance 49. 
Busings Meeti^. Following officers elected for next year: 
Chairman, L. B. Mann; Vice-Chairman, H. G, Vickery. 
May 21. Attendance 21. 

Kansas State Agricultural Colle|(e 

A Graphical Solution of Networks, by E. G. Dowiiio, Mav 2. 
Attendance 137. 

University of Kansas 

ab^t ten seniors on the work they are to do afUu* 
graduation. Refreshments served. May 23. Attendance 51. 
Annual picnic of the electrical seniors. May 29. A tt-endanco 25. 

University of Kentucky ^ 

Business Meeting. Election of Officers. May 15. Attemjance 51. 

University of Ldtiisville 

Patents in Radio, by Mr. Kraprak. May 27. Attonclanco 24. 

Marquette University 

elected: President, II. W. 
Petit: Soorotary, G. C. 
Maurer- April' 18. At- 


- -— owu.vaC7JLJ.U, iVUU. wwjj.\*€WJJ.VH 3 jOi * * 

Turbine Electric .o /^ TT -n IT _ Tkfl.TlA'rc A to prepare and present more 


JVto. Beam PnpuUtm «/ SWr., by 0. K. Manjun. sBufcit, 

Mw 28 . 

University of Arkansas 

T„ . . Institute of Technology . 

n, • ,, C^ornla Institute of Technology 

*Atte^^. «« “ffi®®*® for next year. May 16. 

Qemson Agricultural Ck>llei{e 

dance 20. ^ •’* April 11. AtJ^n- 


pap™]kryT AttS 

. Michigan State Ck>lletic 

SS illustrated lecture. 

Cl./, ®* Enilneerini of MUwaukee 

University of Minnesota " 

effects of supprefsini the 

reproduction of muwe s.r\d frequencies in the 

mi the effects S te)uWeiI^rf«T»w traaismission linos 
^ Attendance,, 165. ''OUDie in telephone circuits. May 1. 

Tv>r i.- ^*®sowi School of Mines A MetallurJ^ 
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Montana State College 

Election of officers: President, E. B. Wilson; Vice-President, 
E. G. Rudberg; Secretary, Otto Van Horn; Treasurer, 
Robert Jones. May 23. Attendance 71. 

University of Nebraska % 

Regulation^ by E. 0. Curtis, Chairman, State Railway Com¬ 
mission. Joint meeting with A. S. M. B. Branch. Other 
engineering student societies invited. May 14. Atten¬ 
dance 40. 

The Superheterodynef Theory and Operaiion^hy G. W. Cowley, 
student. Talks were given by the followng graduating 
seniors: Philip Pink, E. B. Hiltner, M. B. Scoville, Lester 
Shoemaker, and Malcolm Shoemaker. Mr. Bickley, North¬ 
western Bell Telephone Co., gave a short talk. Motion 
picture, “BTA. mtemating-Current Motor.^ Refresh¬ 
ments served. May 22. Attendance 29. 

University of New Hampshire 

Insulation, by H. Smith, student and 

Luminous Steam, by P. Morton, stifftmt. May 4. Attendance 
26. 

Permissible Storage Battery Mine Locomotives, by J. Theall, 
student, and 

Shaft and Rotor Assembly, by J. Terry, student. May 25. At¬ 
tendance 27. 

Motion picture on the story of copper, from mine to user. 
June 1. Attendance 28. 

North Carolina State College 

Business Meeting. Conmiittee Chairmen were appointed for 
next year. May 21. Attendance 15. 

University of North Carolina 

Election of officers for next year. May 16. Attendance 27. 

University of North Dakota 

Airport Lighting, by Arthur Miller, student. May 22. At¬ 
tendance 14. 

Northeastern University 

Talk by Prof. H. Timbie, Massachusetts Institute of Tech¬ 
nology. Election of officers. May 28. Attendance 63. 

Ohio Northern University 

The Relation^ of Law and Bnginereing, by Dr. Small, Secretary 
of University. May 16. Attendance 24. 

Ohio State University 

Program was presented by the graduating students who 
ported upon their thesis work: Altitude Measurements by 
Reflected Electromagnetic Waves, by*R. C. New^u^; 
Secrecy System for Carrier Current Telephony, by R. 
Robinson; Effect of Conductor Insulation upon the Critic 
Formation of Corona, by Robert Spry; Airport Illumination, 
by G.W. Trout; Effect of the Mixture of Light Wanes upon the 
" Speed of Vision,.hy D. A, Warstler, and Efficiency of High- 
Frequency Generators and. Transmission Lines, by J. D. 
Ryder. May 23. Attendance 40. 


Rutders University 

Difficulties Students May Encounter with Motors, by Mr. Evans, 
Century Electric Co. April 30. Attendance 19. 

A Trip to the General Electric Company's Plant, by W. Dalton, *29, 
and 

The Organization of the Westinghouse Electric Plant, by Mr. 

Walton, *29. business session. ISIay 7. Attendance 20. 
Air Blast Transformers, by A. S. Beamsr*30, and 
Long Distance Telephone Lines, by R. K. Shepard, *30. May 14. 
Attendance 18. 

Election of officers. May 16. Attendance 21. 

University of South Dakota 

The Spectrohelioscope, Spectroheliograph and Spectroscope, by 
Bvire Lovejoy, student. May 21. Attendance 10. 

Various Theories Formulated in the Last One Hundred Years 
Concerning the Structure of Matter, by Philip Miller, student. 
May 28. Attendance 12. 

Stanford University 

Smoker. Talks byDr. C. D. Marx, Professor ^Smeritus of Civil 
Engg.? T. J. Hoover, Dean of the School of Engg. and Dr. 
Harris J. Ryan, Professor of Elec. Engg. The following 
officers were elected for next year: Chairman, D. A. Murray; 
Vice-Chairman, G.-S. Kimball; Secretary-Treasurer, H. B^ 
Hill; Member of Executive Committee, J. S. Low. Re¬ 
freshments served. May 9. Attendance 47. 

Operation of the Dial Telephone, by Mr. Becker, Palo Alto Office, 
The Pacific Tel. & Tel. Co. D. A. Murray, Chairman- 
elect, gave a brief talk and read President Sohuehardt*s 
message in the May issue of the Journal. May 23. 
Attendance 20, 

Inspection trip to Radio Station KPO, San Francisco. May 25. 
Attendance 10. 

University of Tennessee 

Election of officers for next year. May 15. Attendance 26. 

University of Texas ^ 

The Future of an Engineer, by Prof. J. A. Correll, Counselor. 
Plans for next year were discussed and Prof. Correll offered 
several suggestions. Election of officers. May 16. Atten¬ 
dance 10. 

University of Utah 

Election of officers. May 7. Attendance 12. 

University of Vermont 

Business meeting. Officers for next year were elected as follows, 
and take office immediately: Chairman, P. E. Beckley; 
Vice-Chairman, R. P. Bigwood; Secretary-Treasurer, A. B. 
Merrill. May 8. Attendance 14. 

Virginia Military Institute 

Election of officers for next month. June 7. Attendance 32. 

Virginia Polytechnic Institute 
Labon Backer was elected Chairman to take office in September. 
May 22. Attendance 20. 


^ Oklahoma A. M College 

A brief report on the Regional Meeting at Dallas by E. L. 
Weathers, Chairman. Election of officers for next year, 
follows: Chairman, Hugh V. Anderson; Vic^Chairman, 
Wilbur E. Slemmer; Secretary-Treasurer, Early F. Neal. 
May 16. Attendance 18. 


University of Oklahoma • 

A banquet was given by the Juniors in honor of the Graduating 
Electrical en^neering students. Talks were given by the 
seniors. April 10. Attendance 44. 

Smoker and general discussion pertaining to activities for next 
year. Election of officers for next year. May 20. At¬ 
tendance 18. 


Oregon State College 

Joint meeting with Portland Section. (See report in Section 
Activities dept.). May 25. ^ 

S 

Purdue University 

Engineering and Patent Law, by A. M. Horn, Pa^tent Attorney. 
Joint meeting with A. S. M. E. Branch. May 1. At¬ 
tendance 45. 


University of Virginia 

Prof. W. S. Rodman, Counselor, gave a brief talk concerning 
Branch work for next year. Election of officers for next 
year. May 20. Attendance 16. 

Washington State Gollede 

Conftnittee reports. April 17. Attendance 27. 

Committee reports. May 8. Attendance 18. 

Amendments to Branch By-laws adopted. Election of officers 
for next year. May 29. Attendance 27. 

Washington University ^ 

Radio Broadcasting, b> Thomas P. Convey, Station KWH, 
St. Louis. Smoker for students of the Branch, faculty 
members, and alumni. Engineers’ Club of St. Louis, May 
2. Attendance 80, 

Officers elected for next year. May 16. Attendance 30. 

University of WSshindton 

The U. S» Army Ordinance, by Capt. L. P. Crim, U. S. Army 
Ordinance Dept. Slides. Election of officers for next 
year. Karl E. Hammer, Chairman for next year, gave a 
brief talk and presided. May 10. Attendance 14. • 
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Business meeting. Voted to appropriate $25.00 for a research 
prize plaque. May 17. Attendance 20. 

The Salmon Caiining Industry in Alaslza, by H. C. Hurlbut, 
student, .^May 24. Attenflanee 7. 

University of Wisconsin 

Recent Research Developments of the Westinghouse Electric & Mfg. 
Company^ by C. £»^Skinner, Asst. Director of Engineering 
of that company. Joint meeting with Madison Section. 
April 16.5^ Attendance 12. 


Worcester Polytechnic Institute 
Television^ by L. F. Cleveland, *29. R. W. Puddingtou gavo a 
report on the Student Convention at Troy. RofresJuiK'nts. 
May 21. Attendance 26. 

^ Yale University 

Science and Research in Telephone Development^ by S. P. Grace, 
Asst. Vice-President, Bell Telephone Laboratorioa, Ino. 
Joint meeting with Connecticut Section. April 28, At¬ 
tendance 2500. 


Engineering Societies Library 


Library u a cooperative Mtivity of the American Institute of Electrical Engineers the American SocielJi of 
CivU Engineers, the American Institute of Mining and Metallurgical Engineers and the American Societv of Mechan¬ 
ical Engineers, Itis administere^m these Founder Societies by the United EngineeHng sS eSa^ll rXm ee 

understand clearly whatis deHred ' ^ ^ possible, so that the investigator viay 

July and Au^stwhlnfie^ws^arTh o. m. to T'p°mf^ except holidays throughout the year except during 


BOOK NOTICaeS, MAY 31, 1939 

IjnleM otherwise specified, books in this Hst have been pre- 
sented by the publishers. The Society does not assume respon- 
sib^ty for any statement made; these are taken from the preface 
or tihe text of the book. 

Libra^°°*'* ^ consulted in the Ei^eering Societies 

DMA^ARMETBCHNiK.bd. 3 ;SondergebietederAbwaimeteclmik. 

By Hans Baleke. Mfln. u. Her., R. Oldenbonrg. 1928. 242 
PPmiHus., diagrs., 9x6in.,eloth. 13,50r.m. 

ments and methods.™ modem measnrmg instni- 

exposition of waste- 


Beitbao sub Kuabuxo deb Pbage, wm die Asche Nach 
Menge cnd Abt im Kohlbnstatjb Enthalten 1st tod 

By H. Schw’artzkopff. (Piinfzehnte Berichtfoke des TCnhlAn 
2,^m 12x9 in., paper. 

th7«h*S2^e^ffit“/ Wcability of remoW 
mmedg as well as its character <ieter- 

and pneumatic meth^^f electromagnetic, 

oonctosion was reaoh^dthSt d^Tithn,i7S® ®*™?“ed. The 


Conduction op Electricity Through Gases. 

By K G. Emekus. Lond., Methuen & Co., 1929. i)4 pp.. 
diagrs., tables, 7x4 in., cloth. 2/6. 

monograph is designed to givo an up-to-dal.o out- 
P^J^omena that can be studied quantitatively 
in connection with the passage of electrioitv tliroiiffh uases at 

SXffTilBW■? «S?e bJS SlilSKlu! 
pni^eTftubjtitoK “■ “ *“> 

Die Daubbpebtigkeit dee Wispebtopeh und dkb Kon- 
STHTOTIONSELBMENTB. 

• 11 ^^ Julius Springer, 1929. 131 i)i> 

illim., diagrs., tables, 10x7 in., paper, k.-i.m. 

Ml Mil 

tScr?“od: 

Cloology,and their representation and 

Sr s •“ 

doth. 34.00. maps, 10x7 in., 

dem^d ^ created a 

s^ey ^d section drawing. IVfr methods of 

that he in the wav of^er^+i?L % aad what are the pitfalls 
m^hods by an account of their illustrates his 

and the Sinai peninsula, PPhcation m Burmah, Persia, 

Economics op Coal Minings. 

By :^bert W. Dron. Lond., Edward Arnold- rw v t 
mans, Green <& Co 1 192^ iftft rx-n Long- 

doth. 34.20. ^ 9x6 in . 

»^rfch^ts=s&?r§“ whicb 

discus^ include ^^fTeMes^hi The 

muwraJs and colheries, the devel<Sment of valuation of 

ObUtbl »p«ndita«. 
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and coal cleaning. The author is vice-president of the Insti¬ 
tution of Mining Enginoors. 

Elkctuic WiiuNu, Tiiwony, and Piiactice, 

By W. S- Ibbehson. 3rd edition. Lond., E. & F. N. Spon; 
N. Y., Spoil & Chamberlain, 1029. 424 pp., illus., diagrs., 
8 5 in., clotli. 7 s (id. ^ 

A clear description of t he subject, giving much practical detail 
and coviTing all the mal.ter nocided in ordinary work. A good 
guide to current British practise. 

ENGINMlOHINtJ FOU M.\SONUY DaMS, 

By William P. Creager. 2 d edition, N, Y., John WUey & 
Sons, 1929. 294 pp., illus., diagrs., tables, 9x6 in., cloth. 

$4.00. 

Th(i to])ic.s here discussed include the investigatjon of sites, 
tlie choice of typo of (him, tlio forces acting on dams, the design 
of various types, the preparation of foundations, flood flows, 
dcdails and acc.ossorios, and head-wat.or control. The methods 
of design descriliod and t.he assumptions recommended conform 
to conserval ive prescmt practise. 

IllK OlUrNDIIAUTKCHNIK UND JuilIiJ at^^SCHINKLLBN HiLFSMTTGEL. 

By G. Hotzoll and O. Wundram. Berlin, Julius Springer, 
1929. 399 pp., illus., diagrs., 10x7 in., bound. 35.-r. m. 

A comprehensive survey of modern practise in foundation 
(Migiiieering and of nuichinory for building foundations. The 
engineering principles involved—^kinds of soil, materials, earth 
pressurt'S and bearing capacities—are ijresGnted, and the various 
methods of constructing foundations are described. About one- 
Jialf of the book is devoted to contractors’ machinery—cranes, 
conveyors, pumps, concret.e mixers, pile-drivers, etc. 
(fUUNDLAOBN UND GkuXtM TeCHNIBCHBR LXngKNMESSUNGBN. 

By G, Berndt. 2d edition. Berlin, Julius Springer, 1929. 
374 pp., illus., diagrs., tables, 10 x 7 in., bound. 43,50 r. m. 

This treatise, by the head of the Institute for Measurement 
and t,he Principles of Interchangeable Manufacturing at Dresden, 
surveys tho scientitic principles of measurement and the instru- 
nu'uts for praetjeal use. The evolution of the usual standards 
is d<jscribcd, and the methods by which shop and control stand¬ 
ards of length are made and calibrated are discussed. Considera- 
t iuu is also given to t.h(j various types of gages and other measur¬ 
ing instrumenit? that are used in industry^ to their applications 
and oxaednoKS. l^hysiological errors in measurement ^d the 
ndnromstj of tho motor to the wave-length of light ore discussed 
ill appendixes. The book contains a great amount of information 
on an. important subject. 

IIxsTOUY OF Mechanical Inventions. 

By Abbott Paystm Usher. N. Y., McGraw-Hill Book Co., 
1929. 401 pp., illus,, 9x0 in., cloth. S5.00. 

This book is a systematic account of the development of the 
major mechanical inventions from their beginnings to the present 
1 ;inuL Professor Uslior’s interest in the subject arises through 
its character as a basic element in economic history; as a result, 
lie treats the subject in a broad way, with a minimum of tech¬ 
nological detail, and with emphasis on matters of importance to 
society in general, , , ^ , 

Introductory chapters ducuss the place of technology in 
economic history and the process of mechanical myontion. The 
early Mstory of inc^clianical science and the mechanical eq.uipment 
of anticiuiJliy are then describc^d. Succeeding chapters brace the 
history or wateirwhoels and windmills, clocks and watches, 
printing, the textile industries, machine tools, ancl power pro¬ 
duction. A chapter is devoted to Leonard da Vmci. Excellent 
illustrations and a good bibliography are included. 


Industrial Traffic Management. 

By Leslie AuUs Bryan. Chic.. A. W. Shaw Co., 1929. 392 
I)pM graphs, forms, 9x6 in., cloth. $4.00. ^ 

Aims to present the established economic principles of the 
subject in a form suited for a college text and for use ^ V? n 
once work in practise. Discusses general t^noiples, the details 
of organissing and administering industrial tramo, and the legal 
considerations involved. 


Inobqanic Chemistry fob Colleges. 

By William Foster. N. Y., D. Van Nostrand Co., 1929. 
838 pp., illus., port., diagrs., tables, 9x6 in., clotli. $3.90. 

Professor Foster’s aim is to provide a tptbp^ for <^Uege 
students who have studied the subject m the high school, a^ 
are thus prepared for a more advanced treatment of chemist]^ 
thL begiSg students. The book covers the u^al grouncl. 
presenting the fundamental laws and theories, the properties 
of the elements and their compounds, but the presentation is 


broader and more mature, as well as more thorough, than the 
usual college text. 

International Critical Tables of Numerical Data, Physios, 
Chemistry, and Technolo^. 

V. 4 & 6 . N. Y., McGraw-Hill Book Co., 1928-1929. 2 v., 

11X 9 in., cloth. $12.00 each. 

Two additional volumes of this great work will be welcomed 
by all seientifle workers. Volume ^ contains phase-equilib¬ 
rium data, osmotic pressures, and data upon surface tension, 
surface energy, and other properties of surfaces. Volume five 
has the numerical data of viscosity, specific heat, thermal con¬ 
ductivity, radiometry, photometry, and photography, and the 
properties of soaps and soap solutions. The data are based 
upon a critical study of all recorded observations and are indis¬ 
pensable to the investigator. 

Jahrbuch dbr Deutschen Gbsellschaft FtlR Bauinqenibur- 
WBSBN, 1928. 

Berlin, V. D. 1. Verlag, 1929. 227 pp., illus., port., diagrs., 
tables, 8 x 6 in., paper. lO.-r. m. 

The yearbook for 1928, like its predecessors, combines with the 
proceedings of the society considerable matter of use to civil 
engineers^which is not easily found elsewhere. Papers are in¬ 
cluded on modem processes for purifying sewage, on the Eick- 
hoff Brothers’ machine works, and on signals for railways, 
waterways,- highways, and airways. Lists are given of th 0 
German laboratories for testing materials of important engineer¬ 
ing projects completed in Germany during 1927 and 1928, of 
new German engineering standards and of dissertations presented 
to German universities for the degree of Doctor of Engineering 
during 1926 to 1928. There is also a report on the tests of wind 
pressures on framed structures carried out at the Goettingen 
Aerodynamic Institute. 

Journal, v. 2., pt. 1, January 1929, of the Royal Technical 
College, Glasgow. 155 pp., 10 x 7 in., paper. 10 s 6 d. 

Among the papers of special interest to engineers are: tensile 
tests on rods and wires of the same iron, the magnetrostriction 
of various steels, the effect of annealing upon the solidus tempera¬ 
ture of alloys, tempering changes in steels, the. fuel-injection 
process in the air-injection oil-engine, the design of high-voitage 
condenser type insulator bushings, and the regional development 
planning of colonies. 

Law for Engineers and Architects. 

By Laurence P. Simpson and Essel R. Dillavou. St. Paul, 
West Publishing Co., 1929. 633 pp., 9x6 in., cloth. $4.50. 

This textbook has been specially written to give the student 
of engineering or architecture a knowledge of the fundamental 
principles of law, illustrated by cases in which they are applied 
to those professions. The work is designed for the courses 
given at the University of Illinois. 

The subjects treated include contracts, agency, workmen s 
compensation, mechanics* liens, property, regulation of public 
utilities, negotiable instruments, and sales. An appendix gives 
standard forms for building contracts, invitations to biddew, 
agreements between arcldteot and owner, etc. The^ book "^l 
give the reader a knowledge of fundamental legal principles which 
will enable him to avoid many pitfaUs and protect his interests. 

Memoirs and Addresses of Two Decades. 

By Dr. J. A. L. Waddell. Edited by Frank W. Skinner. 
Easton, Pa.. Mack Printing Co., 1928. 1174 pp., illus., port,, 
tables, 9 X 6 in., cloth. $ 6 . 00 . 

This volume supplements the collection of Dr. Waddell’s 
professional wntings prepared about 26 years ago by Mr. John 
Lyle Harrington, it contains seventy-five papers, together with 
a biographical sketch and brief summaries of the papers in the 
earlier volumes. . . - .j j x 

The papers now presented consist of addresses and contribu¬ 
tions to periodicals during the last 22 years. ^ These ^e grouped 
under 11 headings—-the engineering profession, ethics of engi¬ 
neering, engineering literature, alloy bricte©. steels, economics, 
bridge construction, contracts, raihroods, Chinese matters, and 
miscellaneous topics. 'The volume shows in a most interesting 
way the broad field of activity that Dr. WaddeU has covered in 
his busy career, while his excellent style affords a useful model 
for every young engineer who wishes to write. 

Mining Subsidence. 

By Heniy Briggs, Lond., Ed^axd Arnold & Co., N. Y., 
Liongmans, Green & Co., 1929. 215 pp.» illus., tables, 9x6 in., 
cloth. $6-60. 

Professor Briggs gives a thorough discussion of this very 
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important subject. The theories of subsidence are reviewed 
critically, the records of subsidences in Great Britain, America, 
and India are discussed, and the effects of bending and shearing 
of strata are investigated. 

Nouvelles Etudes Sur La CH<.fLEUR. 

By Ch. Roszak and M. Veron. Paris, Dunod, 1929. 765 
pp., 10 X 6 in., paper. 208 fr. 

Tliis book, the work two well-known French specialists in 
heat and refrigeration? is devoted to some, questions that have 
heretofore been studied only superficially, as well as to certain 
new problems. 

The opening chapter explains why the development of heating 
apparatus is still embryonic. The authors then set forth the 
relations between the production of heat and cold and the con¬ 
ditions of life on the earth. From this they proceed to a study 
of the different ways by which heat is propagated, by mixing, 
conduction, convection and radiation. The results obtained 
in this theoretical study are then applied critically to modern 
steam generators, and directions in which improvement still 
seems possible are pointed out. 

The remaining chapters discuss problems not connected with 
heat transmissioiiy but of interest to the same engineers. They 
include a comparison of American and French rules for boiler 
construction, a discussion of district heating, and an account 
of Berthelot’s method of hydrogenation, the basis of many 
recent processes for the synthesis of petroleum. 

15ie Organisation der Warmeuberwachunq in Technischen 
Betrieben. 

By Hans Balcke. Miin. u. Ber., R. Oldenbourg, 1929. 312 
pp., illus., diagrs., tables, 9x6 in., cloth. 17,50 r. m. 

The chief purpose of this book is to guide the power-plant 
operator in the selection of instruments, methods, and rules that 
will give him proper supervision and regulation of power-plant 
machinery. Methods of increasing efficiency of boilers, furnaces, 
gas producers and steam engines are given. Special attention is 
given to automatic regulation. 

Petroleum and Coal; the Keys to the Future. 

By W. T. Thom, Jr. Princeton, Princeton Univ. Press, 1929. 
223upp., illus., maps, tables, 9x6 in., cloth. $2.50. 

A clear, authoritative account of the principal industrial 
fuels, told briefly and in terms intelligible to the general reader. 
In an introductory chapter ancient and modern civilizations are 
compared, and the influence of these fuels upon national policies 
is discussed. The origin and occurrence of coal and oil, the 
coal and oil fields of the world, and the methods of discovering 
and working them are then described. The closing chapter 
discusses the size and adequacy of the remaining reserves and 
their bearing upon the future of chdlization. The book will 
give those interested in public affairs a good picture of the situa¬ 
tion, divested of details. 

PoL.\R Molecules. 

By P. Debye. N. Y., Chemical Catalog Co., 1929. 172 pp., 

9 X 6 in., cloth. $3.50. 

The dielectric and optical properties of molecules when sub¬ 
jected to an external electrical field are the subject of this mono- 
^aph. Dr. Debye has brought together the widely scattered 
literature, and offers a comprehensive review of our experimental 
and theoretical knowledge. 

Power Resources of the World; potential and developed. 

. By International Executive Council. World Power Confer¬ 
ence, London. Lond., World Power Conference, 1929 170 

pp., tables, 10 X 6 in., cloth. $4.25. 

This important monograph has two purposes. It first aims 
to coordmate the available information on tbA Anal 


to coordmate the available information on the coal resources 
water wwer, and oil of the world, and on electric power produc¬ 
tion. Its second purpose is to indicate inequalities and omissions 
systems for assessing power resources, and thus 
to further the adoption of uniform methods that will enable 
an accurate appraisal to be made. 

The book Brings together the best available estimate of our 
present and potential power resources. It also contains a 

Professor Coker’s PhotoElastic Apparatus 
Loud., Adam Hflger, Ltd., 1929. 28 pp., iUm, 10x6 in 
paper. Price not quoted. ^ 

^ This pamphlet describes a method for mveqtia’o+iTirt. 

mathematical solutfo^^vl^We 
by observations, under polarized light, on models i^e ’ 

parent materials, such as eeUnlofd ir gCs Ths 
appUcable to a great variety of eKeff problems “ 


The apparatus invented by Professor Coker is described in 
detail and the method of use explained. 

Pyrolysis op Carbon Compounds. 

By Charles D. Hurd. N. Y., Chemical Catalog Company, 
1929. (Amer. Chemical Society. Monograph series). 807 
pp., tabl^, 9x6 in., cloth. $12.50. 

Professor Hurd has attempted to survey completely and organ¬ 
ize rationally the voluminous, scattered literature upon the 
transformations produced in organic compounds tlirough tho 
agency of heat alone. His large monograph will be of great 
value to all workers m this important field, who will find liore a 
thorough review of wmt is known with references to tJie original 
publications. 

Seven Place Natural Trigonometrical Functions. 

By Howard Chapin Ives. N. Y., John .Wiley & Sons, 1929. 
222 pp., tables, 7 x 4 in., fabrikoid. $2.S0. 

A compact set of tables which includes those most frequently 
wanted by smrveyors and railroad engineers. Tho growing use 
of calculating machines for computations makes these tables of 
natural functions most welc^e. 

Siemens Jahrbuch, 1929.*^ 

By Siemens & Halske, & Siemens-Schuokertwerke. Berlin, 
V. D. I. Verlag, 1929. 644 pp., iUus., port., diagrs., tables, 
8x6 in., cloth. 12.-r. m. 

The new issue of this handsome annual follows tlie plan of 
previous years, of presenting in nontechnical language acjcoimts 
of important scientific amd technical advances recently madt^ 
by the Siemens concerns. Contributions on telegraphy, eleclro- 
chemistry, steam turbines, heavy-duty switchgear and many 
other branches of electrical engineering are included. Of his¬ 
toric interest are several letters written fifty years ago by Worncu* 
von Siemens to his brothers, and papers on electric inino loco¬ 
motives, Pupin coils, and automatic telephony. 

Sons op Martha; a historical and biological record, covering a 
century of American Achievement by an organization of 
master builders. 

By Dixon Merritt. N. Y., Mason & Hangar Co., 1028. 319 
pp., illus., ports., 8x6 in., cloth. $3.00. 


-ojAd Aiiou lU XOi.i7. J. lie 

organization built many railroads, chiefly in the South, and parftic- 
mated ii^he construction of the CJhicago Drainage Canal, the 
Catskill Water System, and the Port Newark Terminal. Other 
important work enteusted to it include the CharlcHton l>ort 
« Old Hickory powder plant^nd the foundations 

of the Fort Lee Bridge. 

Statistik der ElektrizitXtswerkb und der Elickthihohion 
Bahnbn Osterqeichs. 1927. 

By Elektrotechnischer Verein in Wien, Wien, Verlag des 
Elektrotechnischen Vereines, [1929]. 188 pp., map, 12 x 0 in., 
boards. 20s (Austrian). 

statistics of more than 800 electric power plants 
and 33 electric railroads in Austria,^ of the end of 1927. Those 
are arranged both alphabeticaUy and geographically. 
Statistisgher Quellbn-Nachwbis for die DurchfOurung 
VON Marktanalysbn. ^ 

By A. Reithinger. Berlin, V. D. I. Verlag, 1929. (Wirt- 
schaftUoher Vertrieb, heft 1 ). 45 pp., 9x6 in., paper. 3,60 

r. m. 

the official statistics of Germany, compiled from the 
pomt of view of those engaged in market analysis. ^ T.he statisti¬ 
cal pubhcations of use for this purpose are indexed alpiiabeticallv 
^^r apprqprSte subjects, so that the user can r3r^ceS 
what IS avaalable on any subject and where it jiU be found! 

Taschbnbuch pOr Fbrnmbldetbchnikbr. 

By Hermann W. Goetsoh. 4th edition. Mun. & Ber R 

Oldenbourg. 1929. 626 pp.. Ulus., diagrs., 7x5 in., doth! 
lo.-r. m. 

Taschenbuch fflp Femmeldetechniker is a convenifinf 
^ork on telegraphy, tele^y a^d 
irSfoU^ over wires. The theoretical principles, the desi^ and 
^sMation of the apparatus, and the operation and testini? 
u PraotjeaUy. ■witi conaderable ^slaee 

IS given to eleetno pyrometers, burglar alarms rail-mnd o-n/i 
tu^^ j®* and othw recording and signalling appara- 

^ • Frintmg and sound telegraphs are discussed T'TnsaKrtrtL* 

18 an exceUent description of 


% 


• • 
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Ventilation of Mines; Generation of the Air Current. 

By Henry Briggs. Lond., Methuen & Co., 1929. 136 pp., 
iUus., diagrs., tables, 8x6 in., cloth. 7/6. 

Contains the substance of a series of lectures delivered in the 
Royal School of Mines in 1927. Professor Briggs treats of the 
design and application of the ventilating machines and ^pliances 
used in modem mining practise, giving special attention to recent 
developments. No attempt is made to be exhaustive, but atten¬ 
tion is given especially to those matters which are often not 
understood. 

Walzwerkswesbn, V. 1. 

Edited by J. Puppe & G. Stauber. (Handbuch des Eisen- 
liiittenwesens). Diisseldorf, Verlag Stahleisen; Berlin, Julius 
Springer, 1929. 777 j)p., illus., plates, diagrs., t^^bles, 11x8 
in., cloth. 85*-r. m. 

This is the first volume of the most exhaustive treatise on the 
rolling of iron and steel that has ever been published. The 
work has been prepared under the auspices of the German 
Society of Ironmasters, by a numjjer of well-known specialists 
under the leadership of J. Puppe> When complete it will 
comprise four volumes. 

Tlio work is designed to be a complete treatise on rolling-mill 
practise. While special attention will be given to technical 
inat.ters, economic and scientific matters will also be considered, 
so that tho book will summarize completely our present knowl¬ 
edge in this field. 


Volume I contains: the national and international economic 
importance of rolling-miUs, by Drs. Reichert and Buchmann; 
the historical evolution of rolling, by Dr. Johannsen; the consti¬ 
tution and pro^rties of malleable and Tollable iron, by Drs. 
Oberhoffer and Bsser; the constitution of metals, by Dr. Heng- 
stenberg; testing of materials, by Dr. Moser; specifications and 
standards, by Dr. Schulz; cost accounting, by Dr. Jordan; 
operating statistics and supervision, by^Drs. Jordan and Rummel; 
the rolling process, by Dr. Koerber; rolls, by Dr. Emicke; and 
roll trains, by Dr. Puppe. 

Succeeding volumes will discuss the rolling of various products, 
heating furnaces, conveyors, cranes, and other accessories. 

ZUGBILDUNGSKOBTEN, ZuGF6RDBRKOSTEN UND IhRE WeCHSEL- 
BEZIEHUNGEN. 

By G. Capelle, A. Baumann, and R. Peindler. Berlin, Guido 
Hackebeil [1929]. 142 pp., graphs, tables, 9x6 in., paper. 
3.-r. m. 

The interrelations between the cost of making up trains and 
the cost of running them have been carefully investigated by 
these authors for the German National Railroad Company. 
Their findings are given in full detail in this report, which 
analyzes the various operations involved and determine the 
influence of each on the total cost of operating trains and dig- 
cusses the correlation between running and making up trains. 
The report is a valuable document on the subject. 


Engineering Societies Employment Service 


XJndev joint inanagemeni of the national societies of Civilf Mining^ Mechanical and Electrical Engineers coo'perai^ 
ing mth the Western Society of Engineers, The seA'vice is available only to their membership, and is mainUiined as a 
cooperative bureau by contribution from the societies and their individual members who are direcUy benefited* 
0kcc8:—31 WestSOth St., New York, N. 7.,—W V. Brown, Manager. 

1216 Engineering Bldg., 205 W. Wacker Drive, Chicago, III, A. K. Krauser, Manager. 

57 Post St., San Francisco, Calif., N. D. Cook, Manager. , ^ ^ , 

MJUN A VAILABLE.—Brief announcements will be published without charge but will not be repeated except upon 
requests received after an interval 5f one month. Names and records will remain in the active files of the bureau for a 
period of three months and are renetoable upon request. Notices for this Department should be addressed to 
EMPLO YMENT service, 31 WEST 39 th Street, New York City, and should be received prior to the 15ih day of 

^^’^^^^^b^^PORTUNITIES.—A Bulletin of engineering positions available is published weekly and zs availabU to 
mernhers of the Societies concerned at a subsqHption of $S per quarter, or $10' per annum, payable in advance. Posi¬ 
tions not fiUed promptly as a result of publication in the Bulletin may be announced herein, as form^ty. 

VOLUNTARY CONTRIBUTIONS.—Members obtaining positions through the medium of this service are 



hll the four someiies namea lluoug v/vm, ub bs nujjtiu,, w.vw:, ..v—--- . 

^ REPLIES TO ANNOUNCEMENTS.—Replies to announcements published h^ein or in the Bulletin, should 
ho. addressed to the key number indicated in each case, with a two cent stamp attached for reforwardi^, arid forwarded 
to the Employment Service as above. Replies received by the bureau after the positions to which they refer have been 
filled will not he fory^arded. 


POSITIONS OPEN 

1^ GRADUATE 4SSISTANTSHIPS, open to 
graduates in electrical engineering. Positions 
porniit lialf time to be devoted to the puMuit of 
graduate work In electrical engineering toward the 
dogroo of Master of Science. The other half 
time is assigned to teaching duties In the electrical 
englnooiing laboratory. Period of service is 
from Soptombor 20th to June 20th. Apply by 
letter. Salary $800. Location, Middle West. 
X-8383-S-R-410-C. 

PROFESSOR OF ELECTRICAL ENGI¬ 
NEERING, to begin September 20, 1920. Must 
be a wido-awaUe, progressive man of both practi¬ 
cal and teaching experience. Must have a degree 
In Electrical Bn^neei’ing andlnadditlona Master’s 
degree. Must bo capable of carrying "graduate 
and research work, and also willing to carry a 
reasonable amount of junior and senior .under¬ 
graduate work in electrical engineering. Other 
things being equal, preference would be given to 
a with some experience in transmission and 
distribution. Must be mathematically mlnd^ 
and no one will be considered who cannot qualify 
as a superior teacher. Important tliat he be of 
congenial disposition and have a sympathetic 


attitude toward students. Apply by letter. 
Location, Middle west. X-8384-S-R-411-0. 

ENGINEER, experienced, graduate preferred, 
to assist in the development of intricate automatic 
machinery, also involving electrical control, 
essential to basic industry and in large and In¬ 
creasing use. Apply by letter. Location, Middle 
west. X-8651-0. 

ELEOTRIOAL ENGINEERING GRAD- 
UATrtas OP UNIVERSITY, of recognized standing 
desired by middle west utility. AppUcant should 
have ftom one to live years’ experience in electrical 
utility work and should have superior mathemati¬ 
cal, technical and analytical ability to properly 
qualify for the wide variety of engineering 
studies made by company. Apply by letter. 
Location, Middle West. X-8396-S-R-409-O, 

ELEOTRIOAL DRAFTSMEN, technical 
graduates, experienced in out-door high tension 
substation design preferred. Apply by letter 
glvingi^complete detaljs of education and expe¬ 
rience and. enclose reront photograph. Salaries 
$160-$200 a month. Location, South. X-8608, 

ENGINEER, with a leaning toward economics 
and some electrical or mechanical engineering 
training. Work will be compvlng actual costs 


against estimates, tracing cause of high costs and 
department heads in cost reduction, etc. 
Apply by letter giving experience, age, earning 
ability and other facts which will help decide 
whether an Interview will be mutually profitable. 
Location, Middle West. X-8456-C. 

ELEOTRIOAL ENGINEERS, yoimg. recent 
graduates, who had good scholastic standing and 
have had experience in engineering, construction, 
operation or the manufacture of equipment for 
poww companies. Must be capable of doing 
general engineering and station design work. 
Apply by letter. Location, Middle west. X-8546-0. ^ 

MEN AVAILABLE 

'^ELEOTRIOAL ENGINEER, over 16 years’ 
experience In electric light and power field; several 
years In charge of work, desires position in charge 
of electrical engineering work for central station 
company, either with or without construction 
operatinf^ duties. University * graduate, 
with good technical knowledge and ability to 
men. B-1923. 

ELEOTRIOAL ENGINEER, gi’aduate, de- 
sires position with manufacturing concern, public 
utility, or contractor; 18 years* experience in the 

# 
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t'lmrical industry. 10 of wliicli, up to date, con¬ 
nected ^\ith the largest i)iiblic utility company. 
Design, construction, maintenance, power houses, 
sub'Stutious. distribution, handling^ materials, 
specifications, etc. Location desired, here or 
abrofid. C-fiO.’r*. 

EXEKCJKTIC ELECTRICAL ENGINEER, 
Cornell graduate, 30, marglcd, now employed, 
wants greater opportunity, willing to stare low; 
six years’ exjierience Avith large public utility on 
general, power plant testing, and relay protection 
engineering, both field and office work. Has ex¬ 
ecutive ability, liigbly technical, agreeable person¬ 
ality. Desires permanent connection with high- 
cla.ss public utility or manufacturing concern. 
LfJKration, immaterial except South. Present 
salary S330. C-6096. 

MAINTENANCE ENGINEER, technical edu¬ 
cation in electrical engineering. 35, married; 12 
Sears’ experience in construction of power plants 
and substations, maintenance, tests and one year 
operating a small |plant. Good knowledge of 
equipment, cooperative ability, desires position 
with industrial or manufacturing organization, 
public utility or construction engineers. Now 
employed in East. Location. Immaterial Ref- 
cfenctvs, present employer. C-2021. 

ELECTRICAL AND STRUCTURAL ENGI¬ 
NEER. Eighteen years’ power plant experience 
with engineers, contractors, public utilities as 
designer, supervising engineer and consultant in 
domestic and Latin-Amedcan field. Specialist 
wi high-tension transmission lines, outdoor sub- 
nations. Desires position as executive In engi¬ 
neering or administrative work. Location, im¬ 
material. C-3824. 




ELECTRICAL ENGINEER, 22, single, 1928 
graduate with degi'ee of B. E. E. with honors: 
1 H years’ experience in testing. .Desires position 
with industrial and construction* company or 
public utility, with opportunity. C-6030. 

GRADUATE ELECTRICAL ENGINEER 
Avould like to make a substantial connection with 
industrial firm or public utility as an engineer or 
. assistant to Electrical Engineer or Superintendent 
of Operation. Two years* Westinghouse test; 
five years’ industrial electrical engineering ex¬ 
perience; five years electrical design, drafting and 
operation of power plants and substations; also 
familiar Avlth transmission line calculations. 
B-8379. 

ELECTRICAL ENGINEER, 40, marled, 20 
years' broad experience testing, design, construc¬ 
tion. and supervision with well-lmown corporations; 
one year teaching, desires permanent position 
with responsible company on construction or 
operation. Location, United States, South pre¬ 
ferred. B-1473. 

SALES EXECUTIVE, a business getter, 40, 
with broad tcnowledge of production construction 
and sales and a record as a successful sales engi¬ 
neer, district manager and assistant sales manager 
will consider position leading to a sales or district 
managership in either electrical or mechanical 
lines. B-3065. 

ELECTRICAL ENGINEER, 35, married, 
Avith twelve yeajs’ public utility operating and 
management experience desires public utility 
connection. Available on reasonable notice. 
C-6120. 

EXECUTIVE MANAGER, electrical and 
mechanical. 24 years* successful experience, 


including ioucJiing lending tinivei*sity; «MigiiU't‘r 
Westinghoiists onglneor, utility i.MUiunlssiufi. 
public utility oU‘Ctric;U ami inecluinlesi,l oiigiiunr 
and Managt'** Inst eleven yeur.s. (Nniipletely i*<^ 
built power plant and dlstrlhiition; made new rate 
schedules aiul persunnlly Jiuiidted sale*s of large 
powercustoriiors. hlldille \Ve.st pn^ftTn*!!. li-7s |s 
GRADUA'PE ELK(rntI<\AL AND M K- 
OHANIOAL/ ENG IN EMU wllh two years of post- 
graduate work In ]>|i.v.sje.s. I)e.sire.s pn.sUlon as 
research or etui.suldng engineer. Ten yearH* 
<3xperience in lijgli-teii.sioii and automatic* devJc'es 
and some X-14ay woric. IIn.sext*eii(lveaiid organ¬ 
izing ability. De.sire.s iiositioii as de.sigitliig cqigi- 
neer where fncllitle.s for reseairh are aviillahle. 
Location, United Stales or abroad. H-lMdfi. 

ELECTIUCAL ENGINKER, 21, Ningli*. six 
months general testing, two utid a half y«*arM 
design of rural and city distribution. I>ef,lres 
connoction in a distrlbuMoti dc'partnuntt wlfli a 
future. AvaJIuhle on rra.soitable iiotiee. Lue.i- 
tion p^>»^Tocl. East. 

ELECTRICAL EN(5I NEEIUNtJ TEAt^ilKJC 
with nine years’ teaelibig exporieiicH^ (IcnIiv.s po- 
sition above 1dn3 grade of instructor where ati 
oppoi-timlly rail he had of cjonqiletiijg work for 
doctor’s degree. Has M. .M. th^gree and General 
Electric Tost, as wttll as teac'Iihig and n^seanrli 
expedience. U-tMid. 

CHIEFENC*INEElt, Industrial Plant. Grad¬ 
uate of Pi-att Insthuto. .3H, married. Expctrl- 
enced in oIectrl(3al wiring and maiiUenanen, com¬ 
puting genoration costs and luaking firsts of 
boilei* efflcienoIo.s. ncNlrt*N a pusltlnti olfcu'lriK 
opportunities for atlvaiujemtMit. JVofer (?nniio<?i 1- 
cut or in or about Now York Olty. (L'MOJ. 


. MEMBERS HIP —Applications, Elections, Transfers, Etc. i 

applications for transfer ERUSE RfiRwnrp o ^ , , ... 

Thn Board of Examiners, at Its meeting held Wt HartforrOo^ Consulting Engineer. • APPLICATIONS FOR ELECTION 

shouidbemedatonce^^thTheNatSs^tlS* 

To Gred. Of Member N x “ ®“- * - «‘Iu!lL.t C apldl,'cl 

XKiTOLAS. JOHN A., Instructor. Educational B ''' 

Bureau. Brooklyn Edison Co.. Brookly^ York.N.Y. “na Bower Co.. New Berm^ M. E. General .Electric Go.. Dotrc'.lt 

^ * * * PEJJGTT T Q X JVIiCh, * 

ios^t O'Bl^ctrlbal Oo^... Neenah. 

oeaign Engineer. Westinfdiouse Elec A Mr. o*® Electric Co.. Ohiesago HI Oonway J o wia... i t 

Co.. Sharon. Pa. * S“HAEDS0N. A w . N^York m 

® ^Oabte Engineer in charge, Tolographir, 

^ Cambridge, Mass, Ourwensvlll *, Electric Co., 

♦ ' 


♦ 
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N. a. 'W., AusiraJla 
Total 14. 


Frenz, H. J.,Victor Talking Machine Oo., Oamden. 

N. J. 

Fullerton, D. P.. Jr., Electrical Besearch Products , 

Inc., New York, N. Y. 

Gray, S. K„ Dayton Power & Light Co., Dayton, 

Ohio 

Gray, W. T., Jr., Northwestern University, Evans¬ 
ton. Ill. 

Hecht, W. O., Bell Telephone Oo. of Penna., 

Pittsburgh, Pa. 

Heim, E. F., (Member), 1800 “E" St., N. W., 

Washington, D. O. Lambert, S., 

Horspool, G., Calgary Power Oo., Ltd., Seebe, France 
Alberta, Can. Bao. K. N., 

Jacobson, M., Jordan Marsh Oo., Boston, Maas. Engineer, 

Keen, A. H., General Electric Oo., ballas, Teac. So. Jndla 

Keiper, B. O., Bethlehem ?lteel Oo., Allentown, Pa. 

Kelter, J. 0„ Harry Aleamnder, Inc., New York, 

N. Y. 

Labunskl, O. M., Detroit Edison Co., Detroit, 

Mich. 

La Oauza, F. E., Harvard University, Cfe»^rldge, 

Mass. 

Lane, A. M„ Pacific States Electric Co., San 
Francisco, Oalif. 

Lawrence. B. B., J. G. WhiteEngg. Oorp., Boling, 

Tex. 

Legg, B. B., (Member), Columbia Engineering & 

Management Oorp., Oolumbus, Ohio 
Lowe, H. D., Electrical Research Products.'’lnc., 

Hollywood. OeJif. 

Ludwell, F. R., Pacific Electric Mfg. Oo., San 
Francisco. OaJlf. 

Manning. R, P., Westchester Lighting Oo., 

Mount Vernon. N. Y. 

McCarthy, J. J.. Cleveland Bllway Oo., Olev^and. 

Ohio 

McNulta, L. F., New York Telephone Oo., New 
Rochelle, N. Y. 

Meeker, H. A., Meeker Electric Oo.. WlDlston 
Park, N. Y. 

Mikelberg, S., Stone & Webster Oorp., Boston, 

Mass. 

Miller, D. S., 22^Greenfleld St., Hartford, Oomj. 

Mullen, J. T., Southwestern Bell Telephone Oo.. 

Kaiiftsafi City, Mo. 

Powdl. E. M., Westlnghouse B^,ec. & Mfg. Oo., 

Wilkes-Barre, Pa, 

Raine, R. W., American Electric Oo., Miami, Fla. 

Reed, G. L., Western JTew York Gas & Electric 
Oorp., Lancaster, N, Y. 

Schlossberg, V. E«, Inland Steel Oo., East Chicago, 

Ind. 

Schneider. R. G.. Harry D. Payne. Houston. Tex, 

Shortt, J. F., Oorporation of Penticton, Penticton, 

B. O.. Can. 

Stephenson, D. O., Northern Light & Power Oo., 

Indian Head, Sa^., Can. 

Sweet, D, M., Public Service Oo. of No, Illinois, 

Chicago, HI. * • 

, 'Vogel, O. S., Georgia Power Oo., Atlanta, Ga. 

Watkins, N., U. S. Government, Wright Field,* 

Da:^p, Ohio 

Watts, W., Letolghftportland Oement Oo., Oglesby, 

HI. 

Weber, G. A., Olty Hall, Palo Alto, OiJlf. 

Welter, G., American Brown Bo veri Electric Oorp. 

Oamden, N. J* * 

Whe^er, H, J., General Electric Oo., Schenectady, 

N. Y. 

Williams, W. K„ Dallas Power Sc Light Oo., 

Dallas, Tex. 

Wray, T., Simplex'^ire & Cable Oo., Cleveland. 

Ohio 
Total 66. 

. Foreign 

Brown, A. F., c/o Anglo Persion Oil Oo^ Abadan, 

Persian Gulf. 

Buck, B. 0., (Fellow). British Engineering Manu¬ 
facturers' Alliance Ltd., Port of Spain, 

Trinidad, B. W. I. 

Deane, H.E., Electrical Contractor, > P. O. Box 
273, Bridgetown, Barbados, B, W. I. 

Dewis, J. H., Rustor & HoWisby Ltd., Sydney, 

Australia « 

Faber, 0. W., Bio de Janeiro Tramway Light & 


Rio de Janeiro, Brazil, So. 


Garlock, Robert G., University of Wisconsin 
Gartrell, Everett A„ Worcester Polytechnic 
Institute 

Gawlowicz-t Boleslaw S., Worcester Polytechnic 
Institute 


Power Oo 
America 

Ganguli, A. K., Bast Indian Railway Electric 
Power Sta., Cawnpore, India 

Gopinath, S. K., M. & S. M. Railway Workshops, -v. 

Perambur, Madras, India Globenslcy, Paul J., State College of Washington 

Harvey, A.^., Energia Electrfca de Cartagena. Goodnow. Albert M.. Worcester Polytechnic 
Cartagena, Colombia, So, America Institute ^ 

Klrlcpatrick, H. J., Rio de Janeiro Tramway Light Graham, Howard D., University of Illinois 

& Power Oo., Bio de Janeiro, Brazil. So.’ Greco, Carmelo S., Worcester Polytechnic 
America 

Porcelalnerle de Lesquin, Paris, 


(Member), 

Htndupiur, 


Municipal Electrical 
Anantapur District. 


Institute 

Green, Francis A., Case School of Applied Science 
Hall. Gilbert p., Michigan State College 
Hango, John R., University of Alberta 
Harper, Edwin R., Worcester Polytechnic 
Institute 


So.Jndla instttute 

Rawal, T. R., Anglo Persian Oil Oo., Ltd., Masjid- Hay, Edward O., University of British Oolumbia 
I-Sulalman. S. W. Persia Hedgpeth, Thaddeus V., University of North 

Vanden Meersche, A. J., University of Ghent, Carolina 

Ghent, Belgium > Heinzen, Harry B., South Dakota State OoUege 

Webb, T. *F., Standard-Waygood, Ltd,, Clyde, Hlllegas, John W., Georgia School of Technology 


STUDENTS ENROLLED 
D., Case School 


Ackerman, Carl 
Science 

Ainsworth, Harold, University of Alberta 
Alexander, John J., University of North Oai’olina 


Hinzdel, J. James, Case School of Applied Science 
Holmes, Clarence L., State (Allege of Washington 
Horton, Holbrook L., Worcester Polytechnic 
Institute 

Howard, Arthur J., Northeastern University 
of Applied Melvin W.. North Dakota Agricultui;al 


Alexander, John J., umversity or JNortn uai-ouna Feeney 
Allen, Thomas W., North Dsdcota Agricultural 


College 

Kahale, Noureddeen, Robert College 


Dwight B., Worcester Polytechnic 


, Institute 

College , ^ ^ 1 Keleshian, Hagop, Robert College 

Anderson, Albert W., North Dakota Agricultural Kelley, Richard, Northeastern University 
College KeUy, Joseph J., Northeastern University 

Anduiar, Manuel, Jr., Pennsylvania State College gjlrkhope, Peter G., Oase School of Applied 
Avary, Stephens. A., Emory University Science 

Azarian. Levon, Robert College John, Lewis Institute 

Bagg, Richard F., Rensselaer Polytech^c Institute Kouyoumdjian, Kerop, Robert College 
Bamhouse, Thomas D., Ohio University Kouyoumdjlan, Vahram, Robert OoUege 

Beers, Randal H., Stevens Institute of Technology Langaunet. Joseph O., North Dakota Agricultural 
Bloodworth, Thomas H., Georgia School of college 

Technology ' ^ Livie, Jade, State OoUege of Washington 

Bosely, William S„ Jr., West Virginia University WlUiam W. Jr., Worcester Polytechnic 

Brady. Elisha B.. University of Oklahoma Institute 

Bridges, Joslah A., Stanford University CharUe L., University of Kansas 

Brown, William B., Newark Ooll. of Engineering Donald A„ Syracuse University 

Buchanan, Lloyd O., State OoUege of Wadilngton Ma^Qregor, James G., University of Alberta 
Gain, Doyle B., University of Texas — - 


Marose, LeRoy W., University of Illinois 
McOown, Robert L., Texas A, & M. College 
McLoughUn, James B., Worcester Polytechnic 
Institute 

Meldahl, Lawrence A., North Dakota Agricul¬ 
tural College 

MerrlU, Arthur E., University of Vermont 
Miridjanian, Nourhan, Robert OoUege 


Oalcagnl, L^vio, University of Vermont 
Caldwell, Colonel L„ State OoUege of Washington 
Carter, Bruce H., Ohio State University 
Carter. Hubert O., Emory Unlverslry 
Oastano, Frandsco, Georgia School of Technology 
Carpenter, Ohauncey L., Oase School of AppUed 

Science ______ 

Center. Clare E., Worcester Polsrtechnlc Institute M^ore, Samuel L., Georgia School of Technology 
Chatham, Arriiur A., Oase School of Applied Walter G.. Engineering School of 

Science MUwaukee 

Clark, Ralph'L., Michigan State OoUege Morrlcal, Keron O., University of Illinois 

Clays, Ernest M., University of Nevada Morton, Homer A., Montana State OoUege 

Conway, Clifford O., University of Illinois Nagrath, Gian O., University of Illinois 

Cook, Eugene G., Texas A. A: M. OoUege Nakashldze, Prince Dimitri M., Robert OoUege 

Cooper, Marvin L„ University of Missouri Nellson. Howard, Texas A. Sc M. OoUege 

Dalton, Harold R.. Brooklyn Polytechnic Institute Edwin K., University of IlUnois 

Davidson, John W., Worcester Polytechnic Inst, Lamar A.. Georgia School of 

Dean, John B., Michigan State OoUege' Technology 

DeVries, Lawrence H., Michigan State OoUege Noiris, Dale B., Michigan State OoUege 
DlToro. Michael J., Brooklyn Polytechnic Instl- oison. Elof, University of Alberta 
tut e - _ — . - . 


Olson, Roger B., North Dakota Agricultural 
College 

Orphanides, Christ L., Worcester Polytchnlo 
Institute 

Owen, Luden B., Alabama Polytedmlc Institute 

EUlott, Mowara jb., umo nji&jie umversn»y Parsons. MardiaU F., Michigan State OoUege 

Emott,WiniamB., Georgia Sdbiool of Technology pgarce, Heyward, University of Michigan 
Evans, L. H., Jr„ Texas A. Sc M. OoUege Pederson, Marcus, North Dakota Agrlcu 


Dudewitz, William M., UnivOTslty of Midilgan 
Durj|nt, Ronald J., Georgia Sdiool of Technology 
BUlngson, Edward V., North Dakota Agricultural 
OoUege 

EUlott, Howard E., Ohio State University 


Ewing, Chester A., Massachusetts Institute of 
Technology 

Fenton, Earl L., North Dakota Agriculturid 

OoUege. 

Fenwick, Arden B., Purdue University 
Flnkelst^, Saul, University of Illinois 
FIdie?, Cameron E., jriilYerslty of DUnois 

IKOma a.. 0 » WoolottorM WB™ B., MtW M 

Science __ - .Bidcoyer, Hyman G., Oolumbia University 


Pederson, Marcus, North Dakota Agricultural 
OoUege 

Phanuef, Edgar A., Worcester Polytechnic 
Institute 

Puddlngton, Roy W., Worcester Polytechnic 
Institute 

Ramsay, Josei^ D., University of Teimesseo 
Rand, Irvin J., Oase Sdxool of AppUed Science 
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Boggenburk, Bobert W., Case School of Applied 
Science 

Rowe, Hobart B., Michigan State College 

’ of Applfed Science 

Schaffer, Phihp, Rhode Island State College 
Schlachter. Benjamin. College of the City of 
New York 

Sc^dt, Elmer L., Case Schqpl of AppUed Science 
Schnabel, Arnold O., Purdue University 
Schucht, Charles Q., University of Cincinnati 
Scot^ Richard W., North Dakota Agricultural 
College 

S^w. James, Brooklyn Polytechnic Institute 
Shaw, Willard H., Rice Institute 


tnstitutj^»and related activities 


Shen, Pinlu, Harvard University 
Shook, RlchardE,, Case School of Applied Science 
Silk, Hai*ry, Newark College of Engineering 
Slider, Charles E., Michigan State College 
Sauler, N. Harold, State CoUege of Washington 
Stanton, Albert A., Georgia School ol^edinology 
Strommer, Earl N., Case School of Ap^led Science 
Strupp. Peter J., Engineering School of Milwaukee 
University of North Carolina 
Torkels^. Elmer C., North Dakota Agricultural 
College 

Vines, Quentin C., University of Illinois 
Walraven, Madison M., Georgia School of Tech- 
nology 


Journal A. I. E. E. 

W^e, Jack L., Georgia School of Technology 
Whltaeld, A.. Michigan State CoUege 

Will, August J., South Dakota State College 
Wm^on. Harold G., Worcester Polytechnic 
Institute 

WUl^ WUUam H., Jr„ Engineering School of 
Milwaukee 

WUson, Eric B., Montana State CoUege 

Science 

# Polytechnic 

Yavronyan. Zareh O.. Robert CoUege 
Total 147 
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George A. Hamilton 
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G. B. OUINAN 
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H. P. Livbrsidgb 
J. Allen Johnson 

A. M. MacS^utcbeon 
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National Secretary 
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General Counsel 
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LOCAL HONORARY SECRETARIES 
T. J, Fleming, Calle B. Mitre 519, Buenos Aires, Argentina, S. A. 

H, W. Flashman, Aus. Westinghouse Elec. Co, Ltd., Cathcart House, 
11 Costlereagh St., Sydney, N. S. W.. Australia, 

P. M. Servos, Rio de Janeiro Tramways, Light & Power Co., Rio de Janeiro, 
Brazil. 

Charles le Maistre, 28 Victoria St., London, S. W. 1, England. 

A. S. Garhcld, 45 Bd. Beausejour, Paris 16 E., France. 

P. W. Willis, Tata Power Company, Bombay House, Bombay, India. 

Guido Semonza, 39 Via Monte Napoleone, Milan, Italy. ■ 

P. H. Powell, Canterbury College, Christchurch, New Zealand. 

Axel F. Bnstrom, 24a Grefturegatan, Stockholm, Sweden. 

W. Elsdon-Dow, P. 0. Box 4503, Johannesburg, Transvaal, Africa. 

A. 1. E. E. COMMITTEES 

(A list of the personnel of Institute committees may be found in the June 
issue of the Journal.) 

GENERAL STANDING COMMITTEES AND CHAIRMEN 

Executive, R, P. Schuchardt 
Finance^ B. B. Meyer 
Meetings Xnd Papers, H. P. Charlesworth 
Public/T iON, W. S. Gorsneh •• 

Coordination of Institute Activities, H. A. Kidder 

Board of Examiners, E. H. Everit 

Sections, W. B, Kouweahoven 

Student Branches, J. L. Beaver 

Membership, J. B. Kearns 

Headquarters, R. H. Tapscott 

Law, C. O. Bickelhaupt ** 

Public Policy, D. C. Jackson 
Standards, P. D. Newbury 
Edison Medal, Samuel Insult 
Lammb Medal, Charles F. Scott 

C<3db op Principles oit Professkwal Conduct, H. B, Smith 


Columbia IfNivBRSXTY Scholarships, W. I. Slichter 
Award of Institute Prizes, H. P. Charlesworth 
Safety Codes, F. V. Magalhaes 

SPECUL COMMITTEES 

Advisory Committee to the Museums of the Peaceful Arts, J. P. Jackson 
Licensing of Engineers. Francis Blossom 

TECHNICAL COMMITTEES AND CHAIRMEN 
Automatic Stations, W. H. Millan 
Communication, H. W. Drake 
Education, Edward Bennett 
Electrical Machinery, W. J. Poster 
Electric Welding, A, M. Candy 

Electrochemistry and Electrometallurgy, George W. Vinal 
Blbctrophysics, V. Karapetoff 
General Power Applications, J. P. Gaskill 
Instruments and Measurements, Everett S. Lee 
Applications to Iron and Steel Production, M. M. Fowler 
Production and Application op Light. B. E. Shackelford 
Applications to Marine Work, W. E. Thau 
Applications to Mining Work, Carl Lee 
Power Generation, P. A. AUner 

Power Transmission and Distribution, H. R. Woodroyr 
Protective Devices, E. A. Hester 
Research, F. W. Peek, Jr. 

Transportation, W. M. Vandersluis 

A. I. E. E. REPRESENTATION 

(The Institute is represented on the following bodies; the names of the repre¬ 
sentatives may be found in the June issue of the Journal.) 

Alfred Noble Prize Committee, A. S. C. E. 

American Association for the Advancement of Science, Council 

American Bureau of Welding 

American Committee of Electrolysis 

American Engineering Council 

American Marine Standards Committee 

American Standards Association 

American Year Book, Advisory Board 

Board of Trustees, United Engineering Society 

Charles A. Coffin Fellowship and Research Fund Committee 

Committee of Apparatus Makers and Users, National Research Council 

Committee on Elimination of Fatigue, Society of Industrial Engineers 

Committee on Heat Transmission, National Research Council 

Engineering Foundation Board 

John Fritz Medal Board of Award 

Joint Committee on Welded Rail Joints 

Joint Conference Committee of Four Pounder Societies 

Library Board. United Engineering Society 

National Fire Protection Association, Electrical Committee 

National Fire Waste Council 

National Research Council, Engineering Division 

National Safety Council, Electrical Committbb of Engineering Section 

The Newcomen Society 

Radio Advisory Committee, Bureau of Standards o 

Society for the Promotion of Engineering Education, Board of Investi¬ 
gation AND Coordination 

U, S. National Committee of the International Commission oh 
Illumination 

U. S. National Committee of the International Electrotechnical 
(Commission 

Washington Award, Commission of 


LIST OF SECTIONS 


Baltimore 


Cincinnati 


Connecticut 


Cha irman _ Secretary _ 

John CJrotzinger H. C. Paiste, No.. Ohio Pr. & Lt. 
, Co„ Akron. Ohio 

H I.. Wills W. P. Bellinger. Elec. & Gas 

Bldg., Atlwta, Ga. 

W.B.Kouwenhoven R.T. Greer, ^ons. Gm Elec. Lt. 

& Pr. Com Lexmgton Bldg., 
Baltimore, Md 

H, B. Dwight G. J. Crowdes, Simplex Wire & 
Cambridge, Mass. 

P. B. Juhnlce T. G. I-e Clair, (^mmonv^aUh 
r. J9. junn Edison Co., Rm. 822, 72 W. 

Adams St., Chicago, Ill. 

R. C. Fnrer , 

Cincinnati, Omo 
B. W. Hend««m P-D- 

117th St., Clyeland, Ohio 

W, E. Metzger R. A. Br<^, 87 E. Dunedin RoaS, 
Columbus, Ohio 

E T Amberg R. G. Warner, Yale 10 

B. J. Amo g Haihouse Ave., New Haven, 

Conn. 


P. B. Juhnlce 
R. C. Fryer 


W. E. Metzger 
E. J. Amberg 


Detroit-Ann Arbor 


Fort Wayne 


Indianapolis-Laf. 


Kansas City 
Lehigh Valley 


G. A. MHls 


L. N. McClellan 
A. H. Lovell 

M. L. Elder 
C. P. Beyer 
C.^A. Williamson 

Herbert Kessel 


R. F. Chamberlain 
B. J, George 
H. D. Baldwin 


Secretary 

A. Chetham-Strode, Dallas Pr, 

& Lt. Cc.. Intenirban Bldg.. 
Dallas, Texas 

R. B. Bonney, Telephone Bldg., 

P. 0. Box 960, Denver. Colo. 

L. F. Hickemell. Stevens & Wood, 
Inc., Consumers Power Bldg., 
Jaclraon, Mich. 

A. W. Wenneistrom, General . 
Electric Co., Erie, Pa. 

J. P. Eitman, 1841 Broadway, 
Ft. Wayne, Ind. 

L. K. Del Homme, Houston 
Lighting & Power Cio., Houston, 
Texas 

G. R. Anderson. 2060 North¬ 
western Ave., Pairbanla, Morse 
& Co., Indianapolis, In^ 

L H. K, Race, Scho 9 l of31ec. Engg., 
Cornell University, Ithaca. N. Y . 

A. B, Covey, Southwestern Bell 
Tel. Co., Kansas Citjr. Mo. ^ 

,B, F. Weaver, Pa. Pr. & Lt. 
Co., 901 Hamilton St., Allen¬ 
town, Pa. 
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Cbainnaii 


INSTITUTE AKD RELATED ACTIVITIES 

LIST OF SECTIONS— 

Name 


Chairman 


Jouninl A. f. K. E 


Secretary 


Loa Angeles 

Louisville 

Lynn 

Madison 

Mexico 

Milwaukee 

Minnesota 

Nebraska 
New York 

Niagara Frontier 

North Carolina 
Oldahoma 

Panama 

Philadeljilila 

Pittsburgh 

Pittsfield 
PorOand, Ore. 

Providence 


Charles Skoglund 


L. /. Peters 


E. R. Stoekle 


M. E. Todd 


C* D. Robison 
R. H. Tapscott 


H. L. Caldwell N. B. Hinson, Southern Cal. 

Edison Co., 3rd and Broadway, 
* Los Angeles, Calif. 

H, W. Wischmeyer P. P. Ash, Louisville & Nashville 
Rd. Bldg. Louisville, Ky. 

V. R. Holmmn, Turbine En 
Dept., G. B. Co., Bldg. 

Lynn, Mass. 

L. C. Larson, De^. of Elec. Engg., 
University of Wisconsin, Madi¬ 
son, Wisconsin 

P. M. McCullough F. Aubert, 2 A de Queretaro 22, 
Mexico City, Mexico 
R. R. Knoerr, En»., Knoerr & 
Fischer, 663 Milwaukee St.. 
Milwaukee, Wis. 

V. E. Engquist. Northern States 
Pr. Co., Rice & Atwater Streets. 
St. Paul. Minn. 

L. P, Wood, Room 1319, Tele¬ 
phone Bldg., Omaha, Neb. 

H. S. Sheppard, Dept, of Dev. & 
Research. Amer. Tel. & Tel. 
Co., 195 Broadway, New York, 
N. Y. 

G. H. Calkins E. P. Harder, BuflFdIo General 

Electric Co.. 205 Electric Bldg., 
Buffalo. N. Y. 

E. P. Coles M. E. Lake, Duke Power Co 

Power Bldg., Charlotte, N. C. 

C. V. Sullen C. T. Almquist, * Dept, of Elec. 

Engg.. Umv. of Oklahoma, 
Norman. Olda. 

L. P. Deming R. H. Silbert, Philadelphia Elec- 

H. E. Dyche J. A. Cadwallader. The Bell 

Telephone Co. of Pa., 416 7th 
Ave., Pittsburgh, Pa. 

J. R. Rue V. M. Montsinger, General Elec¬ 

tric Co.. Pittsfield, Mass. 

L. M. Moyer H. Cake, Pacific State Elec. 

Com 6th and Davis Streets, 
Portland, Ore. 

A. E. Watson P. W. Smith. Blackstone Valley 

R*I ^ Pawtucket, 


Rochester 

St. Louis 
San Francisco 

Saskatchewan 

Schenectady 

Seattle 

Sharon ^ 

Southern Virginia 
Spokane 

Springfield, Mass. 

Syracuse 

Toledo 

Toronto 

Urbana 

Utah 

Vancouver 
Washington 
Worcester 
Total 65. 


LIST OF BRANCHES 

-- N«neMd Location Chai^.n 

umTorsity or, Akron. Ohio 

Alabama Polytechnic Institute, Auburn. Ala 

^ Alabama* Univergity of University. Ala. 

Arizona, Univeraitv of. Ttir«fvn 


Arkansas, University of, Fayettevflle. Ark.. 

- ' I^tate of Techaolotj, 3800 So. Pad^ a.. CUci 

St.. Brooldyt 

Backnell University, Lewisburg, Pa... 

‘•N.Y.H.P. Steen 

Callfonda Inatitnte of T«cImolo,y. Paaad^. ciiif. 

Gshfoxnia, University of, Berkeley, Calif 


Cantatfa la«itata of TadmoloCTfilteb,^’ Pa. 

^^^ofApiHedSqleiiea.Clavelaod,Ohio. 

^<dic University or America, Washington. D. C 
Cindimati, University of, Cincinnati. Ohio 

.. • • ....G. Me Cooper ^ 

Oarkson CoUege of Technology, Potsdam. N. V 
aamaoa Apteoltnia] CoUai^. OenMcm CoUegs, & C 

Agricmtoral CoUe,e, Port CoUina. Coio!;!" 
Cblwado, University of, Boulder. Colo 

Ca4^ Union, New York, N. Y . 

.. W. Mitchel 

, * ••».H. R, Arnold 

CmneaUhivmrify, Ithaca, N.Y.... . 

B«sver, Univecsity of, Denver. Colo.. 

Mroitf Ustiverthy of, Detroit. Mich... 


msmate, Philadelphia. Pa 

MwUnlvendty, Durham, N. C. . 

• Uitivar^y of, Gainesville. Fla... 

Gaocgi^Si^oi^ of Toduudogy, Atlanta. Ga 
WrtSiFitfMnHxio*, Moicow Idaho... 

.. M. Way ^ 

.. .*..E. M. Bum 

xwwm state Cepege, Ames, Iowa.. 

Utf^ty of, .^ 

MuthattM., Ka^aa. 

S?. rahrmwty of, Lawrence, Kans. 


ftS*****^ I-eamitoii, Ky. 

. . 

^Uhivorsity Baton Rouge. U . 

... C. W. Daniel 

.. W. Lovett 


H. B. Gordon 

C. P. Potter 

B. D. Dexter 

E. W. Bull 
Ek S. Lee 

C. R. Wallis 
H. B. West 
H. C. Leonard 
Bernhard Olsen 

J. P. Mipwiy 

W. R. McCann 
W. T. Lowery 

B. M. Wood 

J. K. Tuthill 

C. B. Shipp 
C. W. Colvin 

L. D. Bliss 

A. F. Snow 


G. £. Burkholder 

O. T. Allen 

P. P. Denney 

B. H. Dorman 
J.^E. Wack 

P. J. Mullen 
J. E. Bridegum 
A. W. Dunn 
L. G. Levoy, Jr. 

J* H, Perriok 
J. 0. Herbster 

W. C. Osterbrock 

C. H. Joy 

J. P. Callahatn 
P. H. Lindon 
E. E. Stoeckly 
H. H. Reuter 
J» D. Rv^li 

D. S. Cooper 
Wm. P, Haldeman 
C. W» Renyon 

C. W. Berglund, Jr. 
A. L. Webb 
K* W, Mowry 

C. E. Robrig 

A. W. Broa^y 

L. L. Massie 
C. W. Ziook 
J. B, Zeaser 
Leo Weinshank 
J. Bridges, Jr. 

J» S. Overstreet 
A. Whittier 


C. P. Estwick, c/o Gcimral 
Railway Signal Co., Rocluvitur. 
N. Y. 

E. G. Me Lagan. 218S Railway 
Exchange Bldg., St. Loui.s, Mu. 

A. G. Jones, Gencr.al Eleetrie Co., 
804 Russ Bldg., San Pr.inrisro, 
Calif. 

S. R. Parker, 2400 Montague 
St.. Reginn, Sasic.. Cunaila 

B. B. John.son. Room Bhlg. 
No. 2, Gonoral Electric C.4i., 
Schenectady, N. Y. 

Riyr Rader. Puget Sound Pr. it 
Lt. Co., Scuttle, Wash. 

J. B. Gibbs, Westinghouse Elec¬ 
tric ‘Js Mfg. Cci., Shurun, Pa. 

Cecil Gray, VVestinghouse Electric 
& Mfg. Co., Richmond. Va. 

H. L. Vincent, General Eleetric 
Co., 402 Paulsen BMg., Spr>* 
kane. Wash. 

B. V. K, French, Am, Bosch 
Magneto Corp., SpringtieM. 
Mass. 

P. E. Verdin, 1200 Hills Bldg.. 
Syracuse, N. Y, 

Max Neuber, 1267 Fernwood Ave., 
Toledo, Ohio 

W. P. Sutherland, Toronto Ilydrtk 
Elec, System, 22.*i Yi>nge St., 
Toronto, Ont., Canada 
M. A. Paucett, Univeruitv of 
Illmois, :i()LA Elec. I^ngg. 
Laboratory, Urbana. Ill. 

A. C. Kolm, 133 So. West Temple, 
St., Salt Lake City, Utah 
J‘ Teasdnle, British Coltitnbia 
Bleo. Railway Co., Vancouver. 
B. C., Canada 

R.W.Cushing, Federal Pr. Comm., 
Interior Bldtj.. 18th & F Sta.. 
N. W. (Washington, D, C. 

Crosby, Morgan Const. 
Co,, lo Belmont St«, Worceslnr, 
Maos. 


J. T. Walthor 
W. W. Hill 

J. C. Clark 
W. B. Stelzner 
D. P. Morcton 
Robin Beach 
"W. K, Rhodes 

R. W. Sorensen 
T. C. McFarland 
B. C. Dennison 
H, B. Dates 

T. J. MacKavanaugh 
W. C. Osterbrock 
A* R. Powers 

S. R. Rhodes 
H. G. Jordan 
W. C. DuVftll 
N. L. Towle 
H. H. Race 

R. E. Nyswander 
H. 0. Warner 
E. 0. Lanfl^ 

W, J. Seeley 
J. M. Weil 

T. W, Fitzgerald 
J« H. Johnson 

F* A. Fish 

R. G. Kloeffler 
G, C, Sbaad 
W. E, Freeman 
Morland King 
J* L* Beaver 
F» A. Rogers 
M. B. Voorhies 
D. C. Jaclcson. Jr. 

W. B. Barrows, Jr 
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LIST OF B^mCKES-^-Continued. 

^_ Name and Location Chairman Secretary ^ 

Marquette University, 1200 Sycamore St., Milwaukee, Wia.P. C. Neumann W. E. Schxmts 

Massachusetts Institute of Technology, Cambridge, Mass..R. M. Durrett P. O. Urban 

Michigan State College, East Lansing, Mich.M. H. BHvin W. G. Reck 

Michigan, University of, Ann Arbor, Mich.*.W. R. Hough H. L. Scofield 

MQwaukee, School or Engineering of, 163 East Wells St., Milwaukee, Wia.G. B. He^el T. J. Coleman. Jr. 

Minnesota, University of, Minneapolis, Minn...^2*1- BUiott C. J. Johnston 

Mississippi Agricultund & Mechanical College, A. & M. College, Miss.R» S. Kersh L. L. Stokes 

Missouri School of Mines & Metallurgy, Rolla, Mof. B. Beatty E. J. Gregory 

Missouri, University of, Columbia, Mo...G. L. Crow C. B. Holt 

Montana State College, Bozeman. Mont.J.. M. Pjeld ^ G. B. West 

Nebraska, University of, Lincoln, Neb. B. Schneider H. G. Wiltae 

Nevada, University of, Rei^, Nevada..•.Alden McCullom ^ B. Ch^ 

Newark CoUege of Engineering, 367 High St., Newark, New Jersey.C. P. Hurd W. R. Ackor 

New Hampshire, University of, Durham. N. H.PkiUp Nudd Googms 

New York, College of the City of, 139th St., & Convent Ave., New York, N. Y.. Daniel Klatzko Walter Brolew 

New York University, University Heights. New York, N. Y.G. A. Taylor ^ W. ^bneider 

North Carolina State CoUege. Raleigh, N^...Carpenter W.B. Moseley 

North Carolina, University of. Chapel HUl, Mb ..W. B, Sharp B. ^ Gross. Jr. 

North Dakota Agricultural CoUege, State CoUege Station, Fargo, N. D.J. C. Langaunijt R. W. Scott 

North Dakota, University of. University Station, Grand Forks. N- D.R, W. Olson G. E. GIm s 

Northeastern University, 316 Huntington Ave., Boston 17, Mass.R. W. aeveland H. 

Notre Dame, University of, Notre Dame, ..J* J* Donahue P» J. Weiss 

Ohio Northern University, Ada. Ohio...J* D. McGahan ^ R. L H^shorn 

Ohio State University, Columbus, 0. .. M. Webster R. ^ Moser 

Ohio University, Athens, O......Clarke Renney H. W. Giesecke 

Oklahoma A. ft M. CoUege, StiUwater, Okla.D. Weathers H. B. 

Oklahoma, University of, Norman, ... K. Ittner ^y Monet, Jr. 

Oregon State CoUege, Corvallis. Ore.Harry Loggan ^ W. Swi^ 

Pennsylvania State CoUege, State CoUege, Pa.H. W. Bair h R H^dm 

Pennsylvania, University of, Philadelphia, Pa.T. B. Manning H. W^rown, Jr. 

Pittsburgh, University of, Pittsburgh, Pa.H* Duck J» G. Hoop 

Princeton University, Princeton, N. J.. V. G. Bakins C. P. Neas la^ 

Purdue University, Lafayette. Indiana.-.J* Huner C. S^dretto 

RensseUer Polytechnic Institute, Troy. N. Y.S. B. Benson Da^d Younger 

Rhode Idand State CoUege, Kingston. R. I.F. B. ^ulfield A. Z. Smith 

Rose Polytechnic Institute, Terre Haute. Ind. .R. H. Dowen G. P. Brosman 

Rutgers University, New Brunswick, N. J.JoJ“i Cost H.M. Hobson 

Santa Clara, University of, Santa Clara, Calif.T. L. Selna J. D. Gi^ 

South Carolina, University of. Columbia. S. C...W.B. Eargle L. A. toflith 

South Dakota State School of Mines, Rapid City, 5. D.H. E. Battler Vem Hagmann 

South Dakota, University of, VermiUion. S. D.Bnar Johnson ^ R - 

Southern California, University of, Los Angeles, Calif. ^*5* Woodruff 

Stanford Unigersity, Stanford Unilfersity. Calif.N. R. Morgan W. G. Snyder 

Stevens Institute of Technology, Hoboken, N. J.P- C. ^man Habach 

Swarthmore CoUege, Swarthmore, Pa.D. B Spangler B. C. 

Tumesaae, tTon-wsity of, Knoivillo. Tenn.O. D. FImuui, B. B. 

Texas, A. * M. Coileg. of, CoUege Station, Texas.., „ „ „ n t 

Texas. TTniTerel^ of, Austin, Texas..I" R* Bagwell & 1» 

tftsh, TTniTsrslQr of. Salt Lake City. Uti*...M. Ctapmau 

Vermont, Bnlyorslly of. Burlington. Vt..f • I- ^ 

VirgInU MlUtary Institnto, Lexington, Va.Gwattmey R. A. Wn,^ 

Virginia Polytechnio Xnslltttto, Blacksburg, Va.J- !»• Rothgeb ^tan Baol» 

VirSwa,triiivetslty of. University. Va. A .2? t w VBE^ 

Washington University, St. Louis, Mo. Ir^rZt 

Washington, University of, Seattle. Wash...K. E. Hammer . H. C. Hurlbut 

Washington and Leo University, Lexington, Va. ^ ^ n u 

West Virg^ University, Morgantown, W. Va.:.C. C. C. B. Se 

Vasconsin, University of, Madison. ..r q’ 

Worcester Polytechnic Institute, Worcester, Mass...B. C. WUde C. S. Greco 

Wyoming. University of, Laramie. Wyoming...B.aMottdy Q„Awia«fi 

Yrie University. New Haven. Conn.R* W. Mmer J. R. Sutherland 

Total 100 

AFFILIATED STUDENT SOCIETY 

Brown Engineering Society, Brown Unlvoraily, Providence, V. I.B. A. Church, Jr. H. S. fflaor 
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Counselor 

(Member of Faculty) 


J. P. H. Douglas 
W. H. Timbie 
M. M. Cory 

B. P. Bailey 
•^J. D. BaU 

Jo H. Kuhlmann 

L. L. Patterson 
. Ho Lovett 

M. P. Weinbach 
J. A Thaler 

P. Wo Norris 
S. G. Palmer 
J. Co Peet 
L. Wo Hitchcock 
Harry Baum 
J. L« Arnold 
R. S. Fouraker 
P. H<^Daggett 

D. R. Jenkins 
W. L. Smith ♦ 

J. A Caparo 

I. So CampbeU 
P. Co CaldweU 

A. A Atkinson 
Edwin Kurtz 
P. Go Tapjpan 
P. O. McMillan 
Lo A Doggett 
Co D. Fawcett 
H. Bo Dyohe 
Malcolm MacLareu 
A No Topping 

P. M. Sebast 
Wm. Anderson 

C, C. Knipmeyer 
P. 8. Creager 

Lo Jo Neuman 
To Po Ball 

J. 0. Kammerman 

B. B. Brackett 
P. S. Biegler 
T» Ho Morgan 
P. C. StockweU 
Lewis PusseU 

C« W. Henderson 

C. A. Perkins 

Ho C. Dillingham 
J, A CorreU 
J, H. Hamilton 
L. P. Dickinson 
So W. Anderson 
Claudius Lee 
Wo S. I^dman 
R, Do Sloan 
H. Go Hake 
G. L. Hoard 
R. W. Dickey 
A Ho Forman 
(% M. Jansky 

B. W. Starr 

Q H. Sechrist 

C. P. Scott 
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IfrDUSTRlAL NOTES 


Journal A. 1. B. E. 


DIGEST OF CURRENT INDUSTRIAL NEWS 

..... . . . . . . . . . . . ... . . • 


NEW CATALOGUES AND OTHER PUBLICATIONS 

Mailed to interested readers hy issuing companies 

Gani Operated Switches.—Bulletin l-I. Describes an 
improved type of air break gang-operated switch with voltages 
up to 220 kv. The Cbampion Switch Company, Kenova, 
West Va. 

Outdoor Switchind Equipment.—Bulletin OEA-1029A, 
12 pp. Describes group-operated, rotating-insulator, discon¬ 
necting switches. General Electric Company, Schenectady, 
N. Y. 

Motor StarteA.—Bulletin, 4 pp. Describes EC & M auto¬ 
matic synchronous motor starters. Illustrations • showing 
typical applications are included. Electric Controller & Mfg. 
(Jompany, Cleveland, Ohio. 

Panelboards.—Catalog 224, 64 pp. Describes the new 
Westinghouse line of panelboards, including typo NAB Nofuz 
panelboard using the 16 ampere, Deion principle circuit breaker. 
Westinghouse Electric & Manufacturing Company, East Pitts¬ 
burgh, Pa. 

^ Disconnectiiid Switches.—^Bulletin “E”. Describes out¬ 
door disconnecting switches from 400 to 3000 amperes for vari¬ 
ous commercial voltages. Champion Switch Company, Kenova, 
W. Va. 

Larde Pipe Weldind*—^Bulletin 505, 62 pp., **The New 
Way.*’ Describes automatic, arc-welded volume production 
of pipe for oil and gas lines. According to the bulletin, 
2500 miles of such pipe have been manufactured or are on 
order, A. O. Smith Corporation, Milwaukee, Wis. 

Supervisory Control.—Bulletin 1834,12 pp., on synchronous 
visual supervisory control. Describes present types of West¬ 
inghouse supervisory control units giving their application, 
^vantages and system of operation. The bulletin is well 
illustrated with typical control equipment. Westinghouse 
Electric & Mfg. Company, East Pittsburgh, Pa. 

^ Fuse and Disconneotind Switches.—Bulletin 503, 28 pp. 
Describes Matthews fuswitphes and disconnecting switches 
housed in cypress wood. Bulletin 604, 32 pp. describes fiimiUr 
equipment, but of open type. Both bulletins are profusely 
illustrated, showing the latest improvements in the complete 
line. W. N. Matthews Corporation, St. Louis, Mo. 

Circuit Breakers.—^Bulletin 600,20 pp. Describes type “0” 
oil switches and circuit breakers in capacities from 200 to 2000 
amperes, from 2500 to 15,000 volts and with interrupting capac¬ 
ities from 20,000 to 40,000 kv-a. They are made as two-pole 
and three-pole devices, automatic and non-automatic, single and 
double throw, for switchboard, wall and cell mounting; also for 
hand operation, normal and remote contrpl and electrical opera¬ 
tion. All necessary styles of trips and all the usual auxiliaries 
required in oil switch operation are available. Roller-Smith 
Company, 233 Broadway, New York. 

Traffic Control.—Bulletin “Miller Traffic Control,” 18 pp. 
Describes the MiUer “Trafilator,” a new system for which is 
claimed all of the benefits of the arbitrarily time traffic systems, 
and in addition halts traffic only when necessary. The “trafil 
ator” is composed of three umts, the detector, a combination 
relay and rectifier, and a condenser. The detector is a vehicle 
detecting device wMch is buried in the street so that the top does 
not extend above street lev^. It operates on the magnetics 
Wheatstone Bridge principle also employed in the Miller In¬ 
duction System of Train Control now in successful operation on 
railroads. Trafilators are unlimited in their applications; they 
do not supplant but work in conjimotion with, and may be added 
to, any stand^d signal system. They are universally adapted 
to any signaling co'^ldition, and their use will prevent long, un- 
n^essary stops and give ultimate street capacity consistent with 
safCSy at any intersecHon regardless of vAetifer it is an isolated 
int^section a part^of an interconnected system. The Miller 
Traia Control C6rporation, Staunton, Va. • » 


NOTES OF THE INDUSTRY 

The Copper weld Steel Company, Glassport, Pa., has 

formed a southeasterfi district comprised of Georgia, Alabama, 
Tennessee, Florida, Mississippi, and part of Louisiana, with 
P. A. Terrell in charge as district manager. The office of this 
district is Igcated in the American Traders Bank Building, 
Birmingham, Alabama. 

Delta-Star Buys Foimdry.—H. W. Young, president of the 
Delta-Star Electric Company, Chicago, announces the purchase 
of the buildings and equipment of the Howard Foundry and 
Pattern Shops with which be combined the present Delta- 
Star foundry. This addition to Delta-Star’s foundry facilities 
will insure adequate production of copper, aluminum, manganese 
bronze and brass castings. 

Century Electric Acquires Roth Bros.—The Century 
Electric Company has purchased Roth Brotiiers <& Company, 
Chicago, m., manufacturelrs of motors and generators and motor 
generator sets. While Roth Brothers & Company will be oper¬ 
ated as a division of the Century Electric Company, some of 
its products will now be manufactured in the Century Electric 
Company’s plant in St. Louis. The acquisition of Roth Brothers 
& Company will result in broadening the Century Company’s 
already influential position in the electrical apparatus manufac¬ 
turing field, by supplementing its line of polyphase induction 
industrial power motors and its line of single-phase motors in 
which it has pioneered, and which have contributed to 
making possible the rapid development and popularity of the 
household refrigerator and many other widely used devices. 

Manufacturers Join NEMA.—^Fifteen manufacturing com¬ 
panies have joined the National Electrical Manufacturers 
Association and are affihated in eleven sections according to an 
announcement from NEMA Headquarters. The manufac¬ 
turers and their section affiliations are as fqjlows: 

W^ire and Cable Section: Gavitt Mfg. Co., Globe Insulated 
Wire Co.; Carbon Are Lamp Section: A. S. Aloe Co., Hibner 
Electric Co.; Switchgear Section: Line Material Co.; Molded 
Insulation Section: Mack Molding Co., The Recto Mfg. Co., 
Union Insulating Co.; Lamp Receptacle and Socket Section: 
John I. Paulding, luc.; Eleotrie Measuring Instrument Section: 
Standard Transformer Co.; Laminated Phenolic Products 
Section: Synthane Corp.; Rigid - Conduit' Section: Walker 
Brothers; Carbon Section: Pure Carbon Co.; Electric Range and 
Heating Section: Automatic Electric Heater Co.; High Voltaige 
Insulator Section: Porcelain Insulator Corporation. " 

Colleges Represented in the General Electric Company. 
More than 4400 college graduates, representing approximately 
215 American universities, •colleges and technical schools, are in 
the employ of the General Electric Company. The figures in¬ 
clude only thos^ who completed a course for a degree. 

In training, the classification includes: Electrical engineering, 
3278; mechanioal engineering, 529; civil engineering, 71; chemical 
and ceramic, 132; metallurgical, mining and physics, 63; aeronau- 
tieal, radio and marine, 12; general engineering, 142; scientific, 
98; hberal arts, 272; business administration, law, etc., 178. The 
tOTm “geaeriQ engmeering” injjludes administrative, agrioultuxal, 
arohiteotural and industrial engineerir^, and U. S. Naval 
Academy engineering. 

By departm^ts, the college graduates are classified as follows: 
^tnot offices, 1062; general office oommercial departments, 
349; general office oommerdal engineering departments, 197; 
endearing and drafting, apparatus works, 1167; manufac¬ 
turing, apparatus works, 620; general enmeering and Soheneo- 
tady laboratories, 200; general manufacturing, 27; general 
accounting, 139; other general administrative departments, 66- 
mer^andise department, 43; eleotrieTrefrigeration department, 
84; Intematwnal General Eleotrie Company, 179: incandescent 
lamp department, 333; and first year test men at ^eneotady 
elsewhere, 449. 
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Interrelationship of the Institute ^ 

and the Individual ‘Member. 

A MONO the various objects and functions of the American Institute of El^tric^l 
^ Engineers, the following are definitely stated: "the advancermnt of the theory 
of electrical engineering and the allied arts and sciences, the maintenance of high professional 
Standing among its members and the development of the individual engineer. 

Founded forty-five years ago, almost as a local organization naturally c^nteri^ 

New York City, where it found membership with which to gather strength for the great 
future it had undertaken, the Institute nevertheless was small and feeble ^5* 

influence although definite in its ultimate purpose as evidenced by the above statement. 
During the first fifteen years of its life, when it had not yet attained a total memb^hip of 
three thousand—less than the membership of each of several of its present districts it laid 
much of its present foundation. 

As a result of adherence to these three fundamentals, which are here emph^ized, the 
Institute’s activity, prestige and personnel have developed until for a long time it has been 
SSin wi* membe'ship now approacWng tw«y 

of these purposes, but few of the many means employed to th^e ends rnay 
here- the Transactions, the Journal, sections, branches, national conventions, regional con- 
JeSions! tXkal and other committee work, etc., etc. It is believed that the Institute has 
always been as effective in carrying out these three principles as ^ts r^urc^ would permit 
and has, in general, been notably successful in the accomplishment of the first two. 

In recent years, with increasing resources, there has come to be realiz^ with grater 
understanding^ the importance of the third element, namely,— the development of the 
individual engineer.” In recognition of this fact, we have our improved district, s^tion and 
branch organizations, regional conventions, etc.,—all movements in the direction of y‘ § 
the Institute life and support as a national organization to sections or branches within a 

reasonable radius of the individuol wherever he may be located. 

The result of this effort on the part of the Institute to go to the individual memlrer is 
indicated in the annual report of the sections and branches presented at the Sunder Con- 
vmtion at Swampscott, which all should read in order to apprwiate the scope move¬ 

ment * This line of action must be further emphasized in order fully to achieve its important 
function in “the development of the individual engineer. 

It requires experience in the activities of a professional organization for any person to 
adiust himself to that body so that he can fulfil his obligation to his profession through fus 
contributory endeavor, and, in turn, assure for himself that valuable personal development 
and benefit which should be hlfe. First, come personal friendship ^d broader acquaintance 
shiP^nong his fellows. Second, come that professional contact, breadth of underetandmg 
1 m^ human and technical, and recognition which are sure to follow honest effort in these 
directions. It is for each man to avail hiiraelf of, or create, opportunity for such service. 
He owes it to himself as well as to the Institute. „ 




president 


*See Section and Branch Activities^ page 647. 















Some Leaders * 

of the A. I. E. E. 

PiSS I>owmng, Vice-President in Charge of 

Operation for the Pacific 
Gas & El^tnc Company, San Francisco, California, 
and Vic^President the Institute 1925-1927, wa^ 
bom in Newark, Slissouri. He was graduated from 
g-^mar school in 1889 and in 1891 had the 6%!^ of 
. S. TOnfemed upon him by Washington College 
Thereafter he entered Stanford Univereity, from whL 
he was ^aduated with the degrees of A. B. and E. E. 
he pioneer class of 1895. During his college career 

" all ^°o*ball team 

?n 1894 L^h w of team 

n 1894, with Herbert Hoover as treasurer. He was 

sSrH Jf keen as President of the 

Assoaation-an office which he has 
h^ for three consecutive terms ending with-the current 

^duating from college, Mr.. Downing was 
mplo^ at first by the Tacoma Light & Power Com- 

1896 he left this concern to better his position by be¬ 
coming Asastant Motor Inspector and Powerhouse 
Oper^r of the Market Street Eailway Company of 
San ^dsco In 1897 the Blue Laki WaterTom- 
p^y began the operation of the old powerhouse at 
Blue I^es City, Califorma, and the promoters offered 
him the Poafion of Station Superintendent, which he 

accepted. Thm was one of the firat hydroelectric plante ' 

1800 kw.j opiating at 10,000 volts stepped-up from a 
generated voltage of 2300. upiroma . 

^agmtSe^s'J^^^ ^ 

: In 1900 he became Chief Electrician for the Standarri r 
Consolidated Mining Co. at Bodie, California. S 

he installed the electric V 
distribution system, rebuilt the gas works and rr^ ^ 

agedbothbranchesofthebusiness ’ 

Ba^® Division Superintendent of the oi 

f San Francisco, and 

1903 the Cahfo^a Gas and Electric Corporation and H 

■te racceKor, the PacMc Md Beet* ComiC ” 

. which was a mergw of a number of affiliatad Pr>r«TW^’ 

mcludingtheColusaGasandElectricCoi^^auyaSdthl ll 

B^y Counties Power Company made him its n 

mtendent of Substations and Operatinv 

Ute m 1908, he became Z 

AlSMhewMmadeaVice-Eresidentofthecompaiiy, ^ 
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in charge of electrical operation, and shortly thereafter 
WM given the title of Vice-Prudent in Charge of 

“ «■» 

la. In tiifs capacity he had direct charge of the construo 
tion of the Pit No. 1 and No. 3 plants, (together S 
»m the tunnels and diversion dams), and the Pit No 4 

re tower lines from 

er i, ^®^^keuse capacity of approximately 285,000 kw 

m kis direction, and at the present 

time he is actively prosecuting work on the 330-ff- 

S ‘i 

River, which, when oompleted, will be the largest 

e structure of Its kind in the world. Thedam,wiSe 

^ proposed powerhouses, canals, and transmission lines 
wi mvolve an expenditure of over $36,000,000. * 

ky'k-oelectric developments of the 
® f Company, Mr. Downing has 

_ charge of the steam-electric stations, and has just 

^ 1 «' • “ Station “C,” (Oak- 

5 la preparing to install in Station “A " 

(San Franasco), two 50,000-kw. units with, boilers to 

. operateonl400-lb. pressure. Mr. Downing i7^ £ 

. of aU the steam heating, rater disWbntion and 

j railway properties of his company. 

^ At the convention of the Pacific Co^t Electrical 

^dp?t°SA° June 1928, he was.elected 

President of the Association for.the ensuing ye^. 

. jotoed the Institute in 1898 and during 1927 

Its Vice-President for the Eighth Disfeict. ^ 

hfc. Downing is the author of a number of naners 

tofcLt Hewasapi^inted 

Proposed State Legisla- 

pSTn ^ “P®Sant 

pm m filing the proposed bill for the California 
State Legislature in 1929. . .. '^“^omia 

wSd? eSI®^ 1?® Committee of the 

Worlds Engm^mg Congress, of the U. S. Chamber 

of Comm®rce the San Francisco Chamber Sf CommercT ' 

^d of sev^ civic or^zations. He is also a member 
of ^e San Jkancisco InjJustrial Association. 

HiS vSSS'^T of the Harris J. Ryan 

wls'I Stanford University in 

if t of approximately $400,000^00 was Sade 
p ssible by donations of money and apparatus from i-ha 

Chairman of Se 

Gom^tt^ for mteresting the electrical industrv and 
Mr. Owning, bypraonS^,^ 
mtter before those whom he thought woffid hf 
SSh benefited succeeded in getting^ 

^ort^ ^toin a very 


f 
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Development of Insulating Oils 


BY C. E. SKINNERi 


Fellow. A. I. B. E. 


T he integrity of modem transformers and circuit 
breakers, which are essential features of iUl trans¬ 
mission systems, is due in no little measure to the 
]‘ngii1a. t.iTig oil now universally used in such apparatus. 
While the oil is a relatively minor p^ of these devices 
as a whole, its failure will mean the failure of the 
apparatus. This is increaangly true as the voltage 
of the transmission systems is increased. "She service 
rendered by the oil used as an insulating medium in 
electrical apparatus, is radically different from service 
rendered by oil in any other class of service and there 
are rigid requirements for oirfqr this service which do 
not exist where oil is used for other purposes. In fact, 
insulating oil may be considered a material of con¬ 
struction rather than a material of maintenance. 

The history of the development of transformer oil 
begins with the first high-voltage transmission lines 
in the early ’90s, and a continuing and increasing 
amount of research has been required from that day 
to this to meet the ever increasing demands for quality 
and service. The electrical manufacturers’ representa¬ 
tives who have been responable for the quality of the 
oil used in transformers, have faced many difficulties 
and have experienced much gnef from time to time, 
due to troubles for which the oil was either directly or 
indirectly responsible. The fact that such difficulties 
axe rare at the present time doe^ not indicate that 
furthCT ‘attention to this important material is un" 
necessary!) but on the other hand, it does indicate that 
a full knowledge of the difficulties which have been 
so disturbing in* the past and a constant watchful¬ 
ness have mitigated these difficulties to a point 
where the modem transformer ^ves perhaps less 
trouble than any other piece of apparatus in the trans¬ 
mission system. 

It may be useful to review some of the higtoiy of the 
development of ‘modem, insulating oil and to indicate 
some of the problems still unsolved, so that a full 
appreciation by those responsible for the purchase and 
use of transformer oil may be had. This history may 
be divided into various chapters, each concerned with 
the items which seemed to be^the cause of the major 
difiieulty prevailing at each particular stage of the 
development. , 

When the study was made of oil which might possibly 
be suitable for the insulating and cooling of the tr^s- 
formers to be used on the Pomona transmisrion line, 
this being the first constant high-potential transmission 
line undertaken in the United States, the study in- 

1, Asst. Director of Engineering, Westinghonse Elec. & 

Mfg. Co., Bast Pittsburgh, Pa. , r, r< a ^ 

Presented at Pacific Coast Convention of the A.*!. B. E., Sangi 
Monica, Calif., Sept. S-6, 1989. Prirded complete herein. 


eluded oils of a very wide variety. Mineral oils, from 
the heaviest cylinder oil to the equivalent of gasoline 
and benzine, were carefully studied. Similar tests 
were made of quite a number of vegetable oils, such as 
linseed, rosin oil, etc. These early tests were almost 
entirely on the basis of the determination of dielectric 
strength. In making these studies, glass contmnera 
were used, with the testing electrodes immersed in the 
oil in a horizontal position. It was observed that any 
foreign matter visible to the naked eye would line up 
between the testing electrode and materially reduce 
the dielectric strength upon the application of the 
testing voltage, and this at once showed the necessity 
for extreme care in keeping oil free from foreign matter, 
such as dirt, fibers, carbonized oil, etc. The necessi^ 
for cleanliness has been emphasized again and again 
with each major increased step in transmission voltages. 

In these same tests it was discovered that oil which had 
been heated in an oven for a considerable period had a 
much higher dielectric strength than the average oil 
deliveredfrom the oilmanuf acturer. There is, of cour^, 
the age old tradition that oil and water will not mix, 
but there seemed no possible explanation for this 
increased dielectric value of the oil other than that it 
was due to the elimination of moisture, and tha^ oil 
was subject to the same difficulties in this regard as most 
of the other noaterials of insulation, which at that tiine 
had already begun to be studied in considerable det^. 

To test the theory, (which from the ancient tradition 
seemed more or less absurd) that moisture was re¬ 
sponsible for the low dielectric value of many oils as 
delivered, and their changed value on continued heating, 
the following test was made: 

Extremely small amount of water in in(aeasing quan¬ 
tities was added, each addition being a fraction of a 
drop per gallon of oil, the oil being very thoroughly 
agitated after each addition. This gave undoubted 
evidence that very minute amounts of water in the oil 
would, cause radically decreased dielectric strength. 
This has been checked again and again during the intor- 
vening 36 years and more drastic precautions have been 
found necessary from time to time as the voltage of 
transformers has been increased. In fact, it has been 
found necessary to go to the precaution of trea,ting, 
not only insulation of the transformer to eliminate 
moisture, but the whole structure, iron-core frame, etc., 
and to see that the oil which is introduced, especially 
in transformers for the higher tension is, as we now say, 

absolutely dry. . 

The method of drying oil in the early sta^ of the 
t ransf ormer oil development was accomplished by 
giving it an extended heating^at moderate temperature; 
but, it was later found that although the temperatures 
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used were relatively low, sufficient oxidation might be 
started to affect the endurance of the oil against sludg¬ 
ing in service. This lead to an investigation of other 
methods of drsdng and cleaning the oil, and this is now 
accomplished by various filtering and centrifuge 
processes. The requirement is that all suspended 
matter and all traces’t)f moisture be removed. This is 
a difficult matter, due to the fact that while the ordinary 
refining process results in practical elimination of ^1 
free water the final moisture to be removed is apparently 
in solution in the oil. 

In the early construction of transformers, the enclos¬ 
ing cases were frequently made of thin material with 
deep corrugations and with wooden tops, these wooden 
tops being used for giving added insulation to the out¬ 
going leads. After experience with a nvimber of dis¬ 
astrous fires with constructions of this kind, thb under¬ 
writers demanded oil having the highest possible flash 
amd fire test, consistent with satisfactory transformer 
operation. As a result of this requirement, new studies 
were made and heavier bodied oils adopted. At the 
^ same time, attention was given to a better mechanical 
structure for the transformer cases. The use of this 
heavier oil resulted in more sluggish circulation and 
consequently poorer cooling, and apparently little or 
no decrease in the fire hazard so far as the oil itself was 
concerned. Soon aJfter this change was made, a new 
and unexpected phenomenon appeared and this phe¬ 
nomenon is now generally denominated as sludging. 
This has been perhaps the most difficult matter to deal 
with that has arisen in connection with transformer oil. 

It was soon discovered that a lighter and more fluid 
oil was in general less subjeettosludpngthantheheavier 
oils adopted to minimize the fire hazard; but the adop¬ 
tion of these lighter oils merely minimized and did not 
, cure the sludging trouble. As the units became larger 
and service more difficult, the sludging trouble increased 
to a point where transform®' manufacturers and users 
found themselves in more or 1^ continual trouble, 
and very extended studies were made to determine the 
cause and cure of sludging. 

To date, however, no oil has been found which will not 
deposit sludge if the conditions of its use are sufficiently 
severe. By very careful selection and by eternal vigi¬ 
lance on the part of the oil refiners and the transformer 
manufacturers, oil has been produced which under all 
modCTn operating conditions is sufficiently free frqm 
sludge to give satisfactory service. 

Unfortunately, no test has yet been devised which will 
'' quickly determine whether or not oil will be free from 
sludging in service, although an enormous amount of 
esperimental work has been done and many tests have 
been proposed and used. This question has been 
considered of sufficient importance to warrant the co- 
operatiop of all the nations inter^ted in the production 
and use of transformer oil to determine, if possible, a 
satisfactory sludging test. For this purpose, and work¬ 
ing through the International Elecirotechnical Com- 




mission, duplicate samples of oil have been submitted to 
laboratories of half a dozen or more coimtries and ex¬ 
tensive tests have been entered into for this purpose. 
At the meeting of the International Electrotechnical 
Commission in Bellagio, Italy, in October 1927, the 
report of the various committees and laboratories which 
have been working on this question for two or three 
years, was to the effect that the various tests were 
conflicting in that^one test might indicate that a given 
oil was satisfactory, while another test just as strongly 
defended, might indicate this oil to be unsatisfactory. 

The reralt of this meeting showed that additional 
work must be done in order to determine which of the 
half dozen methods now more or less used would be the 
satisfactory one to evaluate oil with regard to its 
sludging characteristics^ or whether an entirely new test 
must be devised. To date, the only safe procedure 
which has been found has been that of very careful 
laboratory tests combined with extended service tests, 
in many cases of several years, to bring the assurance 
that oil used would showaminimumofsludgingtroubles. 

In the meantime, the oil refiners and transformer 
manufacturers, and some of the users of transformers, 
have been making continual studies, both as to the 
cause and elimination of sludging troubles, and for the 
securing of oil that would be free from this trouble and 
would meet all of the other rigid requirements for 
transformer oil to be used with the highest voltages. 

Through a pure accident, discovery was made fairly 
early in the study of insulating oil to the effect that free 
sulphur would very greatly impair its insulatiqg-'value 
and much study was given at pne time to the effect of 
both free and combined sulphur in minute qu^tities in 
insulating oil. In like manner, the residual acids from 
the refinery treating and other effects of processing 
the oil, had to be studied with each change in the 
refining process to* bring about the various character¬ 
istics necessary to meet the increasingly exacting 
requirements on this material. 

The mahufacturers of apparatus using insulating 
oils, early found it necessary to establish intimate 
working relations with the oil refiners and as they were 
required to meet one requirement after*'another, the 
refiners developed a special procedure from the selection 
of crudes in the fields through the final manufacturing 
process. The characteristics governing selection at 
the wells include such items as pour point, freedom from 
wax, amount'of sulphur, etc. In some cases special 
pipe lines are used to transport the crudes selected for 
the manufacture of insulating oils to the refineries in 
order that contamination with other crudes shall not 
occur. During the preparation of the distillate by the 
vacuum process, rigid iitepection for viscosity, flash, 
and'pour point control is maintained and where these 
oils require treatment with strong sulphimc acid or 
^uivalent, special care is required to see that there is 
complete neutralization emd thorough washing of the 
oil, and this treatment is sometimes followed by re- 
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distillation in order to remove all traces of reaction 
products remaining after washing. 

The advent of outdoor transformer and switching 
stations imposed an entirely new requirement on trans¬ 
former and switch oil, namely, the necessity of a very 
low congealing temperature, or as commonly known, 
a low-cold test. Transformer oils which were found 
relatively satisfactory for the old indoor stations had a 
relatively high-cold test and consequently were not 
satisfactory for outdoor stations, particularly in cold 
climates. This requirement for a low congealing 
temperature is evSn more rigid in connection with oil 
switches, which must be free to operate at any tempera¬ 
ture which may be reached in the climate where an 
outdoor switch may be installed. 


services is very close, and that continued experimental 
work and the closest possible inspection and testing of 
oil of this class must be followed in order that the 
necessary characteristics Aay be maintained, suitable 
for all services and for all climates. The advantages 
of universal oil are so obvious that no arguments are 
necessary to justify its use. ^ » 

Throughout the whole history of the development of 
oil for insulating purposes the question of shipping 
containers and storage arrangements has been found 
to be of the utmost importance. In the early days 
oil was shipped in wooden barrels which were made 
tight by the use of ordinary glue. This led to inter¬ 
minable trouble from the glue getting into the trans¬ 
formers and other devices, helping to reduce the di- 


rirSk test oil demanded a electric ^rength and to incr^ the sludging chamcter- 

/%-F -fViQ /\il on/I fViA AirhiraTic^e of moisture 


whole new series of studies, as the general requiranents 
for indoor apparatus, such as freedom from dirt, 
moisture, and relative freedom from sludging, etc., 
had to he maintained. In all such studies it had to be 
kept in mind that there was a constantly increaang 
demand for oil and that any oil selected must be avail¬ 
able in sufficient quantity to supply this demand. 
Fortunately, oil has been developed through the co¬ 
operation of the oil refiners and transformer manu¬ 
facturers, which meets the previous requiremente, as 
well or better than any which had been previously 
used and which has a sufficiently low-cold test to be 
satisfactory for all ordinary outdoor service. 

From alffibst the beginnmg of the development of 
oil for fooling and insulating apparatus, mainly trans¬ 
former and circuit breakers, the transfomer and circuit 
breaker requirements seemed to be sufficiently divergent 
so that no single oil would be satisfactory for both 
services. Certain characteristics of these two services 
are in opposition to each other, while certain other 
desirable characteristics coindde. * For example, all 
the early tests and service experience se^ed to indicate 


istics. 'Seepage of the oil and the entrance of moisture 
were common difficulties with such containers. 

With the introduction of steel drums, a new kind of 
trouble developed. Additional dirt and scale was 
introduced into the oil and it was soon found that the 
more rigid deaning and inspection methods did not 
always eliminate such difficulties. When the use of oil 
arrived at a point where tank car shipments werp 
necessary, still further difficulties (dirt and water) 
appeared. It was not at all uncommon in the early 
days to find a considerable quantity of watw in the 
bottoms of the tank cars containing transformer oil. 
Condensation of moisture, both on the exposed surfaces 
of the cars and on the surface of the oil itself, were 
almost inevitable and im]^rfectly protected openings 
frequently resulted in additio'nal trouble. 

It had been assumed that steel drums with con¬ 
tinuous lead washers under the bungs, would be both 
proof against seepage and proof against entrance of 
moisture, but this was found not to be the case, and the 
writer of these notes is familiar with a contiderable 
number of cases where drums of oil, with bung-up 


SSt ^ to th. weather, were fo^d to «,ntain a 

X^hUrtoTtre^ormer required ae Ught an aiderable quantity ot water, when it w^aMutoly 
oil^s^ nossible ‘in order that it might have sufficient certain tha,t these drums were moistime fre® 
fluiditv under all conditions to circulate rapidly and ment. This was apparently brought abou y 

the.heat from the transformer windings and heating and cooU^ of ^^ing 

rore to the outer cooling surface. Again, an enormous temperatures, between day and night, the result g 
aSou^of was necessary to find an pressure and vacuum helping the etj^ce of water 

oil which would meet both these services sufficiently at the bung when this would be covered by ram w . 
wPlUo ffiat utilities would not be required to carry two The oil refiner has accomplished, therdore, only a 

or tee Uiee ut transfomer oil and oneeirmoregrades of his n«w 

reirmift Waker oil. Several years of laboratory the proper grades of oil. These must be so nanaiea 

and field tests were carried on before there was sufficient after preparation as to dehver them in the cleanest 

rsoTifidence on the part of the electrical manufacturers possible condition to the ultimate coiuumer. Amoun 
ffiSr matog a p^ that an oil of contamination,which would be in^n^uential in 

iJ^SaWrin S had all the nece^ lubricating oils will cause no end of trouble m trans- 

' + wpll fulfilled to iustify the former oils, so that an entirely new scheme of prepara- 

ZnTthjSrStion of pa^kngss snd Unes of special conWnm 
TtalaHS wSk in tra&fomcto a.d been found necessary. contain^ returned to 

all moating n g refiner must be most carefully inspected and put in 

“T^'lSound that the balance between the two such condition that it will not cause any of this con- 
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tamination. The removal of rust and traces of foreign perienced with some high-voltage circuit breakers, 
matenals which have been stored in the containers, and each containing over 3000 gallons of oil. The oil in 
every other kind of contamination must be absolutely thisparticularcase wasnotthestandardusuallysupplied 
removed, or the conlmner is rejected and many re- by the manufacturer. As a result of the difficulty the 

Sni? ^ ^ completely replaced in an outdoor installa- 

iner.o f t ^ clcamug and tion in severe weather, and in the final investigation the 

contemere, and the time of filling with trouble was traced to faulty manufacture of the oil 
mini^m^^””^*^ sealing must be an absolute and to sloppy methods in its handling. 

Pi.oT, »ii * 1 .., -vi .. It was early seeif that some sort of cleaning and drvinir 

Dracri< 5 P nf matin • precautioM taien, the apparatus was essential in connection with the u.se of 

Ster allowing a suitaWe in dru^ oil in some quantity as is required in the average power 

i ^ th™aZ;„frc™lS 

thp hiicmi.cc T+ j_ i_„.ne early ^ages of and is now quite generally used, is thaf. nf fhn iic/» r.r 


• VI uLic wAiLauici la icjccueu etna many re¬ 

jections occur in the inspection of such returned con¬ 
tainers. The time between the final cleaning and 
inspection of contai^rs, and the time of filling with 
the transformer oil and sealing must be an absolute 
minimum. 

Even with all the possible precautions taken, the 
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containers under such control as to insure against the manufactured and very specific 
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^pped with the specially designed fittings which have weaker designs to aid in eliminating the diffi- 
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portion Of the tin containers in order to insure that th^ ^ ^ greatly increased its tendency 
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• can l» assured. With th^ cai^ is nSiw **r*^°“ universal ofl, amo^ the '^th the 

a% dry them out before filling is started L ^ ®°®® “to the modem eaiimi^**f^fdevices 

tins <^pMution to maintain the ^ ^'^t durmg tion, transmission anw ®Wment for the produc- 

t“® ^ nuMsture in the oil in the car<! ®ontamma- together with the oil breaker manufacturers. 
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Population as an Inde^c to Electrical 

Development 

BY N. B. HINSON‘ 

Member, A. I. E. E. 


I N making plans for the future in the electrical 
utility business it is necessary to make estimates 
of future growth. Various methods have been 
used. The usual method is to plot growth of one kind 
or another against time. This gives an upward curve 
which is difficult to, project mathematically and usually 
is misleading if projected ahead more than two or 
three years in a rapidly growing territory. In the 
electrical utility field various values have been plotted 
against the number of consinners or meters. This is 
all right for past data but for the future the number of 
meters or consumers would have to be estimated and 
this would depend upon the increase in population, 
especially if all the present population now had service. 

This led to the use of population as the abscissa 
rather than time or consumers with any of the values 
desired as ordinates. This gives a straight line for 
practically all present values and the future is a straight 
line projection with a simple formula. The lower end 
of the line does not usually cross both zero points and 
riiis fact gives the changing values per unit of 


population. 

The various values at the very beginning of the 
industry do sot give the correct trend as only a small 
numbpr of people had service, but the business is now 
and h^'been for the last ten or fifteen years developing 
very uniformly and consistently and these later values 
give the correct past trend. 
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Fig, 1 —PopTJLATiON Served Direct by Sccthern 
California Edison Co. 


Population for the past, at least uji to the last 
census date for any dty, town, or county, is easy to 
obtain and in many locations accurate primates up 
to 1928 are available. However, when it comes to 
projecting these values for ten or fifteen years into the 
future quite a problem aris&, particularly in rapidly 

1. Southern California Edison Co., Los Angeles, Calif. 

Pre 80 nted at Pacific Coast Convention of the M, E., Santa 
Monica, Calif., September S-6,19S9. Printed eompleU herein. * 


growing territory such as is fou*i(^ in numerous locar 
tions in the United States. 

Raymond Pearl in his book, “Studies in Human 
Biology” has developed a theory of population growth 
wljich gives a curve of population for various cities 
and countries that describes past growth with great 
precision and fidelity, and predicts future growth in a 
more satisfactory manner than the usual method of 
projecting ahead with the same percentage increase as 
the place under consideration has ha<^ for a number 



Pig. 2 —Totau Population Sbhvnd bt Southeen 
California Edison Co.—Including Wholbsalb 


of years back. This type of curve Mr. Pearl calls the 
“Logistic” type curve though it has come to be known 
in our territory as the “Fly Curve”, from one of the 
experiments he performed and describes in ah article 
entitled the “Biology of Population Increase.” 

The population curves used for the territory which 
will be described were compiled from the census data^. , 
for 1900, 1910, and 1920, and from estimated values * 
of various Chambers of Commerce, Local and State 
Officials, Statistical Bureaus, etc., for the years 1921 
to 1928. These curves were then projected ahead 
from the known data, the rate of growth, according 
to Mr. Pearl’s conclusions, decreasing as the saturation 
point is approached. See Figs. 1 and 2. 

The ^stem on whidi these studies have been made 
is that of the Southern California Edison Company 
serving in Central and Southern California. South^ 
California, in which most of the small towns and cities 
are located, is one of the fastest growing co mmuni ties 
in America. More than 99 per cent of all the houses in 
the territory covered have electric service and this •* 
value has been more than 90 per cent for ten years. 
Also the Southern California Edison Company supplito 
62 per cent of the total kilowatt-hours cUrect to their 
own retail consumers, and 38 per cent wholesale to otho" 
companies and cities for redistribution and to the 
railways. 
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In considering gross revenue, kilowatt-hours gener¬ 
ated, and kilowatt peak, the total population in the 
territory served direct and indirect were used, and for 
horsepower connected, nunit)er of meters, and system 
betterment budget, the population served direct was 
used. These are illustrated in Fip. 3 and 4. 

As will be seen, ‘the population served is plotted 
uniformly and the date at which so many people 
were in the territory, or it is estimated from the popu- 
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Fig. 3 —Tot.4.1i Kw-Hr. Generated Tbarlt—Uniforu 
Population 

lation curve will be in the territory, is set opposite 
that number of people. The values of kilowatt-hours 
or horaepower or whatever is being plotted are set 
opirosite the year in which they occurred. These points 
lie in such a position that in all cases a straight line 
^n be drawn through the group, and this line pro¬ 
jected ahead gives values for the future. 

Since the values for the future are dependent on 
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The foregoing are all with regard to the system in 
general and assist in forecasting so far as genomtion 
and transmission are concerned. A study was niude 
of the load on small stations supplying cities and towns 
so as to* be able to forecast the transformer capacity 
necessary in the future, particularly when new stations 
are contemplated so as to install transformers that 
will not have to be changed within a year or two. 

These studies w&re started on a load density basis of 
kv-a. per square mile. These studies were made on 
ninety cities and towns in Southern California, ranging 
from 15001;o 150,000 in population,*^ the average being 
10,000. The original study was made in 1925. This 
same study was made for the year 1928, using seventy 
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cities which are incorporated, and on which it is po.s,si- 
ble to get a fairly accurate estimate at this time of 
population. 

The maximum W-a. demand for the ypar 1928 was 
used and the area in square miles of the developed 
territory, that is the territory actually built' up in- 
cludmg all vacant lots. This"’gave a value of kv-a. 

frorn 270 to 

2700. There seemed no logical relation between area.s 
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times the developed area in square iniles give the peak 
demand. This has been applied to several cities for 

which the data areavailableforfive or tenyears in thepast 
and they check very satisfactorily. These apply only 
to a unit city; if two cities have combined ^d each 
had its own business district the combined city will 
give values of kv-a. per square mile that are too high, 
that is a city of 25,000 people developed as a unit has a 
greater load density per square mite than two cities 
each of 12,600 combined as one dty. This system of 
future peak load projection has been used to set up 
the probable demand for all cities five years in the 
future. There has' been some increase in the kv-a. 
demand per square mile during the last three years 
for any sized city so that it will be necessary to check 
these data again after the 1930 census. However, it 
gives a fairly accurate check on the probable future 
demands. 

Fig. 8 shows the peak demand of the various cities 
plotted against the population. This value has been 
increasing yearly due to the increased 'use per capi'ta 
of electric energy; it was 110 kv-a. per 1000 people in 
1920, 125 in 1925, and 150 in 1928. For the smaller 
cities the peak demand is higher due to less diversity 
of load. This is also seen in the kv-a. pa* square mile 
being lower for the smaller cities as the development 
is not as imiform as the larger cities. 

For making forecasts for the future no hard and fast 
rules will apply and all these means are used to check 
from as many angles as possible thq^ future value. The 


be deter*lnined. These values change fmm year to 
year but only slightly and thesd changes can be 
determined. 

These data would not Be the same in ■various parts 
of the country as the saturation is different and the 
character of the territory is different. Such 'values 
worked out for _a particular tStntoiy enable fairly 
accurate estimates to be made of many of the factors 
entering into its electric utility business. In a terri¬ 
tory in which practically every house has electrical 
service and has had for a period of approximately 
ten years, the 'various factors are perhaps more nearly 
related to the number of people in the city or territory. 

This S 3 ratem of using population as a means of deter¬ 
mining values of electrical development has been of 
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great assistance in a rapidly growing territory and h^ 
enabled the mathematical determination of values in 
the future which otherwise would be pure guess work. 
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ANNUAL REPORT OF COMMITTEE ON AUTOMATIC STATIONS* 


To the Board of Diredms: 

Introduction • 

This terminates the second year of the existence of 
i^is committee. The field of action in which this 
relatively new eonamittee finds itself is so" broad and 
has so many inviting by-ways that it has been difficult 
to outline the work. The engineeiing in connection 
with the application of automatic control is so fascinat¬ 
ing as to result in so many new ideas being steadily 
developed that the fundamentals are sometimes almost 
overlooked. It is indeed amazing to realize the changes 
in ideas which occur in this branch of the industry in a 
single year. This committee attempts in the following 
report to outline some of the development and offer 
suggestions which are intended to benefit this branch 
of the industry. 

Scope 

The scope of work of this committee covers auto¬ 
matic and partially automatic generating stations and 
substations, the committee having complete jurisdic- 
^tion over all apparatus associated with such stations. 
In addition the committee has jxirisdiction over sys¬ 
tems of remote dispatching, control, indications, etc., 
associated with the industry. The committee is in¬ 
terested in the dissemination of the knowledge and 
experience already gained in the design and operation of 
such equipment and combinations thereof, in order that 
this branA of the industry may bemore fully devdoped. 

Economical Construction 
The developments of the year indicate a general 
tendency to take advantage of the economical constnjc- 
: tion possible with the use of automatic stations. It is 
8^ hard to realize the radical difference in station 
/•’ arrangement and set-up between the old firmly rooted 
manual system of operation and modem automatic 
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operation. We are beginning to see, however, that the 
presence of a human mind and body in the manual 
station had a marked effect on station arrangement and 
that mechanical and electrical things were done solely 
becaxise of the safety, comfort, and convenience of this 
human presence. Automatic control has all but elim¬ 
inated this hiunan body and has moved the mind from 
the station to the office of the engineer. 

It is believed that one of the most radical and eco¬ 
nomical changes in station arrangement has been the 
elimination of the continuous switchboard. When 
this is studied it is found that there is no longer a neces¬ 
sity for assembling all of the control wiring from remote 
parts of a station at one point at the expense of thou¬ 
sands of feet of wire and conduit just to produce a 
switchboard assembly that makes a nice appearance. 

The above is particularly true in a-c. substations 
and hydro-station applications where the details of 
contiol can and properly should be located as near the 
equipment controlled as is consistent with good fire 
protection and safety. It is now becoming common 
to see control panelslocatedin variousplacesthroughout 
a station close to tte equipment controlled, thus saving 
considerable in wire, conduit, and hazard. 

Anothm: saving has been realized from the reduction 
in size anrf in some cases the pomplete elimination of 
heating plants. 

Ventilation has also been reduced, as in many cases 
a considerable amount of air was required dV^andabove 
that actually required by the station apparatus for the 
comfort of the operating employes. 

The problem of statidh location has been eased some¬ 
what by the advent of automatic control as stations can 
now be locate in places where it would be almost im¬ 
possible to keep operating men on the job'on account of 
the absence of what might be considmed the proper 
amount of daylight, pure air, water, etc., necessary for 
the continuous maintenance of human beings. 

. Research and Development 

Research during the past year has brought forward 
m^y improvements in detail apparatus which are 
contiibutbig much to simplify the problems of applica¬ 
tion. Careful analysis of operating records disdosed 
the need of more simple means {orXhe adjustment of 
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equipment to meet a wide range of applications, par¬ 
ticularly for the calibration of relays. Much has been 
done in this connection with the result that not only 
have improvements in relays simplified lyatters of 
calibration but by extending the range of application, 
the number of tsrpes of relays required has been reduced, 
thus greatly simplifying routine inspection and main¬ 
tenance. 

Simplified and improved supeiylsory control and 
remote metering systenas have been produced as a 
result of experience with several very successful schemes 
in numerous applications. 

Some work has been done in the development of de- 
vicesforrecordingoperations, quantities, etc., on charts, 
but this appears to be one^of^the weakest points in 
automatic development. There are devices available 
for recording almost anything desired but either they 
are insufficiently reliable or their cost is prohibitive for 
extensive applications. 

Simplified schemes of control for the automatic 
switching of rotating apparatus looking toward reduc¬ 
tion in the number of moving parts are being tried out. 
The economics of application are being given a great 
deal of study. On a number of metropolitan street 
railway properties, the items of power consumption 
from the generating stations to the car wheels are being 
carefully analyzed. Operating voltages best suited to 
given operating areas will be selected and means for 
automatically or remotely controlling the substation 
apparatus for proper adjustment ^ of the voltage to 
operating conditions will be provided. 

Operators and careful analysis of operating results 
are the sources of information which will enable the 
manufacturers to develop new and improved equipment 
and to this end, it is urged that systematic and well- 
kept records be made available on operation, inspection, 
and maintenance. Well operated stations are the 
proving grounds and as essential to progress as the 
laboratory. 

Operating Reports and Inspection 

The predecessors of this committee have stated that 
the art» would advance much more rapidly if more 
operating engineers would avail themselves of the op¬ 
portunity at Institute meetings to tell of their individual 
experiences, through papas and taking part freely in 
discussion. Your present committee wishes to empha¬ 
size this and add an invitation to correspond freely with 
the members of this committee on subjects of interest to 
the followers of the automatic art. It is felt that in this 
way the annual reports of this committee will be made 
more representative. With this idea in mind your 
committee has this year salt out questionnaires at¬ 
tempting to gather operating, maintenance, and inspec¬ 
tion data from a wide field of experience, covering a 
variety of applications. • While these qtiestionnairas 
may be considered a burden by some, this committee 
feels that a great many engineers are vitafiy interested 
in the subject and are willing to furnish the data 
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requeste*^ to the end that the art may be more univer¬ 
sally applied and incidentally improved. Some answers 
to the questionnaire have been received but not suf¬ 
ficient to present a recapfiulation in the pages of this 
report. This committee intends to turn this partly 
finished work over to its successors with the earnest 
recommendation that they carrjf^ifc forward. 

Inspection and maintenance of automatic plants may 
be catalogued into two general classifications, equality 
and quantity, depending entirely upon the continuity 
of service expected and demanded of the automatic 
plants, and by the individual managements. 

The word “maintenance” is used advisedly in view 
of the fact that inspection and maintenance are so 
closely allied at times as to be almost inseparable. 

The o^d phrase, “getting out of a thin'g what you put 
into it” is exemplified in automatic station oporation. 
However, the curve of failures of equipment to function 
plotted against dollars spent on inspection and main¬ 
tenance, is not at all uniform, cost ratioincreasingmuch 
more rapidly as the number of failures declines to the 
zero point. This point is clearly illustrated by a 
member of the subcommittee, and a pioneer in the 
automatic operation of a large metropolitan systeiil, 
who states that two extremes are possible in automatic 
substation operation, under inspection and mainte¬ 
nance, and ova* inspection and maintenance. 

A plant may be used for such a test, little oy no 
inspection and maintenance being given during a pre¬ 
determined period of time, observing the number of 
failures occurring, with their causes. By taking this 
number of failures as the unit, one hundred for example, 
and increasing inspection and maintenance, the failures 
will dimiTiiah rapidly to a point whereby 90 per cent of 
the one hundred will have been eliminated during an 
equal time period. At this point, inspection and 
maintenance can be doubled? with the resulting effect of 
the elimination of only a few of the remaining ten 
failures. A happy medium between the two extremes 
is therefore logically assumed the most economical 
method of operation. 

Past and present experience as reported by the 
various operating engineers, seems to disclose the fact 
that to function properly, automatic equipment should 
be given casual and periodical inspections. These 
inspections vary according to the needs and conditions 
of the individual installation, and the severity of sa- 
vice. The casual inspections on metropolitan systems 
as reported, axe made as often as two hours apart 
during the heavy hours of the day, and two or three 
days apart on othei; systems and conditions. 

These inspections , usually consist in observing the 
functioning of equipment in service, overheated con¬ 
tacts, graphic chart clocks for time, inking, bearings, 
overheating, ventilation, etcs For stations outside of 
metropolitan districts, the casual inspections are like¬ 
wise reported as being made daily on some systems, and 
wefkly on othos, ranging in the avo'age of two or three 
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times a week, with a tendency to make fewer inspections 
when the stations are equipped with supervisory con¬ 
trol. The actual time required to make a casual in¬ 
spection is much less than the traveling time. 

A startling fact was disclosed when only about half 
of the 23 engineers replying to the questionnaire indi¬ 
cated that they foljowed any prepared method in in¬ 
spection and testing but relied upon the field man 
entirely. It followed that in these cases no form was 
provided on which the fidd man could accurately 
report. Results from such a method must surely vary 
with the character and temperament of the inspector 
and cannot possibly be conducive to good operating 
and service results. Many of the replies, however, 
indicated the existence of very closely prescribed test 
and inspection methods along with very complete 
records including very‘comprehensive classifications of 
device failures. That sort of practise, if universal, 
would most certainly pay dividends to the industry. 
This year’s committee ^ become so intensely in¬ 
terested in this subject that the thought has occurred 
to attempt the standardization of test and inspection 
methods, forms, and failure classifications. It is felt 
tjiat with standard forms in use this committee could 
be made a clearing house for much valuable information, 
thus permitting the designing engineers to profit by 
the mistakes of otiiers as well as by their own. 

In order to implant the thought we are herewith 
submitting a suggested form. 

STANDARD AUTOMATIC SUBSTATION 
TROUBLE FORM 

Date_19_ 

_Station No._ 

Device Which Failed_ 


Machine, Transformer or Olrcuit Number. 


Nature of Failura 


Cause of Failura 


Consequences.- 


How Remedied..... 


Located By:._Repaired By:_ 

Unit Out of Service from_^_M.-To-M, 


What Load Actually Interrupted and for How Long. 


What Load Otherwise Affected and for How Long. 


Copies to: 

V OLAftSlWOATIOW _ 

a' Improper Adjustment by Mfg. _ 

□ Improper Adjustment by Owner. _ 

□ Improper Application. ^ 

□ Improper Assembly Approvals: 

□ Improper Design. _ 

□ Lack of Proper Inspection by Owner._ 

□ Defective Workmanship by Owuer. 

□ Defective Workmanship by Mfg. 

□ Unforeseen Operating Conditions. 

D Undetermined. 


By the use of forms similar to .the one herewith 
submitted, several operating companies have been able 
to detect particular devices, schemes of connection, 
etc., which persistently give trouble, and as a result 
have in^&sed the reliability of their equipment to a 
considerable degree by correcting the troublesome 
elements. One company in addition to the classifica¬ 
tion of the failures shown on the form, classifies and 
records the failures under device numbers and types. 

One of the companies sends copies of all trouble 
forms to the manufacturer of the equipment involved, 
thereby giving the manufacturer the opportunity to 
turn the e 3 q)erience into something profitable to both 
themselves and the user. 

Papers 

Six papers were presented to the Institute during 
the year on the general subject of automatic stations 
and were sponsored by this committee: 

Automatic Mercury Arc Power Rectifier Substaiion on 
the Los Angeles Raihday, by L. J. Turley, Spokane, 
Aug. 1928. 

The Aviomatic SnbstaMon—Its Relation to Electric 
Distribution Systems, by S. J. Lisberger, Spokane, 
Aug. 1928. 

Tdemetering, by Linder, Stewart, Rex, and Fitzgerald, 
New York, Jan. 1928. 

AiUomaiic Mercury Redifier Substations in Chicago, 
by A. M. Garrett, Cincinnati, Mar. 1929. 

Automatic Reclosing of High-Voltage ,Circuits, by 
Robertson and Spurgeon, Dallas, May 1929. 

Aviomatic Transformer Stations of Edison'‘Electric 
Illuminating Co. of Boston, by "W. W. Edson; Swamp- 
scott, June 1929. 

ft 

Standards 

Standards for automatic stations (No. 26) were 
adopted and issued in 1928. It was realized that in 
view of the rapid progress of this branch of the industry 
it would be necessary to revise these standards from 
time to time. A subcommittee has worked out some 
desirable changes which are not voluminous enough to 
warrant a revision of the Standards as published. 
However, this committee will add to this group of 
changes from time to time, until it is felt that it is 
worth while to present jjhem to the Standards Commit¬ 
tee with recommendations. 

* Bibuography 

With the idea that a complete bil^liography of 
automatic station literature would be of inestimable 
value to the electrical engineer, this committee pub¬ 
lished as an appendix to its report last year a complete 
bibliography up to the date of the report. A supple¬ 
ment covering literature published from the last report 

March 1, >1929, is included in the complete report as 
an appendix. Acknowledgment with thanks is hweby 
given to the Main Library, General Electriq Company, 
for this service. 
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“Synchronized at the Load” 

A Symposium on New York City 60 -Cycle Power System 

Connections 

Ik 

I. A Fundamental Plan of Power Supply 

By A. H. KEHOE 

II. Calculations of Systems Performance 

By S. B. GRISCOM 

III. System Tests and Operating Connections 

By H. R. SEARING AND G. R. MILNE 


Review op tSb Subject 

Under our modern conditions it has become a common 
experience to have certain improvements adopted as 
necessities, although at some earlier time they would 
have been classed as extreme luxuries. Electrical 
service rendered by metropolitto public utility com¬ 
panies in recent years has evolved into one of these 
necessities due to the change in customs and in living 
conditions of the American people. In the initial stages 
of devdopment, while the central station industry was 
taking the preliminary steps to establish itself in the 
commercial field, its product being expensive was 
purchased only where it could be indulged in as a 
luxury. During this period, methods of utilization of 
electrical service were very limited, being confined 
almost entirely to illumination. Such electric s^tems 
as existed were small, and the problem of their con¬ 
tinuity was not of major importance. Disturbance and 
even interruption to customers’ supply was a regrettable 
but not a vital inbidenf. Cost of energy was the prind- 
pal consideration rather than the reliability of supply, 
particularly where strong competition with other 
established forms of service was to be expected. As 
the art developed, many efforts were made to improve 
the quality of service in order to make a more salable 
product; nevertheless -some interruptions were still 
experienced and were usually considered a neces¬ 
sary evil, lyith a much improved, but less expensive 
product, other competing methods of supply gradually 
became obsolete, leaving the central station alone in its 
field with an obligation to render the best possible 
service. Then interruptions could no longer be con¬ 
sidered minor inddents. • 

Service to.districts with high-load density, such as 
the central ^rtion of cities, very soon felt the effect of 
this requirement, and the demand was usually met by 
adopting systems of distribution which would give 
reliable service although at increased expense over other 
methods of supply, which, while much less costly. 

Presented at the Summer Convention of the A. I. E. E., Swampseott, 
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could not offer the same degree of reliability. The 
infiuencjp of quality service had its effect* on the require¬ 
ments of these as well as other districts, and the entire 
elimination of service interruptions has everywhere 
been given, the most serious consideration due to tlie 
dependence of the customer on a reliable service that 
will not cause interruptions resulting in serious in¬ 
convenience, economic loss, or possible hazard to life, -y 
Also there are many new tsqies of utilization that ^ 
constantly being adopted as higher reliability with 
lower costs makes these available to all. With further 
reduction in costs, many other new applications are 
certain to arise. Thus, it follows that low-cost reliable 
service produces greater utilization which, in tim, 
makes it imperative to render still better service. 
This characteristic development is a feature of American 
life, and its counterpart in some form of material 
progress will be found to be the basis for most of the 
changes which have taken place in our modem custo^. 

In the of metropolitan central station compani^, 
the huge concentrations of power required to provide 
the services which are a necessity for the normal life, 
and business of the commuhity, make the problem of 
reliability of supply at low system costs of vital im¬ 
portance to all. 

The papers comprising this symposium present a new 
principle of decentralization of power wurces and coyer 
the investigation of a new plan of design and operation 
of a metropolitan power system. This arrangement is 
expected to provide the solution to the problem of 
reliability of supply and low system costs. The under¬ 
lying ideas have been verified not only by experiments 
oft one system but also by an extensive engineering 
analysis. Close agreement was observed^ between 
calculated and test results, and this should just^ the^, 
use of the analytical methods outlined in applpng the 
principles involvec^ to the design of other power systems. 
The fundamentai plan is described and the methods and 
results of calculations made are given. The symposium 
concludes with system tests and op^ting experience 
with the new arrangement oJ connections. 
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“Synchron^ed at the Load”—I 

A Fundamental Plan of Power Supply 

BY A. H. KEHO& 

Fellow, A. I. B. E. 
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Synopsis.—The New York 60-cycle system is operating with 
connections giving parallet^patha between generating units only at 
the load. High values of reactance result for synchronizing circuits 
between the several generating units, biU the usual values are present 
in the main energy channels between generators and load. Con^ 
nections are contrasted with two common types of metropolitan power 
systems; i. e., the *'dose linked** and ^^loose linked** systems, and 
are shown supplemental to multiple-feed network distribvJtion, as the 
principle of using separate multiple feeds from independent general- 
tors connected in parallel only at the load extends the network 


distribution system to the generating stations. In completely 
networked distribution, the 1^01206-volt mains acting as a short- 
circuit-pTOof bus, supply the only synchronizing paths between 
generators. Substatiopj busses serving radial load are substituted 
where complete networks do not exist. Calculations, tests, and 
operating experience indicate synchronizing power sufficient to give 
stability to all elements of the system not directly affected by a fault. 
Some advan&ges derived are: Increased liability of generating 
sources, lower interrupting duties on circuit breakers, and reduction 
in service voltage disturbance. 


Connections for Improved System Behavior 
HE New York City SO-cycle power system is now 
operating with an arrangement of connection 
which gives paralleling paths between* generating 
units only at the load. Each generator while in service 
on this system is described as being ‘^synchronized at 
the load.” This term refers to the conditions under 
>yhich each unit is maintained in S3mchronism, but it 
does not refer necessarily to the initial synchronizing 



FxQ, 1—SCHBKATIO CONNSOTIOKS FOB StSTEM StNCHBONIZEO 

AT THE Load 

of one generator with the rest of the system. Pig. 1 
shows a simplified diagram of the arrangement. Such 
a scheme of connections gives high reactance values for 
the synchronizing power circuits between the several 
generating unite in comparison to the values which aye 
in general use with generators also synchronized at the 
steition bus. Nevertheless, the main energy channels 
between generators and the load have reactances, in 
respect to normal capacity, of the same order as those 
usually experienced with metropoktan underground 
cable systems. Thus, while this arrangement does not 

1. Electrical Engineer, The United Electric Light and Power 
Coh New York, N.Y. 
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fundamentally affect the normal power distributing 
characteristies of the system, it does improve system 
behavior during abnormal conditions in several ways 
which are discussed in this and in companion papers.* 

•t 

Typical Power System Arrangements 

Ever since d-c. machines were first operated in 
parallel, or following this when individual drive alter¬ 
nators were first s 3 mchronized, the usual arrangement 
has been to provide for paralleling as near to the sources 
of power as possible. For a number of years, machine 
capacities and system reliability have required some 
means of obtaining increased reactance values to limit 
fault currents, and many large station bnsis.es have been 
broken up into sedtions by inserting current-limiting 
reactors. Generator leads suppl 3 nng tiie bus and 
feeders from the bus in some cases have beemsimilarly 
equipped. Such busses usually take tbe form of a 
closed loop or ring and are comx>osecr of a nuiiib^ of 
sections, each connected to its adjacent sections through 
reactances. Another scheme in use is the star arrange¬ 
ment, in which each individual bus section is coimected 
through a reactor to one common bus or star point. 
Since the qpioimt of reactance as well as its location 
in the circuit can easily be varied, many different plans 
of bus layout are in use. In general, howevCT, it has 
become standard practise to parallel generatqrs in a 
generating station as close to the source possible by 
using some plan of either the “ring” or “star” biis 
arrangement* 

Whenever systems are supplied from more than one 
generating station, it is customary to use eitha* tie 
feeders between stations to provide an extension of the 
paralleling bus, or the system is divided into districts 
whidi are normally tied together with relatively low- 
capacity ties between each district to maintain the 
system in synchronism as an aid to operation under 

-=- 9 

2. Calculations of System Performance by S. B. Grisoom. 

System Tests and Operating Connections, by H. R. Searing and 
GftR. Milne. 
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normal conditions.' With the first inentioned arrange¬ 
ment (Fig. 2), that is, with tie feeders between generat¬ 
ing stations, the capacity in several stations is used to 
supply a wide area. Therefore, it is essential that 
synchronism be maintained not only betw’Ben all 
units in one station but also between all stations. This 



Fig. 2—Schematic Connections Close Linked System 

has been designated as the close linked system. With 
the district arrangement (Fig. 3), or loose linked sys¬ 
tem, the load is definitely allocated to one adjacent 
station, wheran it is not essential that it should be 
maintained in synchronism with the remaining parts of 
the system. ‘’Assuming that the low-capacity ties will 
open properly on a major fault, this station will operate 
as an independent unit„alone supplying its particular 
district. 

Characteristics op “Close Linked” and “Loose 
Linked” Systems 

The close linked system requires high rupturing 
capacity circuit breakers, with increasing rupturing 
duty as the capacity of the system is increased. The 
fault protection .is complicated, and positive back-up 
protection is difficult to obtain in case the primary 
protection fails. During system faults, service voltages 
are subject to* excessive drops due to concentrations of 
current at the fault. Finally, the entire system service 
is at stake in case of a series of major faults. 

On the other hand, the loose^linked system by sub¬ 
division of the load, eliminates the likelihood of an 
entire system shutdown, but it does incrdhse the prob¬ 
ability of intasTuptions to each district. In addition, 
each station must have some efficient units if economical 
results are to be obtained. This system, except at 
district border fringes, cannot obtain the economies 
and reliability from diversity of a multiplici'^ of 
sources of supply. In other words, the loose linked 
scheme postulates that a power system c^ become m 
large that it is either economical, or imperative, w 
divide it into a number of sep^te districts power 
systmns in order to obtain reliability. 


Investigation of the rdiability of both the above 
systems made it appear that a generating station bus 
system providing parallel synchronizing paths would 
result in increased reliability to either a close linked or 
a loose linked system, with either ring or star bus plan. 
However, such an arrangement increased the switch 
rupturing duty and the voltage disturbances on system 
faults. Furthermore, it did not simplify the protection 
problem. 

In 1924, following two years’ experience with the 
Manhattan multiple feed a-c. network system, the 
author proposed for maximum reliability to operate 
each generator in parallel with remaiij^ng generators 
only on, the low-voltage network.® This system uses 
the load points as a short-circuit-proof paralleling 
bus for all the units which are “synchronized at the 
load.” In • applying the principles established by 
experience with multiple-feed low-voltage network 
distribution to a group of generators multipled only 
on a low-voltage network, it was assumed that if the 
system were stable, the following desirable conditions 
would result: (a) highly reliable sources of supply, 
since they were not affected simultaneously by faults; 
(b) positive back-up fault protection; (c) minimum 
fault current concentrations; and (d) minimtim service 
voltage disturbances. The definite evaluation of .the 
synchronizing power available and of the amount neces¬ 
sary to keep sufficient generating sources in step to 
supply the load under all conditions of system faults 
presented problems which prohibited the immediate 
application of such anarrangement. The detailed deter¬ 
minations of these values, both by calculation and test, 
are described in accompanying papers. 



The syTichronizing power for the New York close 
linked system with this arrangement was found to be 
adequate. While it is less under normal conditions 
than that which is obtained'Tietween individual units 

” 3 ! Underground A-C. Netvmke, by A. H. Kehoe, A. I. E. E. 
Tbans., Vol. 43,1924, p. 848. 
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s^chronized at the sources, yet the effective synchro¬ 
nizing ability at the time of a disturbance is approxi¬ 
mately the same as with a glose linked system, due to 
the reduced magnitude of possible faults, and the new 
system has high reliability due to a multiplicity of 
independent sources,^ With a loose linked system the 
reliability of any district would not be dependent upon 
the synchromzing abUity of the system, but upon that of 
a single station. For this reason.,the number of possible 
independent sources for any district will be less than 
with a dose linked arrangement which is considered 
preferable to the loose linked system if it is to be 
“synchronized at the load.” 

Reliability op Supply Synchronized at the Load 

The assurance of reliability of system supply for 
any one fault is secured by the following considerations; 
SuflSdent generating sources are “synchronized at the 
load” on a system having ample s3mchronizing power 
between the units to produce stable operation between 
all sources for any single fault regardless of its location, 
provided the fault is eliminated promptly by protective 
equipment. So long as enough such independent 
sources are in service to maintain the load, the loss of 
the reserve part of the capadty will not result in an 
interruption, since the remaining capadty is not jeop¬ 
ardized by this loss. The ability of a low-voltage 
network to eliminate its own faults* will provide positive 
back-up protection even though a reasonable percentage 
of subsequent failures of protective equipment do not 
eliminate the original fault. If a S 3 retem has radial 
service supplied from a substation, the low-voltage bus, 
such as a 4-kv. substation bus, will be the last common 


sources, the load from any generator (or bus section) 
should scatter to as many different load centers as 
possible. If this is carried to extremes, the mean 
length of feeder will be increased unnecessarily. It is 
pointed*out that all units do not have to feed each and 
every load point, and in the New York case we did 
not experience any increase in feeder lengths. It 
should also be noted that additional capacity can be 
supplied at lower^installation costs because of smaller 
capacity required for electrical connections. 

The anj^gement makes the maximum short-circuit 
currents much less than are expenenced on a system 
having a number of generators concentrated on a 
single bus. Furthermore, additions to system ca¬ 
pacity do not increase the switch rupturing duty be¬ 
yond the amount required by the first installation as 
long as the same generating capacity is maintained on 
existing sections. 

Since the magnitude of fault currents is materially 
reduced and since currents from all other units must 
feed through the load into the fault, the resultant 
voltage disturbances due to system faults are materially 
reduced. System service voltages during major faults 
approximating 60 per cent to 90 per cent of normal are 
to be expected instead of 20 per cent to 50 per cent of 
normal. 

Conclusions 

With ample s 3 mchronizing ability inherent in the 
system to give stability to a number of independent 
power sources, whether located in one or- several 
different generating stations, ‘generators synchronized 


, -- 10 , 01 , wmiiiuli -ouo/uiviio, generators syncnronizeci 

load point and must be used for ssmehronizing at the cS'D be connected by supply feeders to a 

load. In this case, protective devices are relied upon “umber of load points, thus making'it impossible for 
for secondary protection, as there is usually a number ^uult to affect all of the generating capacity; hence, 
of protective devices in seijes backing up each other for ^ sufficient reserve capacity is in operation 4e loss 
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a major fault. In the extreme condition, a fault which caused by a single fault cannot affect the reliability. 
IS not ehnunated because the protective equipment By t^s method, reliability of supply depends upon 
fafied will cause an interruption only to the substation having imipediately avaUable sufficient spare capacity 

foil,,,.- in operation to compensate for a maximum number of 

possible major faults which are reasonably likely to 
occur in the interval required to get spare capacity in 
operation. ^ ^ 
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where such failure occurs 
System Results Synchronized at the Load 

With a system synchronized at the load, the current 
and load division between feeders may be affected some¬ 
what except for peak conditions, when results should 
be the same. The magnitude of this effect, however, 
does not make it of major consideration. Similarly, 
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m order to give the system the reliability obtained by uf the arrangement by stating that in their 
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diversity o f supplies from a number of independent 

4, Underground A.-C. Network, by A. H. Keboe. A. I. E. B. 
TKAire., 1924. Vol. 43, p. 845. Also, (Sxlinclion of an A~C. 
Arc, by J. Slepian, A. I. E, E. Trans., 1928, VoL 47, p. 1404 
^ Oeion Circuit Breaker, by J. Slepian’ 
A. I. E. E. Tbans., 1929, Vol. 48, p. 623. 


judgment the synchronizing ability would be ample 
mth the 60-cycle New York City system. In partic¬ 
ular, credit for bringing this sytem into operation is due 
to the Westinghoiwe engineering staff for its mathe¬ 
matical investigations and conclusions which wCTe 
proved by test to be highly accurate. 
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“Synchronized at the Load”—II 

Calculations of System Performance 


I^Y'S. B. GRISCOM* 
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Synopsis.—This pai>cr ilcsmlifs Hw results of calculations made 
for oprralinii the Hell date and Slwrman Crcidc generating stations 
of the I ■ ailed Klerlric Light atui Poimnr Coiupang, synchronized at 
the load. 

.Iflir reducing the numerous branches of the system to a simpler 
vipiirideid, ealcul<dions*uu-re iiintle on the operation of an isoUded 
seelion. These ealeulafions indmded ample sialic stability and 
transient stability under fault eoialilious represimting the imiximum 
lehirh might normally be exi>erted. 

(liber calculations lecre made iuTiicaling that the emtirc system 


mlh synchronizing paths completed through the substation low- 
voltage busses, would likewise meet the required stability conditions. 

Tentative system design factors based on the calculations and 
experience to dale are suggested as a guide to system planning. 

This paper shows a practical application of the theories and 
principles developed in the studies of transmission stability. In 
the present case, a somewhat different object was in view inasmuch 
as it was desired to substantiate ideas as to the feasibility of the plan 
of synchronizing at the load rather than to obtain numerical limits. 


Introduction 

I N Kcneral, the principal reason for synchronizing 
generators at the load is that it gives promise of 
increasing the itjliability of power supply from the 
goneniting sources. Having as a background the 
many papers and technical ai'tieles on stability written 
roi'ontly, there is a tendency to associate stability and 
reliability of service. The subjects are related to the 
extent that a system which is capable of reliable and 
continuous service nectissarily possesses stability to a 
high <U*gi’et‘. However, with the usually understood 
meaning of fi,tability, it is entirely possible to have a 
.stable .system which may not be 'capable of service 
reliability of a high order. 

An examjde will be used to bring out the conceptions 
of the term “stability” and "reliability” as used in this 
paper. Assume that a power sjretem is composed of 
only <»ne generating station and that all of the genera¬ 
tors in the station are connected to one bus. Load is 
distributed from this bus by means of feeders con¬ 
nected to it through reactors of conventional value, 
as three or five per cent. This system would be con- 
.sidered stable, with generator and excitation character¬ 
istics as are in common use. However, the system 
might npt be^eonsidered reliable because it has a vul- 
nemble spot—the single generator bus. Major trouble 
on the bus or on any part of the equipment connected 
to it could result in a complete,system outage. Thus, 
the system is stable but not reliable. If the bus is 
divided into a number of parts and the ^sections thus 
formed are connected by reactors, the combination 
would be regarded as having a higher order of reli¬ 
ability than the system with a single straight bus. 
Similarly, if there are two stations with connecting 
ties, the over-all reliability is considered as still greater. 

1. (iimcml Engineer, WestinghouKo Elec. & Mfg. Co., 

East. Pittshurgh, Pa. c, 

PriHrutcd at the Summer (fonveution of the A, E,t Swamjj^ 
scull, .Mass., June 1929. Complete copies upon request. 


It will thus be noticed that the insertion of reactance 
between units of a system has improved the reliability. 

Stability Requirements for Satisfactory 
Operation when Synchronized at the Load 
The fundamental plan of sjmehronizing at the load 
is described in a companion paper by A. H. Kehoe.’ 
This plan gives a redistribution of reactance on the 
system so that the reactance between machines and in 
series with faults is considerably increased. Pig. 1 
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Fia. 1 —Stncheonized at Generating Station Busses 

illustrates in a schematic manner the connections 
which have been in use in the 60-cycle parte of the 
generating stations of the United Electric Light and 
Power Company and in the system external to them. 
The generating busses were tied to one another very 
closely, inside the stations, by bus-tie reactors and out¬ 
side of the stations by cables at generator voltage. 
The stations themselves were tied directly together by 
high-voltage cables. Fig. 2 shows the same equip¬ 
ment but synchronized at the load with the reactance 
between generating unite considerably increased by the 
omission of the bus-tie reactors and inter-station ties, 
and by splitting the substation high-tension- busses. 
Prom the stability point of view this scheme of con- 
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nection is only partly equivalent to a ring bus fcheme in is a fault a * 

which high-reactance reactors are used between busses as f 21 Fia J generator unit, such 

since the actual ties between units consist of a lar<yp \ ^^ctically, this condition resolves 

number of branches in paralfel a!S be^^Tll ll ^ *^^tor 

tor tends to have symmetrical ties with each other A fault at this location 

generator. In fact,^from this point of view, the L Lt of^te?"" Th^S®t™® to go 

rangement is moremeaxly like the svnchroniTiTia Luc transient condition is that of a 

^ b»,, but do« uot hT ^ but tectiom au 

amounts of eneigy are concentLted. TLp^ ctoWiiL .^tus condition will almost 


amounts of eneigy are concentrated The ^ ^^“‘i^tion will almost 

and Pliability of fte ayuZSTtke S « iT ““«*«* 

TYlATlf /»r\Tvi*rko->iA.rJ 4 -^ XT-__? . _ ® DUS S 6 Cl 3 . 011 . HoWfiVfiT- if. ‘rAninyri/l ■t*'Uo+ 


ment compared to the pre;n”o^ ai;;„,g^^^^ Se however, it is required that only 

upon the relative amount of change! reactan! in ^chother""^ generators stay m synchronism with 


*xT. i. XU icacuiiice m 

senes with faults and between generating units. The 
calculated performance when synchronized at the load 
K de^bed in this paper, while the test and operating 

l*A.Qnl+’a _:T_J • .1 


From the foregoing, it will be seen that the most 
important considerations from the stability point of 
view are that all of the generators keep in synchronism 


results are dfescrib^d in tie comSoriT^T: thegenemtorskeepins^duonism 

Messra. Searing and Milne. ^ ^ a ^ ^^actor. 

The rigid requirements for power sunnlv in a mptrn i j ^® generators except those directly 

poUtan area necessitate a Astern wM<i has static <^i^g a bus short circuit, 

stability under all conditions of operation and ItransiPTit circmt is the most severe and 

stabm^^_^.u..eo„df«ouur:ZZ!tt 
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Fw. 2 —Stnchbonized at the Load 

" exception that in some cases a disturbance may result 
m loss of a genwating unit; and this is pennissible, but 
t is required that the remaining units maintain syn- 
^omsm with one another. In addition to poss^g 

^® ^“desimblf 

nuntmg between generating units. The layout of the 
IS such ^t if stabiUty can be obtained, the 
requiate rehabihty of service will automatically be ob- 

beenlaigelyeliminated. 
stability is meant that the generating units 
shall be cai^ble of carrying the required load under 
nor^ conations without loss of synchronism. With 
such a cl(»ely connected system it appeared likely that 
^di would be the case, and the analysis of th/point 
was made largely as a formality. ^ 

conditions to be considered: 
Que condition is a fault located more or less equi- 
^tly^m ^ch of the generating units, as (l)on 
Sfi- « of layout it is appL^t 

^ the generators sMlarly 

and pracMy m proportion to the size of the machine^ 
hence, would be almost unnoticed. Another condition 


Inhere ^e, in general, three ways of making an 
analyse for stability; calculation, laboratory tests, 
and field t^ts. It was found that the major portion of 
the work mvolved was in obtaining values of the 
vanous impedances because of the unusually large 
mmber of feeders, and since a determination of these 
y^ues for the existing and proposed system of the 
Umted Electric Light and Power Company was a 
neces^ry part of the program, all of the^ analysis was 
made by ^culation. Later, tests were made to give an 
overyall check on &e derivation of sj^tem iirypedances, 
inacmme characteristics, and tiie electromechanical os- 
cillatioDs set up by short circuits. o 

"^e g®neral methods of calculation have been de- 
SOTbed m several papers before the Institute and details 
will not be given here. In all calculations, the load was 
considered as a shunt admittance. This assumption 
^ necessary because of the amount of work which 
otherwise would have been required, but is is probably 
fairly accurate for the system under consideration 
because of the relatively large amount of lighting load. . 
hOT the static stability analysis the synchronous re- 
ac^ces of the generators at the initial operating 
pomte were used. For the transient analyses the 
transient reactances of the generators were used. The 
^ect of variations in the cross flux was not considered. 
Decrements of main field flux, and the general method of 
cdculafion were about as given in another paper before 
the Institute. 

The studies which were made were divided into two 
^oups, one being on a portion of the system whidi 
m addition to lendng itself readily to tests, also is of 
the type representog what appears to be the tendency 
the grow th of the system. This part of the system 

A Transmission Stabilily. Evans and Wairner 

A. I. E. B., Tbans., Vol. 46. 1926, pp. 61-94. . • ^ ’ 
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was that which was fed mainly by the 120-208-volt a-c. were ihade for three-phase short circuits on a feeder, 


network system. Other analyses were made covering 
the entire system as it was expected to be when the 
plan was first placed in operation. The discussion will 
therefore be divided between the analyses i of one 
generating unit split from the system and operating 
on the networks, and the entire system with generating 
units separated at the generating station and synchro¬ 
nizing ties through the low-voltage Substation busses. 

Partial System Analysis 

Reduction of Network. The part of the system an¬ 
alyzed is shown by Pig. 2 in the companion paper 
System Tests and Operating Connections, Synchronized 
at the Load. In this figure, each small square repre¬ 
sents a networked area and consists of hundreds of 
branches. After having Obtained the reactance of the 
network elements, values were substituted for the small 
squares of Fig. 2 of System Tests, and Operating Con¬ 
nections, (Part III of this s 3 nnposium), in accordance 
with the transformer capacity connected to the various 
cables. The effective reactance between the generator 
to be tested and the remainder of the system, through 
the networks was found in this manner. Resistance 
components were then added to the reactances ac¬ 
cording to what was considered to be the probable 
ratio of resistance to reactance. Admittances were 
placed along the coimecting impedance between the 
two generating sources in proportion to the probable 
electrical distances of these loads from the sources. 
This gave a static network to whichit is only necessary 
to add the generator reactances to proceed with the 
analysis., •» 

Static Stability. The ssmchronous reactance of the 
generator tmder test and the remainder of the generators 
grouped were added at the proper ends of the connecting 
network, and, with the internal voltfiges detOTmined in 
accordance with the initial loadings, completed the data 
necessary for obtaining a static power-angle diagram. 
Points were picked off of this characterisljc and the 
generator terminal voltage computed to give the points 
of the voltage-powM* characteristic of Pig. 3, this form 
being more readily interpreted. It will be noted that 
with an InitiaT load of 22,000-kw. at 100 per cent voltage 
the static stability analysis indicates that with fixed 
field excitation, a load of 31,600 kw, could be carried 
before pull-out takes place at 88’per cent voltage. This, 
of course, does not mean that a load higb^ than 31,400 
kw. could not be carried, but merely represents the ap¬ 
proximate margin for a given initial load and cor- 
re^onding field excitation. This anal 3 ^is indicates 
that thwe is ample static stability without the use of 
automatic voltage regulators., 

There was some speculation as to the possibility of 
hunting, but this factor cannot readily be examined in 
advance. It was felt, however, that no hunting wou^ 
occur, and when tested this was found to be the case. 

Transient Stability. Analyses of transient stability 


both at some distance from the station, and just outside 
the station where the feeder reactor was the only im¬ 
pedance in series with the fault and the bus. These 
analyses were made by the .point-by-point method, 
calculating the changes in field flux and angular posi¬ 
tions, and indicated that stable eperation could be 
obtained under these conditions. 

Tests were made with faults of various severity 
and duration, checking the general methods and con¬ 
clusions, that with the reactances and short circuit 
currents obtaining when synchronized through the 
network, the system would be stable. These tests 
showed that the equivalent reactance between the 
tested generator and the remainder of the system was 
about 46 per cent based on the machine rating. The 
maximuJa short circuit was times rated generator 
current (instantaneous symmetrical) and the maximum 
duration of short circuit was 1.8 seconds. The initial 



Fig. 3—^Voltage-Power Chaeactbristio, Indioating Static 
Stabiutt 

load was approximately 60 per cent of rated load, at 
rated power factor and no automatic voltage regulators 
were in use. The generator had a short circuit ratio 
of 0.76. These figures show quite clearly that high-, 
short-circuit ratios are not required of turbo generators for 
power supply in relativdy closely connected system. 

Entirb System’ 

In analyzing the entire generating system of the 
United Electric Light and Power Company, there are 
two transient stability requirements to be met as well 
as the static stability requirement. It must be capable 
of ■withstanding a thrw-phase short circuit on one of the 
generating busses without the other generators losing 
synchronism, and it must be able to withstand feeder 
short circuits. It was not considered necessary to 
repeat the analysis of static stability in view of the 
results obtained on the portion of the system previously 
analyzed. 

The proposed initial layout for s 3 mchronizmg at the 
load is shown in the companion paper by Messrs. 
Searing and Milne and it will be noted that the syn¬ 
chronizing tie in this case is principally through the 
substations rather than thr&ugh the a-c. low-voltage 
network. 

A calculating board set-up was made asin the previous 
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to ob^ the equivalent mesh of the^ii ex- that the angular oscillation between the generatimr 
nal to the generatmg stations. The reactances of groups is very small and that tha dm-n m ^ 

nominal considering the character of the fault 

goieratora Kheme^ operate and ftimish stable and reUable 

generators. The following table shows the per cent service with a solid three-phase short circuit «n at,a 

^l^oe bstween t^mt^ voltage ot the genemtors bne, provided the« i^oST^Sr^^tv ?n 
connect to eaeh bne and the internal voltages ot ail and provided thatXe ta SfonTShW 


—--ww-.**v** VA CWl 

other generators combined, based on the combined 
ratings of the generators connected to the bus in 
question. 


Bus section 

N.E. 

• S, W* 

4 

5 and 6 
7 

8 and 9 


Per cent 
reactance 

30 per cent 
29 per cent 
50 per cent 
50 per cent 
50 per cent 
52 per cent 


, - --nw'MP.g MVVnWXWXA XI9\.fXCl>UdA 

in a reasonable tiifie by the opening of feeder switches. 

Feeder Short Circuits. A transient stability analysis 
was next made with a short circuit on the feeder side of a 
feeder realtor, the reactance of which was such as to 
produce a short-drcuit current of three times the full¬ 
load current of the generators connected to the bus. To 
facilitate calculations, the^generators were grouped so 
that those on the bus having the short-circuited feeder 
constituted one group, and all other generators the 
other group. The results of this analysis are shown by 


These values indicate that the system is at present some¬ 
what unbalanced with reference to the synchronizing 
power of the various generatore. This is due to a 
tei^oi^ local condition in that the feeder capacities 
at Hell Gate and Sherman Creek are not in proportion 
to the generator capacities. This condition will grad¬ 
ually disappear as cable rearrangements and additions 
are made. 

Short Circuit. A solid three-phase short circuit 



Pro. 4—Epfect op Bus Shoet Cibcuit with Entire System 
Stnchbonizbd a? the Load 



Pio. 5—Epmct op Feeder Short Circuits with Entire 
System Stnchbonizbd at the Load 

Fig. 5. It will be observed thaWhis condition sets up a 
comderably larger oscillation than the bus short circuit, 
but that considerably less voltage disturbances are set up. 
Ihis calculation indicates that short circuits up to 
three times the current rating of the nearest generators 
^d haymg a duration up to about two sec. can be 
h^dled successfully. However, where possible, both 
the current magnitudes and duration should be re¬ 
duced, as this will constitute less hazards and give less 
voltage disturbance. " . 


vras considered as applied to the bus section which gave 
toe largest short-drcmt current. Under this condition, 
the generators operating on this bus section immediately 
all of their load, and over-speed. The resultant 
•eflfect on the other generating bus sections depends upon 
now much dissymmetry there is in the layout. Wifii 
^ ^tirely symmetrical layout, the other generators 
- .would tend to speed up in unison with no tendency to 
l^e synchronism with each other. In order to simplify 
the analysis, the results were caJculaied on the basis of 
reducing the system to two equivalent generating 
groups. One of these groups included those generators 
on the bus section having the maximum differences 
fiom the others, while the remaining generators were 
grouped together. 

Kg. 4 shows the results obtained. It will be noted 


Tentative Design Constants 
From the studies and tests made thus far, the follow- 
derigT*’^^ suggested as reasonable ior system 

Synchronizing Ability between Generators. The im¬ 
pedance betwwn the internal voltage of one generating 
umt and the internal voltage of all other units of the 
same syst^ in parallel (not including ties to other 
systems) should lie between 40 and 60 per cent, based 
on the kv-a. rating of the generating unit. 

Synchronizing AUlity between System. The im¬ 
pedance between two systems both of which are syn- 
chrOTized at the load should not exceed 200 per cent 
oWithe rating of the smaller of the two systems. 

SJmt Circuits. The maximum instantaneous sym¬ 
metrical short-circuit current on a feeder from a 
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generating unit should not exceed 2 times the normal 
current capacity of the generating unit and should not 
be permitted to last longer than 1sec. For simplicity 
this value s)iould be obtained on the basis of a short 
circuit with the highest capacity feeder reactor in series 
with the generating unit on a three-phase short circuit. 


For higher values of short-circuit ciirrent the duration 
of short circxiit must be reduced. . 

Circuit Breaker Capacity. With the above system 
proportions, the interrupting duty on a generating unit 
breaker will not, in general, exceed IM times the gen¬ 
erator short-circuit current. 


' Abridgment of 

“.Synchronizied at the Load”—III 

System Tests and Operating Connections 

BY H. R. SEARING^ and G. R. MILNE* 

Member.'^A.. I. E. E. Associate, A. I. E. EJ 


Synopsis.—System test results^ operating connections^ and expe¬ 
rience with the New York City system synchronized at the load 
are given. Data obtained by test are presented^ showing the behavior 
of the system when generators are operated synchronized only 
through a low-voltage a-c. secondary network. 

The adaptation of this method of connections to the New York City 
dO-cyde system, including system layout, station and feeder re¬ 


arrangement^ and automatic recording apparatus, is described^ 
Experience with these connections has demonstrated that stable 
performance of prime movers is obtained, load and wattless control 
simplified, oil circuit breaker duty is reduced, and voltage fluctuation 
at customer's service during system disturbances is materially 
decreased. 


T he New York City 60-cycle system is principally 
supplied by the generating stations of the United 
Electric light & Power Company with inter¬ 
connections to the Brooklyn Edison Company system. 
Primary energy is supplied to the United distribution 
system on Manhattan Island and to the Bronx, West¬ 
chester, and Queens districts. 

Two stations—Hell G,ate with a 60-cycle capacity 
of 500,000 kw. and Sherman Creek with a 60-cycle 
capacity of 106;^p00 kw., supply the s 3 rstems. In 
addition to the interconnections with the Hudson 
Avenue Station of the Brooklyn Edison Company, 
tiiere are connections to the 25-cyde system through 
five frequency changers, aggregating 185,000 kw. 

The 60-cycle distribution load on Manhattan is 
supplied almost entirely by multiple feed Ibw-voltage 
networks, having a total connected transformer ca¬ 
pacity of 100,000 kv-a. Similar networks are in 
operation in the Bronx and in parts of Queens. Service 
to the remaining districts, as well as the major supply 
to these networks, is furnished through conventional 
distribution substations. In network districts, how¬ 
ever, the building of new substations has been dis¬ 
continued and tiie distribution transf ormeils are supplied 
at generator voltage. 

The high degree of service reliability required by 
high-load density districts called for a sjrstem superior 

1. Assistant Electrical Engin^r, United Electric Light & 
Power Company, New York, N. Y. 

2 . Engineer, Design Division, United Electric Light & 
Power Company, New York, N. Y. 

PresetUed at the Summer Convention of the A. I,*E. B., Swam^ 
scoU, Mass., June S4-S8,19S9. Complete copies upon request. 


to tiie usual radial arrangement. This led to develop¬ 
ment of the multiple-feed a-c. low-voltage network 
which was first placed in service in Manhattan in 1922. 
Experience with this system of distribution with rapidly 
expanding application indicates that the reliability of 
service is now limited by that of the generating somces. 

Operating experience has shown that a bus fault on 
the conventional ring bus arrangement of generator 
connections with high-capacity interstation ties will, 
cause outage to parts of the system, and serious dis¬ 
turbance to the remainder. 

The companion papers describe a new arrangement ^ 
of system connections to the generating sources— 
synchronized at the load—^which applies the principle 
of multiple feeds upon which the network distribution 
system is based. 

With this arrangement, a generator about to be placed 
in service is first synchronized with an adjacent unit 
and connected to the bus in the usual manner. Aftw 
the generator is supplying the load of the bus section 
to which it is connected, the high-tension connections 
to the adjacent unit are opened, leaving the generator 
connected only through the low-voltage networks. 

Experimental Determination op Network 
Impedance 

The proposed arrangement, contemplated a system 
in which the only connections between generators would 
be those through the secondary network. While the 
system constants from the generator to the network 
were susceptible to accurate*calculation, there was no 
information available as to the impedance of the 
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secondary mains system; hence, it was desirable to 
obtain test confirmation of the calculated values. 

The results of this test, which was made on the Times 
Square network, showed thfe impedance of the network 
from the transformer terminal points of any feeder 
to an imaginary star point to be 5.1 per cent, based 
on the transformer RV-a. connected to the feeder. 

The value of 5.1 per cent agrees reasonably wdl with 
. a calculated value of 4.6 per cent for a similar case when 
it is considered that the calculations were made on a 
different network (In wood) ^d the network under test 
was distorted by having two of its normal feedws out 
of service. 

System Tests 

Calculations made on an arrangement in which one 
of the gen^afors was connected to the remainder of 
the system only through low-voltage networks, fore¬ 
casted successful operation during normal loading and 
feeder short circuits on the system connected to this 
generator. Therefore arrangements, were made to 
test the performance of one generator at Sherman 
Creek Station synchronized with the remainder of the 
syston through the Manhattan secondary network. 



Due to the limited capacity of network feeders avail 
able for this purpose, the coupling between the genera¬ 
tor thus isolated and the remainder of the system was 
small when compared to the generator capacity, and 
therefore the test conditions were more severe than 
would be expected under an arrangement where the 
generator capacity and network interlinkings were 
comparable. The specific purposes of the test were 
to determine the stability of a generator operating under 
such conditions and subjected to feeder short drcuits, 
to check the action of automatic network switch^ 
having sensitive reverse power settings, and to deter¬ 
mine the effect of such operation on the customer’s 
service. 

The system coianeetions at the time of test are in¬ 
dicated in Fig. 1. Generator No. 4 vras connected to 
the low-vpltage networks through a“number of feeders 
having a total connected distribution transformer 
c&pacity of 19,850 kv-a. The remainder of the system 
:was coimected to these .same networks through dis¬ 
tribution transformers, totaling 41,650 kv-a. 

During the test, the approximate loading was 12>000 
kw. on generator No. 4 at Sherman Creek and 218,310 


kw. on the generators connected t© the main s 3 rstem, 
of which it is estimated 25,200 kw. was supplied to the 
low-voltage networks included in the test. 

Neglecting the effect of network load, the impedance 
betweeB generator No. 4 and the remainder of the 
system including internal reactances of all machines 
was approximately 60 per cent, based on the rating of 
generator No. 4, 25,900 kv-a. During the tests, all 
feeder regulators® were on automatic operation. All 
generators on the system are arranged for manual 
excitation control. 

On Msfj 7, 1928 the two systems were set up and 
operated, ssmchronized through the low-voltage net¬ 
works from 8:52 p. m. to , 9:57 p, m. Although no 
short circuits were appljed, the machine showed no 
signs of hunting and at all times gave stable operation. 
During the evenings of May 8, 9, and 11, the two 
s 3 rstems were set up and a total of nine three-phase 
short circuits was placed on the auxiliary system, 
each short circuit being deared automatically in a 
predetermined time.' These short circuits were made 
at various locations over a 7.8-kv. feeder, the last 
three being applied directly outside the feeder reactors 
at the generating station. 

Oscillographic equipment was used at Sherman Creek 
to measure: 

a. Current and power of short-circuited feeder 

b. Taminal voltage of generator No. 4 

c. Voltage of main ^tem at Sherman Creek 

d. Differential jjetween above voltages 

e. Differential watts using current of generator 
No. 4 and differential volts 

f. Current, power, throttle position, and field 
current of generator No. 4. 

In addition, stroboscopic equipment; was used during 
the tests to view the rotor displacement of generator 
No. 4 during the disturbances. 

Nine recording voltmeters were installed at various 
locations on tiie networks to obtain a record of the 
voltage dip caused by the short circuits. 

The total number of network switfehes involved in 
these tests was 649, of which 208 were connected to 
the auxiliary system and 441 to the main system. 

A summary of the results of all tiie short-circuit 
tests is given in Table III. Detailed results of the 
short circuit applied jqst outside the station reactors 
for 1.24 sec. are given in Fig. 4. 

* Stability 

The test results showed that the generator was, very 
stable when synchronized through tiie low-voltage 
networks, although the capacity of the connected dis¬ 
tribution transformers w^ less than would be expected 
tmder normal system planning. No hunting occurred 
and even with the most severe short drcuit applied 
j^t outside the feeder reactors at the generating station 
for 1.8 sec., ^e stroboscope indicated a maximum shift 
of 40 electrical degrees lead between this machine and 
the remainder of the system. 
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. TABLE in 

SUMMARY SHORT-CIRCUIT TESTS SYNCHRONIZED AT THE LOAD MAY 7-11, 1928 


Date 

Time 

Duration 

seconds 

Load on 
gen. No. 4 
kw. 

*Ourrent in 
short cir- 
cui||;ed feeder 
amps. 

Power in 
short cir¬ 
cuited feeder 
kw. 

Voltage drop 
at gen.No. 4 
per cent 

Voltaire drop on networks 
per cent 

tMax. swing of 
gen. No, 4 dur¬ 
ing short^r- 
cuit electrical 
degrees 

Max. 

Min. 

6— 8—28 

9:00 p.m. 

0.29 

13.600 

2010 

3800 

16 

13 

* 8 

4 lead 

5- 9-28 

8:16 p.m. 

0.28 

11,600 

3120 

9400 

21.6 

16 

10 

8 lead 

5- 9-28 

8:35 p m. 

0.65 

12,500 

3090 

0400 

28.6 

21 

11.6 

8 lead. 

6- 9-28 

8:67 p.m. 

0.92 

11,700 

3120 

9400 

28.5 

21 

13.0 

0 lead 

6- 9-28 

9:16 p.m. 

1.^5 

12,760 

3120 

9400 

31.0 

21 

11.5 

16 lead 

5- 9-28 

9:41 p.m. 

1.82 

12,760 

3120 

9400 

31.0 

21 

12 

19 lead 

5-11-28 

8:20 p.m. 

0.67 

12,500 

4720 


44.5 

33 

19.5 

26 lead 

6-11-28 

9:02 p.m^ 

1.24 

12,250 

% 4720 

800 

46.0 

34 

19 

' 34 lead 

6-11-28 

9:20 p.m. 

1.80 

12,900 

4720 


44.6 

33 

20 

40 lead 


'i'liistaiLtaneo'as symmetrical r. m. s. value. 
■tAs viewed with stroboscope. 



Shobt-Cirouitbb Pbhddb. Test ov Mat 11,1928, 9:02 p. m. 


reverse power type remained closed even under the 
most severe condition of feeder short circuit. The 
voltage on the network was sustained at a value which 
precluded any network switches of the low-voltage 
release type from operating prematurely due to low 
voltage. During the test, a maximum of 1.4 per cent 
of the network switches connected to the machine under 
short circuit opened and redosed. 

System Disturbances 

On the networks which were partially supplied by the 
machine under test, the voltage drop on short circuit 
varied from 10 per cent to 34 per cent. It should be 
noted that this drop was much larger than should o^pcur 
in normal operation because in the test the network 
capacity was distributed in such a manner as to give 
the equivalent of a two-circuit network. 

System Layout for Initial Operation 
These t^ts demonstrated the stability of the arrange¬ 
ment for any disturbance beyond the feeder reactors 
and substantiated the general method of an^3dic3l 
treatment. 

It was decided to proceed with the layout for operate 
ing the entire system synchronized at the load. As 
there were not sufficient networks to adopt the scheme 
in its entirety, the 4-kv. substation busses were con¬ 
sidered as load points and feeder connections arranged 
so that the coupling between generating bus sections 
was provided through transformation and highly re-, 
active ties. This was a departure from the original 
concept, but not from the basic principle, and represents 
expedient to be utilized only until sufficient network 
capacity is available to complete the entire plan. 

Calculations made on the proposed coimections in¬ 
dicated that rmder the conditions of a bus short drcuit 
on one section, all generators, except the one short- 
circuited would remain in synchronism. 


Network Switch Operation 
The tests demonstrated that when th§ system w^ 
operated so that the maximum kw. load imposed By 
a^feeder short-drcuit did not exceed the normal 

load on the generator, network switches of the sensitive 

# 


It was not desirable, however, to subject the system 
to a bus short drcuit under this arrangement in order to 
check the calculations and -^lerefore it was decided to 
proceed vdth operation under this plan and provide 
automatic recording apparatus which would give test 
da-ta undar tiie normal system disturbances from whidi 
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the system behavior under a bus short-circuit condition 
could be predicted. 

Nine-element oscillographs were installed at Sherman 
Creek and Hell Gate an’anged for automatic operation. 
The principal measurements are those of phase angles 
between a common avo'age system load voltage and 
the internal voltage 7>f each generating group which is 
available at all times by means of pilot generators 
coupled to the shafts of the mains units. Various 
other data are recorded to assist in predictions of system 
behavior. 

In planning the system layout for operating synchro¬ 
nized at the load, it became apparent that the ratio of 
feeder capacity to generator capacity should be ap¬ 
proximately the same for all sections; and that any 
substation or tietwork district should be supplied from 
different generating station sections so as to tnainf-nin 
diversified feeds under all operating conditions. The 
^t feature is desirable, not only for load division but 
in order that each generating sectidn may carry its 
share of the system wattless kv-a. The second feature 
is ob\iously necessary for service reliability. Further¬ 
more, the feeder grouping and capacity mu stbe such 
.that generating units and also stations may be loaded 
to their economical point. 

The graeral plan of operating the entire system 
synchronized at the load contemplated keeping the tie 
feeders between Hell Gate and Shennan Creek open at 
all •times. Each of tbe 13.2-kv. bus sections, four at 


The^Queens district lies between Hudson Avenue and 
Hell Gate and the increase in load in this district necessi¬ 
tated additional feeders from Hudson Avenue. Ac¬ 
cordingly plans were made and work is under way to 
maintain synchronism between Hell Gate and Hudson 
Avenue through the 4-kv. busses of the Queens .sub¬ 
stations, and through frequency changers connecting 
to the common 25-cycIe system of the allied companies. 

In order that a unit may be stable under the condition 
of feeder short circuit, the ratio of short-circuit cuiTent 
to genm*a^r full load should not exceed a value teiita- 
tively set at 2.5; and the system v?as set up so that all 
usual feeder faults would fall within this ratio. 

Reduction op On, Circuit Breaker Duty 
One of the advantages of the proposed arrangement 
was evidenced in the reduction of oil circuit breaker 
duty. Hell Gate Station was originally planned for 
five 50,000-kw., 60-cycle units and the main oil circuit 
breakers which were rated at 1,500,000 kv-a. were of 
ample capacity to clear a bus short circuit. 

This initial layout was greatly exceeded, and one of 
the problems intooduced by the installation of two 
160,000-kw. turbines to complete the station was the 
fact that the breakers would be unable to clear a bus 
short circuit which gave a calculated instantaneous 
synimetrical value of 2,900,000 kv-a. 

With the s3mchronized-at-the-load arrangement, the 


Hell Gate and two at Sherman Creek, would op^te m ^ + ^ breakers was reduced and one of the 

separate sources during the peak period. mmemate advantages aside from increased reliability 

During the hght-load period, HeU Gate would operate duty on these oil Joreakens 

. m two sections ‘and Sherman Creek as a single-bus capacity, 

station. It should be realized, however, that these Operating Experience 

K!!”® are flexible and Hell Gate The proposed system layout contemplated generator 

, ^ has b^n operated mth various grouping of sections. No. 8 (160,000 kw.) being in service at 

nroirti^i-n” ^^®®^J'^d.too much feeder capacity in Since this generator was not available, it was decided 
p j the MaStn'anTS Sic^ were teS ^Sn^apldt^^® modifications, using 

rearrangement ^ffeed^®^faTS^®Joups^ FebmaJ^'ts^^l^S^^FTr^r®'^ in operation 

necessarj^ in order to diversify the feeds to anv ffiven Slierman 

substation or network district under any of the vSous loa^^ rT “synchronized-at-the- 

generator groupings. Furthermore, in some sub Station 

stations, no sectionalizing switches were avSabirto Wh teniw Company, through the 

pemiit connecting feeders directly to transformer banks thf^^ZZn^ determine 

anditwasdecidedtosectionalizepermanently thernam conf^S m III 

bus of such stations. ^ ♦ controlled in each of the two generating stations and 

While copper ties between bus sections were avoided Sle 

possible, it was necessary to continue the ^der the pnor arrangement, 

ighly reactive high-tension loop customers to supnlv ^ the new operating arrangement, because 

large customers. , of its high feeder capacity, Sherman Creek wL nec^' 

The high-tenson tie feeders between the s^ly operated to prevent wattless kv-a. overloadinir 

HerSlf'“'‘™ Comply Md Hdl Gate. With the setu^ of 

Hell Gqte were continued, and the reactance^vaL ef wi ^ the wattless kv-a. is more 

these ties (112 per cenf ba<ajH n-n w .d alue of easily controlled than formerly Tin i-it i-i,« 

was found to be well within limits. Avenue) ^ere a feedfer becomes overloaded, load may be sWf^ 

from one section to another by the tnrbS 
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after which further load shift must be effected by 
switching banks from one feeder to another at the 
substation. 

While the main ssmchronizing path is at present 
through the 4-kv. substation busses, a numbered generat¬ 
ing station feeders connected directly to the network. 
No difficulty has been experienced with the network 
switches which are of the sensitive reverse power type. 

The voltage of the system is considerably less affected 
by feeder short circuits under the new arrangement. 
The disturbances caused by faffits on a high-capacity 


feeder showed an average voltage drop of 9 per cent 
synchronized at the load compared with 20.7 per cent 
with the previous connections. 

All generating units ha's^e operated in a steady manner 
both with normal loading and under a number of system 
disturbances. Records from the automatic osdllo- 
graphs recently installed will giv^ quantitative informa¬ 
tion as to system performance. 

Test results have verified the calculations, and operat¬ 
ing experience thus far has substantiated the predicted 
advantages of a S 3 ratem synchronized at the load. 


The Engineer, Practical Idealist 


President’s Address* 

BY R. F. SCHUCHARDT 


T he Institute, meeting here in convention on the 
“stem and rock bound coast” of New England, 
finds itself on historic ground. In this region are 
located many battle fields, of arms and of intellect, 
that have left their deep impress on our civilization. 
The battle fields of arms are marked by monuments 
that are now shrines of an appreciative people. The 
battles of the intellect, though often accompanied by 
bloodshed, are not so well remembered. Bunker Hill 
is fresher in our minds than are Salem and Roger 
Williams, y§t Williams’ heroic stmggle for freedom of 
thought paved the way for that l^er struggle marked 
by tfie-shaft on Bunker Hill. 

The freedom we enjd!^ today, freedom of thought and 
of political action, we owe to those who fought and 
‘ suffered and bleH in generations past. We are worthy 
possessors of our heritages only if we in turn give 
thought to the morrow, and in our, work today plan so 
that the morrow will offer a richer life for our children. 

Are we of the engineering kinship, who are presum¬ 
ably well trained to determine facts and to*reason from 
them, giving siifficient-thought to the morrow? It is 
well on this occasion, in the atmosphere of these sig¬ 
nificant historical surroundings, to pause a few moments 
before taking up the technical part of our work, to 
consider briefly some problems of this interesting work¬ 
aday world of ours, to try to gjean from the study some 
of the trends in our civilization and our relation to them. 

If it is true, as Professor East has written,' that man 
stands today, at the parting of the ways, with the choice 
of controlling his own destiny or of being tossed about 
by the blind forces of his environment, then it will be 
well for the engineer to concern himself more with the 
environment. He should take a larger part in the 
leadership seeking solution for the human problems 
that vitally influence the trends. Surely the bewilder- 

,-——' A 

1 . “Mankmd at the Cross Roads” by Edward M. East. • 
^Delivered at the Summer CotwerUion of the A, I. E. E., Swamp- 
seoU, Mass.rJune 84-^8,19S9. Printed complete herein. 


ing complexities of today require dear thinking, and , 
who is better fitted for a thoughtful analysis of the 
factors on which development and progress depend? 

With this as a background, I should like to suggest • 
some thoughts that appear worthy of your careful 
consideration. 

The history of mankind shows a successive rise 
and decay of great civilizations. Reflection on this 
leads to the frequent questions: Is o\ir civilization 
headed for decay? Are we also, like former .ages, 
unable to bear up under ^prosperity and power? I 
jabfl.1l not venture an answer, but let us consider 
some facts. Earlier civilizations existed on relatively 
nmflil areas. Today the entire world is a neighborhood 
—^made so largely by the work of the enpneer. Not 
only is it a neighborhood world but a’so a much more 
densely populated world, and the great increase in 
population, we are told, started with the industriaJ * 
revolution in the eighteenth century—also based on 
the engineer’s work. The engineer, responsible for so 
much that is, cannot shirk his responsibility for correct 
guidance of what shaU be. 

Our civilization has come to be known as the Machine 
Age andas such it is both lauded and condanned. Presi¬ 
dent Glenn Prank* in a splendidly balanced analysis of 
the machine age and its trends, offers this comment: 

. the masses have more to hope for from great 
en^neers, great inventors and great captains of industry 
tTiflTi from the social rrformers who woo them'with their 
panaceas. The greatest social progress of the next fifty 
years is likely to come as a by-product of technical , 
progress.” 

Even in the Qfient, where the materialism of the 
Occident is thought to sound the death Imell of the 
spiritual, we find the famotis Chinese philosopher. Dr. 
Hu Shih, in agreement, for he sees science and the new 
technology as the forces which restored, to man a sense 

♦“Where is this Machine Age Taking Us” by Glenn Frank, 
in The Magazine of Bxtaineee, Oct. 1927. 
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of self confidence and thus created the modem civiliza¬ 
tion of the West. He concludes that inventors, scien¬ 
tists and producers of goods deserve the blessings of 
their fellows as spiritual lea<iers. 

Others of the interesting group that contributed to 
the symposium, “Whither Mankind,” inspired and 
edited by Charles A.*’Beard, seem to concur. As Dr. 
Beard summarized in part; “They 'are not oblivious 
to the evils of the modem order, but they do not con¬ 
cede that any other system, could it be freely chosen in 
place of machine civilization, would confer more dignity 
upon human nature, make life on the whole richer in 
satisfaction, widen the opportunity for exercising our 
- noblest faculties, or give a sublimer meaning to the 
umverse in which we labor.’ 

With these encouragements let us try to see some of 
the things about us as they are. Let each of nis com- 
p^e this world of our experience with the dream world 

^ of our ideals. Let us see if as engineos we have not an 

exceptional opportunity to gain in our individual lives 
that tme satirfaction which comes from an attempt to 
I^ye the world a better place than we found it. But 

T engineer today is far more 

than Treadgold defined him nearly a century ago. In 

the powm of L tS 
J^e^owaddstothecommonwelfarealso 

m fields more human. He finds himself occupied at 

the rural r^ons to the urban, which, with the great in- 
prease in the world’s population, is thus rapidly ac¬ 
celerating the growth of cities. The engineer’s^ma- 
^meiy makes it possible to provide the necessaiy food 
' Wv f a Ifsser manpower to for- 

. ^ transportation developments readilv 

bmg ^ popohta. 

rapidly increasing population the problem becomes 
more and more difficult. ' oecomes 

Professor East cites figures to prove that th(a ma-.,: 
mum food supply that Su be S 

area of this globe available for that 

a IMpulation of fifty-two hundred million«! n 
which at the present rate “iffions, a figure 

• ^starvation, widespread 

^ We^can leave to the medical profession nnri + it 

vitallyconcemedSth th?^ be reached but we are 

•advancing civilization while^S?'^ JhK 
mg Sloser and closer Tho ® ^f®^bors are crowd- 
hUed tte laymab into' a fal. S^f 1^“.“ ^ 


have given him faith to believe that with the scientist 
and the engineer on the job the future will take care of 
itself. Perhaps it wfil, but only if the thinkers and the 
doers of this generation and those who follow put them¬ 
selves earnestly to the task. Intelligent thinking 
usually leads to intelligent action. No engineer 
worthy of the name can take a laissez-faire attitude on 
problems that deeply affect human welfare and progres.s. 

How does the Engineer picture the future city? la 
it to be a mechanical Colossus full of ingenious pro¬ 
visions for commerce and industry, for housing and 
for getting about, or will it be a pl&ce where man still 
hM some contact with nature? The growth of our 
cities IS both upward and outward. The upward 
hmit IS moving higher and higher, for both business 
houses and multiple d^Vellings, and all of the ground 
ar^ that was formerly devoted to low buildings is 
being covered by the higher structures. The engineering 
probleiM of transportation, of light and air and health 
for the higWy congested population are not impossible 
of solution but we must admit that they are being taken 
c^e of only m p^ Multiple decked streets above 

ventilators, air conditioning 
devices, artafici^ light and other necesssary eontri- 
v^ces are relatively easy to plan, though some of them 

SJ, ^ ®ort of civiliza- 

thTldnd th^ V 7®^°^ ^ ^ character 

the kind that makes for a richer and nobler living’ 

we bulling the City and forgetting the Man as 
Grosvenor Atterbgrya suggests, and are "we not fast 
losmg our sense of valura? 7 

You remember the Greek legend of Hercules'and hi.! 

whe^l\^ Hercules met 

wnen on his tnp to get the golden apples Ant-ione 

we ™ <*m.ge if 

n«tropolitan^ections especially in our 

^J^^psider some of the pppblmp, that me, ae 
“•W UOK. 


^ ' • 
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it were, at our elbow. One is that of automobile engine 
exhaust in our cities, which has received all too little 
attention. This presents a serious health problem in 
the deep canyon-like streets. Investigators of carbon 
monoxide poisoning declare that this deadly poison is 
often found in city streets in sufficient quantities to 
impair health, and in some instances to be the proxi¬ 
mate cause of death. And with the traffic jams on 
country highways, the holiday outifig is now far from 
a health trip. 

While on the subject of air pollution let us in passing 
note the factory dnd the apartment house* chimmeys 
that still frequently belch forth dense clouds, often 
robbing man of beauty and of health. The engineer 
has provided a partial curej. but even om giant power 
stations, which receive the nfost expert engineering 
attention, still leave something to be desired. 

There is another handicap to which little thou^t 
is given,—the deleterious effect of noise on the ner¬ 
vous system. Scientific tests have shown a marked 
reduction in labor efficiency due to noise, and British 
physicians have even advocated an act of Parliament 
prohibiting needless noise in the interests of the nation's 
health. Certain it is that our present day business and 
professional life draws heavily on our nerves, and all 
too many men collapse under fhe strain. Relief from 
noise as one contributor to the strain is thus a direct 
public benefit. 

And how much are we interested in the backyard 
regions of ottr industrial cities? Many of these reflect 
little vj^edit on our advanced dvflization. Disorderly 
dUmpheaps and scrap .piles are stiU all too common. 
They enrich no lives spent among them; rather they are 
likely to develop Jthat element in our citizenry with which 
the forces of law and orda* are in constant conflict. 
The appalling waste that this entails affects much more 
than our taxes. Good housing ’and neighborhood 
cleanliness go far toward making life for the lowly 
conform more nearly to the picture of today's 
accomplishments that we paint with such pride. 

The engineer knows* that most of our cities have 
grown more or less hodge podge during the crude 
developmental years of our country. He knows also 
that correct growth demands guidance, and this means 
a city plan. Fortunately many cities, taking the lesson 
from the important European centers, have seen the 
wisdom of proper planning and are correcting misfits 
of earlier decades and are providing bettSr guidance for 
the future. -But the problem is today one of even 
greater extent—one of regional planning, and engine^- 
ing enters largely into this also. Here is a field which 
arouses the enthusiastic intaest of every true engineer. 
He realizes that the subukban regions are rapidly 
fining with dwellings and to some extent with factories. 
He knows that if life is to be lifted to better things 
these newer developments must be coordinated propefly 
so health, convenience, beauty, and the opportunity for 
wholesomd family life may all be properly provided for. 
In this and aimilar activities the engineer will seek the 


greatest dividends in terms of human happiness. 

The increasing population. Professor East says, 
requires that each year forty million acres more must be 
tilled and harvested than the year before to provide 
sufficient food, and this clearly makes countries more 
and more dependent on one another und at times will 
shift the direction of the dependence. The engineer 
has brought countries together by rapid transportation, 
by land, by sea and by air, and has tied them still 
closer by achievements in communication, and now 
even by international power lines. What Qan he do to 
hold them together us friendly neighbors? The answer 
here goes to the very bottom of man's relation to man. 

The material work of the engineer deals with nature's 
laws. He knows he must understand these laws and 
must use truth in his work or it will fail. Engineering 
analysis applied to human relations similarly seeks to 
find the underlying laws. A study of past civilizations 
indicates that they failed because of violation of that 
basic social law which bids us do unto others as we 
would have them do unto us. Is it too idealistic to 
expect improvement in our day to come as a result of 
more engineering in government, that is, more of the 
engineering method applied to the solution of questions 
that tend to bring discord between peoples and between 
people? There is encoiuagment in the statement 
made by Bertrand Russell,* “I look, therefore, to the 
western nations, and more particularly to America, to 
establish first that more humane, more stable and Inore 
truly scientific civilization toward which, as I hope, the 
world is tending." 

Technical achievement has almost eliminated manual 
drudgery. The habit of technology to be guided by 
basic law holds out promise that “man's inhumanity to 
man" may likewise be banished. Is this also too opti¬ 
mistic? Has human nature remained unchanged 
through the ages, as is so often stated? May I refer 
the pessimists, if there be such here, to any story that 
portrays life during earlier periods, as for instance, 
“Power” by Leon Feuchtwanger. The reader of this 
gripping tale of the ruthless standards of the eighteenth 
century will congratulate himself that he is living in the 
twentieth. 

Our machine civilization is still young, and we can 
attribute to growing pains many of the conditions 
that today prevent man's best development. How- 
eyer, a look toward the horizon will show many en¬ 
couraging signs. 

Our country, appreciating the keen need of the time 
for the engineering approach to the important problems^ 
of state, has elected an outstanding engineer to the 
presidency. In otiier countries the engineer mu^^ 
similarly stand at or near the helm if this civilization is 
to survive. This does not mean that he alone is to be 
the savior of mankind, but in this age of cooperation, the 
engineer, together with thfe doctor, the lawyer, the 
economist, the sociologist and other trained minds, 
must apply himself to a scientific solution of social 

-r 3 “Whit>»»r _'M'«nTHnA *' edited by Charles A. Beard. 
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problems in addition to furthering material develop¬ 
ment. He must join forces with all those 

. whose law is reason; who dependCs) 

Upon that law as on the best of friends/' 

with men who can find facts and who can fa,ce them 
boldly and honestly. 

The engineer’s work has started many trends in the 
direction of relief from some of the world’s growing 
difficulties. A notable one is the spread of electric 
power into areas away from congestion, thereby per¬ 
mitting at least a partial decentralization of industries 
and of population. This spread is greatly advanced 
by the interconnection of power systems now so com¬ 
mon all over the coimtry, while the ease of getting 
about with automobiles is another important factor. 
A further mataiaJ aid is the extension of electric distri¬ 
bution lines into rural regions so that modem baethods 
can be applied increasingly to agriculture, both in the 
field and in the home, while the telephone and radio 
are keeping farm operators in touch with the latest in 
music and education. Great as the progress has been, 
^ much still remains to be done in these fields. 

Among other items that bring cheer and stimulate 
eptimism may be mentioned the increasing interest 
now being taken in sane city and regional planning, the 
efforts of important industries looking tpward elimina¬ 
tion of waste and the conservation of our resources, the 
conversion of former wastes into profitable by-products 
and* particularly the growing reclamation of wastes in 
agriculture. 

But here is a bit of pessimism.—The high speed at 
which life seems to be driven today and the apparent 
immersion of large numbers in gross materialism has 
filled some people with fear and misgivings regarding 
the future. Thus we have the Bishop of Ripon seri- 
^ously suggesting a ten year holiday in science to give 
the culture of the soul an opportunity to catch up with 
the rapid material progress. But the fear that the 
“spirit” cannot grow in an atmosphere of “science” is 
not a new one. A century ago Edgar Allen Poe in his 
Sonnet to Science wrote in part 

“Hast thou not dragged Diana from her ear, 

And driven the hamadryad from the wood 
To seek shelter in some happier star? 

Hast thou not torn the naiad from her flood, 


The feeling that our present material progress is not 
really making for a richer life is expressed by many 
more. Even our own Lorado Taft, with a fine enthusi- 
- - asm for beauty and an outstanding genius for creating 
it, is led by his observation to conclude that Americans 
are practically immune to the arts, have no joy in 
crating, and are not interested in the most important 
thing of all, the creation of an ideal civilization. 

What answer have we'engineer optimists to these 
critics?— " 

The good bishop sees but a small part of the picture 
and that not the bright and inspiring part. When the 
young Poe wrote his sonnet the Age of Electricity J>ad 


not dawned. His hamadryads and naiads would today 
be quite athome with most of our scientists andengineers. 
And our gifted sculptor seems to feel that the progress 
made through technology expresses itself mainly in 
jazz. 5e fails apparently to see the poetry in the work 
of a Millikan, a Langmuir, a Steinmetz, or an Edison. 
He should see, as Pupin and others so clearly see, the 
idealism of the American machine. 

The engineer with his enthusiasm over the human 
purpose of technology’s accomplishments is guided by 
his ideal of a better living for man, but he keeps his feet 
on the grotmd in a practical effort to»reach this goal step 
by step. He appreciates that 

“Heaven is not reached by a single bound; 

But we build the ladder by which wo rise 
From the lowly earlth to the vaulted skies, 

And we mount to its summit round by round/' 

The important thing is to be mounting the rounds. 
That we are moving onward and upward I for one 
firmly believe. 

Is not one true indication of the direction in which 
we are moving foimd in the growing appreciation of 
beauty? The advertising pages of our magazines 
clearly show the turn of the tide. On every hand 
commercial competition seems to be along lines of 
greatest devotion to a beautiful product, and this is not 
confined to automobiles and bathroom fixtures. Art, 
which Henry James called “the shadow of human¬ 
ity,” is at last finding its place in industry. 

The engineer accepts the line from Keatis famous Ode 

“Beauty is truth, truth beauty.” . ' 

He is conscious of the beauty ^d the romance in many 
of the facts he deals with but he does not let his enthu¬ 
siasm over the beauty, or his dreaming stirred by the 
romance, blind him to a proper weighing of the facts. 
Rather he develops from his dreaming a use of the facts 
for the further enrichment of life. 

And what of the engineer of tomorrow? What 
thought are we giving to him? Engineers appreciate 
that by their example, as well as by their encouragement 
and active help given to educators and to the engineer¬ 
ing noritiate, they are building the foundations of the 
profession more firmly and raising it'ever higher. 
They know that education for usefu living is not com¬ 
pleted in college. It continues throughout life. 

Our Institute, repr^enting the electrical section 
of American engineers offers the fellowship of kindred 
souls, a broadening of outlook and of knowledge, a 
|)leiiding of humanism with technolo^. It carries 
inspnation to its members to be not only technicians 
of high order but also trained seekers of the needs of 
mankind, applying their skill and their knowledge to the 
end that life for the teeming millions of their fellowmen 
may be made more worth while, less burdensome, more 
b^lthful, anri more noble. 

Thus, my friends, do I conceive the true engineer,— 
one, who in thought and deed, is and evqr will be a 
practical idealist. 
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Safe Loading of Oil-Immersed Transformers 

BY E. T. NORRISi 

Member, A. I. E. E. 

Synopsis,—An aiiempt is made to describe simply and clearly A description is given of an instrument for indicating the safe 
the basis of the temperature rating of oiUimmersed transformers and output rating of a transformer in service under any conditions of 
the relations between the temperatures measured in service^ the short thne or continuous loading, 
maximum safe output ratingy and the national standard ratings, <¥**** 


List of Symbols 

A = Temperature of cooling medium—usually air or 
water, 

D = Maximum variaticin in temperature of the dr- 
culating oil. ' , 

G = Maximum winding temperature difference. 

Ga = Average winding temperature difference. 

H - Hottest spot temperature. 
h =H-A. 

K = Constant. 

N = Ratio copper to iron loss at full load. 

P = Load on transformer as a fraction of fuU load. 

R — Average temperature of the winding -^<1 
resistance, 
r = R-A. 

T = Hottest oil temperature. 
t ^T-A. 

As the load current in an oil-immersed transformer 
is increased^ its temperature rises due to the increase in 
losses. One limit to the load which may be taken from 
a trUnsformer is set, therefore, by the maximum 
temperature permissible. 

Basis op Output Rating 
The materiaTmost susceptible to damage by heat in 
a transformer is the insulation. The fundamental 
basis of the rating of the transforms is thsefore the 
maximum tempsature the insulation will safely with¬ 
stand. The tempsature of the hottest part of the 
insulation of the transforms (or the hottest spot 
temperature H) must “never be allowed to exceed this 
safety limit. 

The»limit,applies, of course, to the insulation both in 
the core and in the windings. Since, howevs, the 
core losses are practically constant for all loads whseas 
the copper or winding losses increase rapidly with the 
load, it is the winding insulation which is most affected 
by the loading, and its hottest spot terapsature which 
determines Jhe safe maximum load. 

If it were possible to measure the hottest spot tem¬ 
perature while the transformer was in operation, it 
would be a simple matter to detemine the maximum 
safe rating and to insure that it would not be [exceeded. 

CMef designer, Ferranti, Ltd., London, England. 
Presented at the Summer Convention of the A. I. E. E., Swamps- 
seott, Mqss., June S4-ISS, im. Complete copits upon request. 


Unfortunately, except in a few special instances, there 
are no known practical means of measuring this tem¬ 
perature directly. 

As a rule it is not possible to employ thramocouples 
or other forms of embedded temperature detector in 
such aypay as not to weaken the transformer insulation 
and yet record accurately the true hottest spot tem¬ 
perature and be safe in operation. This position 
has recently been confirmed at a meeting of the Inter¬ 
national Electrotechnical Commission. 

The most useful practical temperature measurements 
are: 

a. The temperature of the hottest oil by thermoip- 
eter = T. 

This temperature is easily measured and a continu¬ 
ous record can be obtained while the transformer is in 
sra-vice. It however does not follow closely short-time 
load variations, " 

b. The average temperature R of the windings cal¬ 
culated from the resistance. 

This measuronent is mainly suitable under testing 
conditions. It is necessary to disconnect the trans¬ 
former in order to measure the resistance, so that 
readings cannot be obtained during operation. The 
temperature measured is the average temperature . 
the whole winding. 

To determine the maximum safe rating of a trans¬ 
former from these two temperatures, it is necessary to 
know the relations between these temperatures and the • 
hottest spot tfflnperature. 

Standard Output Ratings 
It is important to distinguish between the true ther¬ 
mal rating of a transformer and its rating in accordance 
with a standard specification. 

The true thermal rating is determined by the maxi¬ 
mum safe hottest spot temperature. It is not a con¬ 
stant for a given transformer but may have any value 
depending on the conditions of loading and cooling, e 
The primary purpose of a national standard specifi¬ 
cation is to provide a- basis for the comparison of trans¬ 
formers of different makes and ^pes. The standard 
rating must be so defined that it can be determined 
easily and accurately in practise, and is^ therefore 
expressed in terms of the observable tanperatures, B 
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and r. It is based on certain definite loading and 
cooling conditions so as to be a constant for a given 
transformer. 

The manner in which the observable temperatures 
R and T are derived from the hottest spot temperature 
for standardization purposes is eiqilained in Pamphlet 
No. 1 of the A. I. Ee E Standards. 

For the standards of three countries, typical values 
of these observable temperatures, after continuous 
rated load, are given in Table I. The standards specify 
both these limiting tmperatures and state that neither 
may be exceeded. 

TABLE I 


Country 

Self-cooling 

1 Forced-cooling 


T 

n 

T 

IT. S. A. 

95 

90 

80 

— m - 

Britain. 

95 

90 

90 

75 

Germany. 

105 

95 




Typical values of the cooling medium temperature A, 
together with the resulting temperature rises, are given 
in Table II. 


TABLE n 



Self-cooling 

1 Forced-cooling 

Country 

A 

r 

/ 

A 

r 

t 

XT. S. A. 

40 

40 

35 

55 

55 

70 

50 

50 

60 

25 

25 

55 

65 

50 

Britain. 

Germfiny. 



rating and. the standard rating as described earlier in 
the paper, and that alternative standard ratings be 
recognized covering more practical operating conditions. 

Winding Thermal Conditionb 

A trai^ormer winding with oil flowing through it is 
shown diagrammatically in Fig. 2. The temperature 
T of the .oil leaving the windings is here assumed to be 
the same as the temperature of the hottest oil. This is 
so in most practical cases. Wha-e the difference is 
appreciable, however, an average value can be assumed 
which will give sufficiently accurate results for the 
present purpose. The same conditions apply to the 
increase of oil temperature D. 

The tempo-ature of the oil at the bottom of the 
windings will be (T — H). ' 

The relation between the winding temperature at 
any point and the adjacent oil temperature depends 
largely upon which of the following conditions holds: 

1. The direction of oil flow at right angles to the 
conductors in the winding. 

2. The direction of oil flow parallel with the 
conductors in the winding. 

Condition (1) applies to most core type and some 
shell type transformers. 

Condition (2) applies to many shell ts^pe transformers. 


The loading and cooling conditions chosen by all the 
standardization authorities are extreme. The British 
wd AmOTcan standards, for example, assume full 
load continuously, and an ambient air temperature of 
40 deg. cent, contouously for self-<x)oled transformera— 

, operatog conditions which are rarely encountered in 
' practise. 

An appa^nt advantage of this basis is that the 
standard rating is very conservative and may safely be 

worked to in almost any climate and under any loadinc 
conditions. * 

It has becme general practise for operating engineers 
the standard rating as being the maximum 
^e rating under normal working conditions. Trans- 
^^^much larger than necessary are therefore 

A rdativdy minor disadvantage of this position is 

/' A more ^o^ result is that operating experience 
^Mot distinguish between transformers of^od and 

^then^ design. Undesirable oppertunify is therebv 

unscrupiflous mSSS^ 
? experience which are essential to progress 




Water Cooled 
Transformer 

(b) 

Fig. 1 


Forced Oil Cooled 
Tram 


ra^^r 


Under cmdition (1), considering only a steady con- 
touous load ^d assuming the windings are fairly sym- 
metncal, ^ hotot spot temperature of the insulation 
^u7 a or 6 in Kg. 1 will be a constant 

adjacent oil temperature. The 
of of the copper, and therefore 

o^^e^adjarent insulation at c, for example, will be 

ten^erature H of the copper for 
the whole wmdmg will be at some point b and such that 

H = T + G ('ll 

This topCTature H must not exreed uP.derany con- 

Under condition (2), the thermd gradient in the 
StS wt conductors will be short- 

^ - conductivity 

repp^ IS approximately 2000 times that of ^ 

will temperature of the winding 

the oil. Then the wmding temperature'difference 
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will noL be eoiisl unt, as iii t he previous case. At the top 
af (lie wiralinKs it will be ill - T), and at the bottom, 
(II T 1 D). If (i is (he value at the top of the 
wituliu.us, then 

// T 1 a 

as in Kquatittn tl). 

'I'he l i'tnperal lire A* measured by increase of resistance 
of (he windiiiffs will be (he averujte temperature of the 
copper in (he wandimis (akinjr the a\\‘ra}ie in directions 
both normal ami parallel to the How of oil. 

I’nder condition (I) its equivalent is the temperature 
of the copper at Koim* point near the ceiTter of the 
windiuM: such tlunl: 

A* T K l> 1 (}.. (2) 

For I’ondition (2) the (wnperature of the copper 
is I’onstant at all points in a vertical direction. A.s- 
.suminiit <!„ i.s t he average value of (,he winding tempera¬ 
ture dilTen'inv at (he (.op of tlu^ windings, then: 

li T I f;., (2a) 

(hnnparison of this relation with Equation (2) show.s 



Equation (1) becomes 105 = 86 -1-20 
Suppose the ambient temperature is only 25 deg. cent. 
At full load R - 80 deg. ^ent., T — 70 deg. cent., and 
H - 90 deg. cent. The load may safely be increased 
until H is raised to 105 deg. cent.; i. e., fe may increase to 
80 deg. cent. 

Let P ~ the new permissible loRd as a fraction of 
normal full load 

P-jV -f 1 

I’he new total losses will be —tidies normal. 

The new copper losses will be P® times normal. 
Equation (4) becomes: 

2P- •+• 1 

80 =-3-X 45 -1- 20 P- 


X 45 -1- 20 P- 


« 

that if tht! How of oil is parallel to the conductors, K 
bwwwmw aero. 

It should be noted, however, that in practise, the 
dirccUiin of oil flow cannot be ftarallel to the conductors 
for the whole of the winding. 'I’he temperature rela¬ 
tions ff^r condition (2) will therefore apply to only part 
of the wimling, und for all ty()<‘.H of transformers K will 
be greater than /.f‘ru. 

It is n<»w po.s.siblc to estimate the affect on the per¬ 
missible loatling of variations in the temperature of the 
cooling medium. The method can hg* most clearly 
shown by an example. 

Coasider tCn A. I. E. E. rated sislf-cooled transformer 
with the following thermal characteristics after con¬ 
tinuous full load with an ambient air temperature of 
40 deg. cent, 'riiese valuer are typical of a medium 
sixed self-cooled <‘ore type tramsformer. 

R - 95 D - 20 (1. - l« 0 20 

T -- 85 H * 106 K - ^>.4 

Ratio of copper to iron losses = N ~ 2 

Equatioft (2) becomes 95 - 85 ~ 8 4-18 (7) 


whence’ P = 1.14 

Flence the effect of reducing the ambient temperature 
from 40 deg. cent, to 25 deg. cent, is to increase the 
output rating of the transformer 14 per cent. 

At this overload, with an air temperature of 25 deg. 
cent., the hottest spot temperature will be 105 deg. cent, 
and Equation (2) will read 

92.8 = 79 - 9.6 + 23.4 (8) 

It is instructive to compare (7) and (8). 'Both the 
hottest oil and winding temperatures are lower in the 
.secend case, but the transformer is equally loaded 
thermally in the two cases. 

The formulas developed in this paper are intended 
for purposes of illustration and exposition rather than 
for actual application to practical problems. 

the predetermination of the true’thermal rating of 
transformers requires numerous formulas to cover the 
wiile range of loading and cooling conditions that ma-y 
occur in practise. None of these formulas would be 
sufliciently general to be suited to the present purpose.-* 
The complete subject has been treated recently by the 
present author.* 

Relation Between Oil Temperature and Output 

Rating 

The hottest oil temperature is easily measured on a 
transformer in service, and it is well, therefore, to ex¬ 
amine whatever information as to the loading con¬ 
ditions can be obtained from it. 


.Prom Equation (10) P 


E~ T 


where E and T 


are values at load P, and is the winding temperature 
difference at normal load. ^ 

In the example G« = 20 




„ _ I'^OS-T 

-g-— 

This relation is plotted in a curve in Fig.. 4. The 
practical use of the eurve’has been pointed out by 

2. “Thermal Rating of TranHformers,” I. B. E. Journal 
(England), Vol. 66. No. 380. p. 841. 
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?' maximum oil temperatures 

wr different loads. If, for instance, in the example the 
load is 120 per cent, the oil temperature must not be 
allowed to exceed 76.2 deg. cent. Whether the trans¬ 
forms IS able to carry this load continuously depends on 
the atf tempsature. Equation (9), or Pig. 3, shows 
that for this to be .pdfesible, the ambient temperature 
must not exceed 18 deg. cent. 

The curve may be applied to temporary overloads 
^ well as to continuous loads. For instence, an ovs- 
load of 30 per cent in the example may be applied 
imtil such time as the oil tempsature reaches 71.2 deg 
cent; and this is true no matter what the previous 
» loading conditions, if within the safe rating; e. g., 
wheths the transforms has previously been on full 
normal load or even on no-load. 

If the air temperature is greats than 5.5 deg. cent. 
(Equation (9) or Fig. 3), it is only a matter of time 
^ b^ore the oil temperature reaches 71 deg. cent. When 
^s happens, the load must be reduced. This use of 
Equation (10) gives results slightly on the safe side for 
^ Jiort time heavy ovsloads of only a few minutes' 
duration, since it makes no allowance for the thermal 
t^me constant of the windings. 

Again, suppose at a given instant, the oil temperature 
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of ^is ^^Sforms is 75 deg. cent, but the previous 
loading history is unknown; the curve states that any 
load up to 122 per cent may safely be taken from the 
ttansfonner. (Actually some margin should be allowed 
here and a somewhat lower limit than 122 per cent 
assumed). How long this load could be taken depends 
upon tile air temperature, but always so long as the oil 
temperature does not exceed 75 deg. cent. 

The curve also shows up the possible danger of oil 
^p^toealarmprotection. Suppose,intheexample, 
the oil thermometo* were set to operate an alarm when 
Me hottest oil temperature exceeded 80 deg. cent 
^Curve 4 shows that the alarm would be given quite 
T^ecessarily so long as the load were below 112 per cent. 
On the other hand, the transformer niight be carrying a 
load greato- than 112 per cent and greater than the 

eresto 

th3.xi 106) without the alarm functioning. 

In some countries, it is common for oil alarms to be 
set at 90 deg. cent. In the example refored to, repre¬ 
senting an average oil-immersed self-cooled transformer. 


if the air temperature were 30 deg. cent, and the trans- 
ormer were overloaded 20 per cent continuously, the 
hottest oil rise would be 58.2 deg. cent, and the hottest 
oil temperature 88.2 deg. cent. The alarm would 
therefor* not function, although the hottest spot tem- 
peratoe would be 117 deg. cent, and the transformer 
loaded beyond the safe limit. 

These illustrations show the numerous practical uses 
of a curve such as Fig. 4. 

Transformer Safe Load Indicator 
It has been shown that the hottest^ oil temperature is 
msleading as a guide to the safe loading of a trans¬ 
former and that the true criterion is the hottest spot 
temperature mthin the wihdin^. Instruments for 
measuring indirectly this' hottest spot temperature 
have been developed in various forms by many trans- 
former manufacturers. 

In principle, the components T and G from Equation 
(1) are measured separately. T is measured directly 
and G is obtained indirectly through the relation 
between it and the load current in the windings. A 
current transfomer is therefore necessary and may be 
connected on either primary or secondary side of the 
mam transformer. 

Such instruments show clearly whether the trans¬ 
former IS :My loaded ^d will actuate an alarm or close 
a relay tnpping circuit when a dangerous condition is 
being approached. . 

By calibrating an instrument of this ^e in per- 
^ntage of maxim^ safe load instead of in hottest spot 
temi^ature, the information given by the curve Kg. 4 
and illi^trated by the example previously described 
can be indicated directly. Inspection of Equation (10) 
shows that the variable factors are P,< the load on the 
tranrfomer, and T, the hottest oil temperature, botii 
of which are already used in the hottest spot tempera¬ 
ture indicator. 

With this calibration the instrument shows directly: 

1. The ^sting load as a percentage of the maximum 
safe load^howing how much of the pertnissible output 
rating is being utilized. 

2. The maximum load on the transformer-during 
any desired period expressed as a percentage of the 
maxim^ safe loading. If, for instance, this record 
were 75 per ^t over a period of 24 hr., it would mean 
that at no tune during that period did the load on the 
transformer exceed 75 per cent of its available capacity. 

The formula assumes that when any given load is 
swit^ed on, the winding temperature difference G 
reaves _ the v^ue corresponding to that load im- 
meiately. This assumption underestimates the over¬ 
load capacity of the traiMorm®* by a few minutes’ 
dwation of load. This is a desirable characteristic, in 
tot for rapid and dangerous increases in load, warning 

w* be given h short time before the danger point is 
actually reached. . * k o 

Since the standard rating of a transformer is based 
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on continuous loading and on an abnormally high 
cooling medium temperature, the true rating under the 
normal operating conditions of discontinuous loading 
and comparatively low cooling medium temperature will 
be considerably greater than the standard rating. 


By means of the safe load indicator, the true thermal 
rating under operating conditions may be fully utilized, 
and a corresponding saving made in capital cost of 
transformer plant installed and in exciting kv-a. and 
losses. 


Abridgment of 

Analytical Deternaination of Magnetic Fields 

’ Simple Gases of Conductors in Slots 


B. L. ROBERTSON* 

Associate, A. I. E. E. 

Synopsis^—In this paper^ La Placets and Poisson^s equations 
are applied to cases of currenUcarrying conductors in rectangular 
slots to show the flux distributions which obtain. 

The paper first treats with the general case which is a single 
conductor^ completely surrounded by insulation, at the bottom of a 
slot. Next is taken up the more practicdl case of a slot containing 
two insulated conductors, one above the other, in which currents of 
equal magnitude are considered first to flow in the same direction, 
and then in opposite directions. 

In addition to these analyses^ a few special cases are discussed. 
Methods by which the flux distributions in slots containing an even 
number of coil sides may be obtained, or in slots the conductors of 


and I. A. TERRYf 

Associate, A. I. E. E. 

which carry currents not in time-phase, are also discnssed. Equa¬ 
tions are developed from which all of these fields can be calculated. 

A. discussion is included to show the distribution of flux on the 
assumption that the lines go straight across the slot, and a comparison 
is made between the slot inductance determined mathematically 
from the equations developed and by the usual design formulas. 
In the case considered it is found that the design formulas give a 
value oj slot inductance which is about 96 per cent of that 
obtained by the mathematical treatment, which is within limits of 
engineering accuracy. An expression is developed which shows, 
the error that may be expected in any particular ease. 

*»»**. 


L Introduction 


1Y riTHIN the last few years several papers have 
W , been presented before the Institute, and articles 
liave been pubjished in various technical 
journals dn the theory and practical applications of 
flux plotting. It has been shown that if they are devoid 
of current, quite accurate flux plots can readily be 
made free hand for many geometrical figures, about 
the only fundamental requirement being a knowledge 
of the potential difference between the various bound¬ 
aries of the configuration. Although the problem is 
greatly complicated in current-canying* regions, 
methods have been outlined for free-hand mapping 
of fields under these conditions, and can be applied 
very well whenever the general arrangement of the 
lines of force is known in advance. If the general field 
arrangement is unknown, then a great deal of sketch¬ 
ing andresketi^ng mustbedoneinordertoobtainacor- 
rect plot; and often much labor can be saved by deriv¬ 
ing, analytically, the equations for the Imes of force 
and then plottiag the loci of these equations. 

Several years ago, W. RogowsM solved La Place's 
and Poisson's equations for the case of a pancake type 
of transformer, analytically determining the magnetic 
field distribution about the -windings. An excellent 


♦Assistant Professor of Elec. Engg., Pennsylvania State 
College, State College, Pa. 

fA-C. Enjtaewing Dept., General Electric Co.,*' 8 clienectad 3 ? 
Presented at the Summer Convention of the A. I. E. E., Swamp- 
scott. Mass., J^ne 94-Z8, 1989. Complete copies upon request. 


translation of Rogowsld's work was given by Doctor 
A, R. Stevenson, Jr.,* in 1926. Shortly after that, 
Messrs. Stevenson and Park* showed the application 
of the analyrtical method of determining the flux distri¬ 
bution about the field pole of a definite pole machine, ^ 
including in their discussion several other figures which 
are of theoretical interest. Cases of conductors in 
slots have also been treated with,® but there the solution 
results in a series which converges so slowly that the ■> 
task of plotting the field is laborious. 

In this papa*, analytical expressions are developed 
for plotting the flux about rectangular conductors in 
rectangular slots by use of the method originally em¬ 
ployed by Rogowski. Flux plots are shown for a num¬ 
ber of different locations of a single conductor in a slot, 
and for the practical case of two conductors, one above 
the other in the same slot. The mathematical expres¬ 
sions are in the form of a series that converges very 
rapidly, thus simplifying' the problem of making the 
plcfts. 

In addition to the above, a comparison is made 
between the slot inductance determined (a) by the 
usual design formulas, (b) by mechanically integrating 
the mathematical plot to obtain the flux linkages, 
and (c) directly from the R-equations. 

Prom the latter, a simple expression is obtained 
for use in design formulas to give the increase in indue- 

1 . Reference at end of paper. ^ 

2. See reference (2). 

3. See reference ( 6 ). 
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tance due to the curvature of the flux lines* over the 
inductance determined on the usual assumption that 
the lines of force are eversnvhere parallel to the bottom 
of the slot. 

11. Fundamental Equations 

As a general example, in Fig. 1, which represents an 
insulated rectangular conductor at the bottom of an 
infinitely deep slot, it is assumed that: 

1. The permeability of the air, insulation, and 
copper is unity. 

2. The permeability of the iron is infinite. (These 
two assumptions mean that the flux must enter the 
iron at right angles to the surface). 

3. The conductors are subdivided, thus eliminating 

e 

Region m • . 



Fig. 1—Qbnbrai. Case op Condttctor Completely Insulated 
PROM Slot . 

"skin effects and resulting.in uniform current density. 

Rogowski developed the conception of dividing the 
slot into re^ons, satisfsnng either LaPlace’s or Poisson’s 
equations; then, by considwing each region separately, 
the current distribution may be represented by a single 
dimension Fourier series, and tiie problem greatly 
- simplified.* The single dimenaonal FouriCT series 
may be chosen to represent the current in the one slot 
only, but another simplification is made possible from 
the application of the method of images. 

It is wdl known that with a conductor near an iron 
surface of infinite permeability it is possible to replace 
the iron surface by a conductor, called tiie image of 
» the first, canying current in the same direction. Simi¬ 
larly, a slot may be replaced by its image on both sides 
and below, (see Pig. 2), the first group of images being 
re-imaged, etc. Due to the fact that the slot is open 
at the top only a double row of images exists, which 
then replaces the original conductor and slot, and gives 

. *Herein lies tEe main, difference between, the present analysis 
' and that of E. Roth, (reference 6), who usoda two dimensional. 
‘ Ponrier Series. 


rise to a periodic reactangular current distribution, 
the Fourier series of which can readily be obtained. 

The total field of the slot of Fig. 1 is divided into 
three distinct regions: 

Region^ I. Air district between the images formed 
by the bottom of the slots and the 
bottom of the conductors. 

Region II. District occupied by the conductors in a 
hcaizontal row including the air or in¬ 
sulation spaces between the conductors. 
Region III. The air and insulation space above the 
conductors. 

Region I, having no currents,' satisfies LaPlace's 
equation. 


d a;^ b 


( 1 ) 


Region II, being a district of currents, must satisfy 
Poisson’s equation. 


d*2e » b^R 
br* by* 


- 47rl 


( 2 ) 


VI. Slot with Two Conducitobs 
The slot containing two conductors, completely 
insulated from each other and from the iron walls of 



Fig. 2-^Imagbb of a Current Carrying Conductor in an 
Infinitely Deep Slot in Iron 

^ • 

the slot and placed one above the other, is typical of 
sjmchronous machine design and iherefore forms one 
of the most practical application of flux plotting by 
the mathematical method. 

In the solution of this problem, the entire field is 
di-vided into five regio^, (Fig. 12). The air regions 
satisfy LaPJ^ce's equation. Equation ( 1 ), and the 
current canying regions satisfy Poisson’s equation, 
Equation (2). 

In the geueral case previously discussed, it is ob-vious 
that the magnetic field for the single conductor in any 
certain configuration will always yield one type of 
plot. Its form will be altered only by slot and copper 
dimensions, but will not be affected by the magnitude 
^ the curr«it. The direction of flow of the current 
vdll, of course, change the direction of the lines of flux. 

The solution of this problon, however,? brings into 
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consideration the direction of the flow of current in the 
conductors; that is, whether or not the current in the 
upper coil side is flowing in the same direction as the 
current in the lower coil side. Furthermore, the rela¬ 
tive magnitudes of these currents are fm'i)ortant, 



Region H c 


Region JE 



n 


Fig, 12 —Slot with Two Conductors 


because for each ratio of the two densities there exists 
a distinct field. An infinity of flux plots is thus the 
complete answer to the problem. Although any one 
of these plots, can be determined accurately, it is with¬ 
in the scope of this paper to discliss fully only two 
import^ types, and to indicate the solution for any 
other set-up. 

The illustration first treated here is that in which the 
two conductors cariy equal currents in the same direction. 
Similar to that shown in Fig. 2, the current-carrying 
regions will now be represented by two infinite series of 
refiected and re-refiected images, one above the other. 
Each region has its own Fourier series for the current 
density, and since the density is the same for each 
group of images; the Fourier series is the same for 
each region and is of the form given by Equation (8). 

The farm qf the function S is as it was before, 
and from its substitution in Equations (1) and (2) are 
obtained the two sets of relations given by Equations 
(lb) and (2b). The first set of relations now holds for 
Regions I, III, and V, since they carry no current, 
while the second group holds for Region® II and IV, 
the current-copying districts. The general solutions 
for R and the constants for these equations are 
obtained in like manner to the ones detailed in Section 
II of the paper. It is necessary now to solve simul¬ 
taneously the five sets of regional solutions in order 
to ■ determine the coefi&cients Ao, A„, . . . etc. The 
reader is referred to Appendix D for the complete 
mathematical analysis. ' ^ 

The numbers to the ri^t of Fig. 13 were obtained by 
calculating tiie flxix on the basis that it crosses the slot 



4 


If* 








' 

in straight lines. It makes little difference in the values 
of total flux above the lower conductor, as indicated 
by the results. , 

The case in which the conductors carry equal cur¬ 
rents, but flowing in the opposite direction, is considered 
next. Whereas both currents in^he previous illustra¬ 
tion were flowing in a negative direction,—that is, up 
out of the figure,—^the upper current wiUnowbeassumed 
to flow positively. Within this reversed current 
district. Region IV, Equation (2) must be altered to 
read. 


a _j_ b^R 


(17) 


f I, the current density expressed as a Fourier series, is 
to be tile same as it was before. If, however, I is 
changed in sign, thai Equation (2) still will hold. The 
final regional expression for the upper conductor con¬ 
tains a change of sign before the term including Q!„. 
Such a condition calls for a new determination of all 
of the coefficients in the regional equations because 
these relations must be solved simultaneously. The 
analysis for this case is given in Appendix E. 

Fig. 14 illustrates the field about the same two con-' 
ductors of Fig. 12, the upper current now bring reversed. 
At the bottom of the slot, and well up the rides, the 
flux plot is practically dependent only on the lower 
conductor because of the extremely weak field in that 
region produced by the reversed current above. With- 


•3 





Fig. 13 —^Fibld about a Two-Conductor Slot 
O urrents in the conductors equal and in the same direction 


in the upper copper? however, the lines rapidly change 
their shape, eventually closing within the slot about a 
second kernel. 

Fig. 15 shows in detail the field about the.second 
kernel. Immediately about l3ie kernel the flux travels 
in approximately elliptical paths, the outer approaching 
the slot walls and closing upon themsdves at very 
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^eat distan^. Beyond this group of lines the flux 
^nkes the sides of the slot. These plots verify those 
detained graphically by Calvert and Harrison.-' 
Fto plots for ai^ture slots of a synchronous 
machine are necessarily dependent upon instantaneous 
values of current, ei^pept for pull-pitch coils. In these 
instances, the currents in the conductors bear a constant 
relation to each other. The field plot will then have 
the s^e information although a changing magnitude 
of total flux. In actual practise, full-pitch windings 




Fiq. 15—Ddtaimd Pibld Showing Whibi. op Plhx about 
Top op Upphr Conductob op Pig. 14 

^d for each instant of time there corresponds a new 
flux plot. 

Theiethod by which a field map may be made for 
any ratao of conductor currents is very simply outlined. 
The oifly important step is to adjust the signs of the 
sOTes for the current densities of Regions II 
and IV. F or currents in the same direction both series 

4. Reference (4). 
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mil have the same sign which will depend upon the 
direction of the current flow. For opposite currents 
me series will then of course have opposite signs. 
Substitotion of these current density forms in the 
regionm equations will automatically care for all 
algebraic signs which follow. 

VII. Inductance Comparison 
One of the most important applications of flux 
plottmg IS the determination of the inductance of a cur¬ 
rent-carrying system. To illustrate the method, the 
inductance of the conductors in the^lot under considera- 
tion has been determined. In a paper recently pre¬ 
sented to the Institute by Mr. P. L. Alger,® a very 
complete discussion was presented on the leakage reac¬ 
tance of the ^ature winding of a synchronous 
machme. In his paper, slot-leakage inductance is 
calculated by assuming that the flux lines in the slot 


Pig. l^r-PiELD About A Two-Condvctob Slot 

Currents to the oondnotore equal but to opposite directions 

arersddom used, the usual design being somewhere 
near ;?^-pitch armature coils. The currents in the 
upper and lower conductors now differ in time-phase. 



Pig. 17—Detailed Pihld of a Ponductoe Showing Whibl 
OF Fltjx aboitt Kernel 

go straight across* This, of course, involves an error 
b^use the curvature of the lines as seen in the plot 
of Fig. 13 IS such that a given flux will link more cur- 
rrat than if the flux goes straight across the slot; 
merefore, the exact method will give a larger reactance. 
However, tlfe amount of error due to the approximation 
mil be seen to be so small as to be negligible. The 
reader is referred, to Appendix E for the derivations of 
the inductance formulas. 

The following tabulation shows the various com¬ 
ponents of inductance as determined graphically by 
mechanical integrating the flux plot, and analyticky, 
^der the assumption that the flux lines go straight 
ncross the %lot. This analysis has been carried only 
to the bott om of the wedge, (Fig. 12). 

6 . Refeience (3.) 
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Inductance in (Abhenrys)/iV=* 



Present 

Mechanical Integration 

Region 

approximations 

of Fig. 13 

11 

0.160 

0.138 

III 

0.260 

0.264) 

IV 

1.005 

0.960 

V 

0.758 

0.753 


2.163 

2.091 


This comparison shows an increase of approximately 
8.5 per cent in the inductance determined from the 
mathematical flux^plot. Such an increase is very 
reasonable, since the assumption that the flux lines go 
straight across the slot is in error to some extent in 
regions near the bottom of the slot. This is shown in 
the figure, the values on the outride of the slot indicat¬ 
ing the flux determined on this basis. 

In Appendix G the inductance of the two conductor 
slot is determined mathamatically from the vector 
potential R. The expression therein derived shows 
directly the magnitude of the correction term which 
gives the increase of inductance due to the curvature 
of the flux lines above the inductance calculated on the 
assumption that the lines of flux go straight across the 
slot. By the omission of insignificant terms the cor¬ 
rection term becomes 

L' = —-— ( c - — ) sin* 10“* heiirys per N* 

C* O* TT* \ 2 IT / I 


Thig is simple enough for use^in design formula 
wherevCT it affects the^ accuracy to an appreciable 
extent. * 

For the slot of Fig. 13. 

L' = 0.087 X 10“* henrys per N* 
or an increase over that obtained by Equation (12f) 
of about 4.1 per cent. 

This agrees with tiie increase in inductance obtained 
from the flux plot, being dightly higher because the 
mechanical integration,of the flux plot is" limited to 
finite incremraits whereas the mathematical method 
deals with infinitesinal increments. 

- *VIII. Detailed Plots 

The flux plot of Fig. 17 has been made for general 
interest, to show in detail the fij^d about the kemd of a 
conductor. The distance between the lower face of 
the conductor and the slot bottom was made great 
enou^ to bring out the whirl of flux in a pronounced 
manner. 

SUJIMABY 

The usual types of rectangular slots met in practise 
have been considered,' and th« genial method of attack 
has been given in sufficient detail to make its applica¬ 
tion to other examples quite clear and straightforward. 
The general equations will have been developed m»Sy 
be applied to any slot by simply substituting for the 
particular «dimCTisions invblved. 


The error in inductance calculated on the assumption 
that the flux tubes go straight across the slot has been 
shown to be small enough to be negligible in usual slots 
met in practise, thereby indicating that present assuinp- 
tions give sufficiently accurate results for engineering 
pxirposes. 
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April 29, 1929. 

Please find endosed a check.as a pa 3 rineiit 

to the Engineering Sodeties Employment Service for 
its prompt and efficient service in placing me with the^ 
. corporation. I was accepted im¬ 
mediately upon the first interview. 

January 5, 1928. -» 

We have engaged two previous men sent from.your 
Department and returned the cards to your office. So 
far these men are working out satisfactorily and we 
wish to thank you'for your helpful interest. 

January 3, 1928. 

It is unfortunate but true that most of your appli¬ 
cants are of a much better grade than we can use at the 
present time. 

We wish to thank you for your kind and effident 
attention to our request for men and are returning to 
you such applications as were sent to us for our 
approval. 

August 9,1928. 

Just a note to thank you for your lettOT of yesterday 
with the attached records of 1928 electrical engineers. 
Our transmission Engineers will go over these today, 
after which I shall communicate with you, returning 
the records to you at that tihie. 

We appredate not only what you have done, but the 
fine spirit with which you did it. 
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T he pMt 30 years have witnessed many imnortant 
d^elopmente in electrical commnnic.S'X! 

. dynaimc sciences which had rapidly grown in 

^ope under influence of MaxweU, Helnlohs and 
others, having been for a time pe^t up, w^ffaS^ 
Wstang m then eagerness to spill over into the eonf 

innumerable facts capable of being' 
put to great practical use. The writinirQ rtf Wn.«, 

SrfS^relathf?f transition, pointing to mmiy 

edu^^aT+Wfi^^applications of the new knowl- 
edge as typified by inventions and discoveries went 
^coM^tly hand m hand with a codification or svstem 
atization of the knowledge found useful. Thus ^paral 
lelmg the origination of the loading coil 

phone tranemierion "one“o°S^f "“*■ 

t!Xi7 i ^7 properties of elec- 

tn^ networks used for transmission purposi and 
called ^rajismissiowTieiuiorifcs. P rposes, and 

Space is not available here to enter into a comolmto 

ar?T5°^and^for^*^ transmission networks 

we put, and for purposes of illustrating such uses 
we may confine ourselves to lar^w f r^ 


dis^ce circuits are of various kinds. There 

CsSot r apparatus used in 

^smisfflon. :^om an electrical standpoint, they mav 

and telegraph, normal telephone (both side circuit 

telephone banc^''''^’ end radio- 

the d^ts, together with the high 
4 tmi^on they require, and the dl 
arability of employing them intensively by multi- 

fu^Sr^m®^’ consideration of the 

fimdamental factors influencing transmission and of 

he numerous functional objectives which component 

s'S^Vp^ “T*. particularly so if the 

SI standids, regu! 

operat Jn°^ maintenance and 

With this situation in mind, we may consider in 
some detail just what the manifold functions of typical 

networks are. The functions nece^lySe^S- 

selves according to what they have to do (1) with ^e 

SrtT employiifg the. networlm, and 0) 

mth the conditions to be met by networks as integral 



w --. X nis cnoice of iliustraHoTi ^*1] 

. ^ s^e pOThaps better than any other to bring out the 

physical ^d economic attractions which the nSwo^ 
can have for engineers. tne networks 

--- /*- 

1. of the BeU Telephone Lahorstories, New York N V 

no': 7 .viTi iTt r 7 

pUtecopiesupenregrmt'' t*’ ’ <^0^ 


- --uc lupcgiai 

“Soy iw. 

/a<»727aes which, use wires’from amoT> 0 * f ^ contrast to cable 

g^MralJ, quit, dig JS! ’ ’1“ •»« lypw «1 rimlte «„ 

straddles two pairs of wires 
one pair actmg as a conductor in either direction Tn fb* * 
each pair is also used for 

paw works in one direction and one in the other Each nf th* 
cowpriw . ..d. 
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parts of systems, Working harmoniously with other 
apparatus. As a prerequisite to such a discussion we 
shall start with a survey of the ideals of signal transmis¬ 
sion. 

Only the more important types of transmission 
networks will be mentioned. These are; wave filters, 
eotbolizers, telephone transfortners, line balancing {i. e., 
simulating) networks, and artificial linep. 

I. Signals and Theie Transmission 

Signals, whether of systems of telephony (carrying 
speech and music)? telegraphy, or telephotography 
have qualities of wate composition which differentiate 
them from other electrical waves. These qualities 
determined largely the performance required of net¬ 
works which aid in their transmission, and thus provide 
much of the physical basis of transmission network 
design methods. From the purpose and circumstances 
of signals, it is obvious that they are essentially of a 
temporary character. They are used at a particular 
time to convey information and tliey cease as soon as 
their message has been transmitted. We may consider 
as pertinent examples of this, articulate speech, music, 
and telegraph signals. 

Consequently, even the most elementary of signals, 
such as a “single-frequency tone,” maintains an ap¬ 
proximate steady state merdy for a limited period. 
Such elementary signals can be used to convey only a 
very small number of different ideas. For the free 
interchange of ideas through signal^ we must employ 
either a ^complex code of artificial groups of signd 
elements to represent th^ characters of a written lan¬ 
guage, or'the much more complex signal elements 
(vowels, consonanjts, and notes) required in spoken 
language and music.* Because of economic considera¬ 
tions, in the case of'telegraphic signals, the duration of 
pulses and time between is made d) short that the 
transient state predominates, so that the distinguish¬ 
ing characteristics are largely transient in charac¬ 
ter. In the case of speech and music, owing tb changes 
in expression mudi of the'distinguishing characteristics 
are also transient in character. To put it another way, 
the envelepes the waves modvlale with time the char¬ 
acteristic frequencies which Hie sounds, if sustained, 
would tend to possess, and have an important bearing on 
the meaning conveyed by the signal. Preservation of 
these envelopes is a matter of transient state transmis¬ 
sion. But transient states really involve the transmis¬ 
sion of steady gtate frequencies grouped as conMnuous 
hands along the frequency scale. Preservation of 
entire content of a signal therefore involves consideration of 

4. The signals corresponding to pictures resolved for tran^ 
mission purposes are somewhat similar in form to telephone and 
telegraph signals. On the other hand, depending on the speed at 
which they are sent, they may require the use of a frequency 
range greater'even than that of speech or music; ^ ^ 

In connection with this section see ‘‘Transmission of Informa¬ 
tion,’* by R. V. L. Hartley in the Bell System Tech. JournaU July, 
1928* ^ 


* 

the transient properties of networks; i, e., involves their 
steady-state properties over a somewhat w ide frequncy 
range. 

The imperfections which may creep into the trans¬ 
mission of signals may be classified under three head¬ 
ings: improper signal volume, distortion of signal con¬ 
tent, and interference by waves foreign to the signals; 
that is, if waves are received of appropriate intensity, 
if the important frequency ranges are uniformly trans¬ 
mitted, and if nothing but the desired waves are 
received, the ideals of transmission will have been 
realized. Waves may be so strong as to cause physio¬ 
logical difficulties in reception, or so weak as not to be 
recognized. This means that efficiency of transmission 
is an important factor although, when amplifiers are 
used, partly an economic one. Signal distoriiion is of 
two kinds— amplitude distortion and phase distortion. 
Amplitude distortion arises from the transmission of 
different frequencies with unequal efficiencies and is 
highly important in all tsqies of signals, but its aggre¬ 
gate importance depends on the importance of the fre¬ 
quency components that are efficiently transmitted. 
Phase distortion results from different frequencies 
traveling with different velocities such that their relative ’ 
arrival times differ from their relative starting times. 
It is ordinarily less important in the transmission of 
speech than in other kinds, but the accumulation of 
phase distortion which may occur on long telephone <jir- 
cuits gives rise to undesirable transient effects. Inter¬ 
ference may be of two kinds: It may arise from the- 
introduction of energy into the communication circuit 
from outside, through electrostatic or •electromagnetic 
coupling, or it may result from the imperfect separation 
of several simultaneously transmitted signals or from 
the generation of extraneous frequency components 
through modulation. 

These three types of imperfections should be kept in 
mind in considering the functions of different tsrpes of 
transmission networks. 

II. Principal Functions of Transmission 
Networks 

The principal functions of the more important types 
of networks may be described as follows: 

Wave Filters 

It is characteristic of telephonic signals that their 
transmission requires the use of a continuous band of 
frequencies whose width may be perhaps 2000 cycles as 
a minimum and 6000 cydes as a maximum (both 
approximate). Where, as an example, due to economic 
factors it is desirable to transmit simultaneously two or 
more telephonic fre<iliency bands, whether this be done 
entirely conductively along wires or partly by radiation 
through space, discriminating means are required to 
make tiie transmission of a p^ticular communication 
channel eflBdent to that band, or those bands, of fre- 
quendes which are desired, while rendering the drcuit 
highly ineffident at other frequencies. To put this in 
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anoth^ way, means are required which will pass freely 
desired bands of frequencies, while hxgMy attenuating 
or ejctinguishing neighboring undesired bands of fre¬ 
quencies. This is the essential function which the 
wave filter serves. 

Equalizers • 

• 

In any telephonic signal which is to be transmitted 
efficiently, proper audition requires that all component 
frequenci^ be treated alike, in so far as efficiency of 
transmission is concerned, in order that some frequen¬ 
cies may not be unduly emphasized to the detriment of 
others. This uniformity of efficiency of a band of fre¬ 
quencies is required, of course, primarily as a charac¬ 
teristic of the over-all system travereed by the signal 


over a range of frequencies as is presented by the line; 
i. e., to simulate the impedance of the line. No through 
transmission is required of it. The design of such 
networks involves a choice of configurations of resis- 
tanc^,'capacities, and inductances which bear a close 
physical relationship to such impedance elements of the 
line as dominate its total impedance, and a determina- • 
tion of impedance values of the network elements in 
accordance with network theory. 

Artificial Lines 

The fuBction of artificial lines is tp exhibit some trans¬ 
mission property, or properties, oi a real line, at one 
frequency or over a range of frequencies, so that there 
may be compactly construfeted a network which will 


..... I, .r.. ] •• • . . “fs***". wustruciea a networK Which will 

Some parte of .a transmission system are inherently not serve for certain purposes' involving wave uronaffation 
canable of closelv uTiifnrm -p __i,_, mvuivuig wave propagation, 


capable of closely uniform transmission. For^example, 
unloaded lines have an attenuation which rises gradu¬ 
ally with frequency. The equalizer cannot restore 
the loss of effectiveness which occurs to some frequency 
components due to such distortion. Amplification of 
power requires such generative devices as vacuum tubes. 
What the equalizer can do is to attenuate efficiently 
.transmitted frequendes in such a manner and to such 
an extent that all desired frequencies suffer or prosper in 
transmission alike. 

Tdephone Transformers 

[Efficiency of transmission in telephone circuits is 
governed largely by “matching of impedances" at 
junction points in a drcuit. This is the chief purpose 
of telephone transformers. Because of the relatively 
high frequendes. employed in telephone work and be- 
' cause a rather wide band of frequencies needs to be 
transmitted, inherent internal impedances, such as 
those of winding capadties, become very important and 
r- require that the telephone transformer be 'considered 
primmly as a network. - In the case of transforms 


in place of a real continuous line. The artifidal line is 
generally a network of lumped, discrete impedance 
elements, whose constants are computed from network 
theo^. One of the most common forms of artifidal 
line is the variable attenuator, which is used as a basis of 
comparison in attenuation and transmission loss mea¬ 
surements. It is usually constructed of resistances so 
that over a wide range of frequendes it displays uni¬ 
form attenuation. Other forms of artifidal line, how¬ 
ever, ovOT a range of frequendes display the varying 
attenuation (and perhaps phase) properties of real lines 
and circuits and involve properly disposed inductance, 
capacity, and resistance units. In contrast to the 
equalizer, they simulate, rather than cojnpensate for, 
frequency-tr an s m i S sion characteristics. 

III. Secondary Functions of Transmi^ion 
Networks 

The functions of transmission ne^orks outlined in 
Section 2 show the ordinary reasons" for their employ¬ 
ment in communication systems. WTien so employed, 
however, since they must fit into the transmission 


wking into the very high input impedances of vacuum 

tubes or providing band transmission at hmh _, n^omously with other 


tubes or providing band transmission at high frequen- 
cira, we may say tiiat the frequency range of trans¬ 
mission and the transformation ratio of telephone 
transformers is as completely dependent upon the 
magnitude of inductance and capadty elements as are 
the characteristics of wave filters. 

lane Balancing Networks 

The two-way repeater circuit has essentially the form 
of an a-c. bridge in which a balanced condition depends 
upon both the similarity of certain transformer (hybrid 
coil) windings and the equality of impedance of the 
two halves of the repeater output cireuit. In the case 
of tiie 21-type (two-way, one-amplifier) repeater, the 
two halves are the telephone lines joined by the re¬ 
peater. In the case of the more stable 22-fype (two- 
way, two-amplifier) repeater, an output circuit «dsts 
at each end of the repeater and each telephone line is 
match^ in impedance against a "d umm y” linA, or 
balancing, network. The function of this network is 
solely to present the same impedance to the repeater 


- --— 

app^tus, they may be faced with numerous additional 
requiremehts. Occasionally, the latter duties may 
even provide the more diffidhlt design requirements. 
The more important of these possible secondary require¬ 
ments follow: „ r 

Effident Transmission 

This requirement applies particularly to transform¬ 
ers, wave filters, and §qualizers. Each of . these types 
of apparatus could fulfill its principal duties while con¬ 
suming B,n undue portion of the strength of signals en- 
trosted to it. Under some*conditions, amplification of 
signals by the use of vacuum tubes could offset this 
consumption from a transmission standpoint at an 
economic sacrifice, and the problem would then be one 
of economic balance; but in other cases the amplifica¬ 
tion would be objectionable because accompanied by 
|uch factors,as,amplification of noise, impoverishment of 
<arcuit balance, and loss of circuit fiexibilily. Efficient 
transmission is secured by proportioning materials so as 
to limit dissipation of energy. 
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Low Distortion 

It is not possible, of course, to secure entirely uniform 
transmission of all signal frequencies; and, indeed, re¬ 
finements of transmission in this direction beyond a 
certain point have economic limits. The qqpJity of 
signals is impaired, however, to the extent that dis¬ 
tortion exists. When distortion is excessive, equalizers 
often provide a desirable way of reducing it, but do so at 
a sacrifice in over-all circuit efficiency. 

Impedance Balance 

There is a number of kinds of impedance balance 
commonly found ih communication circuils. All of 
them are akin to balances in a-c. bridge circuits. They 
need to be maintained over bands of frequencies. 
Balancing arrangements offer a kind of selectivity 
which diffOTs from filter sdectMty in that in general 
it keeps apart throughout systems two trains of waves 
arising from different sources and drawn off to different 
destinations, instead of separating on a basis of fre¬ 
quency difference waves which have mingled in a com¬ 
mon circuit. An example is the balance necessary in a 
side-circuit, and therefore imposed on transformers or 
filt^ located in the latter, in order that currents 
traveling a superimposed phantom circuit may not 
interfere with side-circuit transmission. A second kind 
of balance is the repeater balance mentioned in Section 
2, which may lead to requirements on, say, filters lo¬ 
cated in the output circuits. Here the separation is 
between incoming and outgoing speech signals using the 
same frequency range. In other c^^pes, circuit balance 
is relied upon to prevent interference currents set up 
between circuit wires ^d ground from entering the 
circuit of the former. To obtain a high degree of 
balance, apparatijs located in a balanced circuit must be 
quite S3mametrical in its circuit impedances with respect 
to the associated circuit from which it is protected by 
balancing. ' 

Stoppage of LongitvMnal Currmts 

Longitudinal currents are those which tovel both 
sides of a circuit in the ^ame direction as pai^lel paths 
and return by some other path, generally a ground dr- 
cuit. They are objectionable because (1) they tend to 
enter th*e transmission circuit whose sides they travel,— 
in this case called a transverse circuit—through 
irregularities of balance in the latter, and to unite with 
transverse currents; and (2) irfmany cases they corre¬ 
spond to objectionable voltages of considerable strength. 
They may be eliminated in two ways; (if by providing 
for them a sh'drt-circuit path to groTxnd in the longitudi¬ 
nal circuit, and (2) by causing virtually an open-circuit 
gap to occur in the longitudinal circuit, each of the 
methods being so em'ployed as not to affect transmission 
in the transverse circuit. Transformers are required by 
either method. 

Transmission in Closely Associated Circuit ^ 

When the same wires are used to provide both side 
circuit and^hantom circuit transmission, it is a require¬ 


ment'of apparatus (such as transformers and filters) 
inserted in side circuits that they shall not impair trans¬ 
mission in the phantom circuit, and vice-versa. This 
means that apparatus in one circuit must not insert 
impedance in another circuit and requires close coupling 
between those impedance elements of networks which 
are located in smes with the line wires. 

Stdfnlity of Characteristics with Current Variations 

If the inductances, resistances, or capacities of a 
network are subject to variations in value with vai^ng 
current strength,—^as for example, is the cqse with the 
inductance and resistance of coils using unstable core 
materials,—two detrimental results are possible. First 
the frequency characteristics of the network will be dis- • 
torted as the current varies from its mean value. 
Second, a kind of modulation will occur, resulting in the 
generation of new frequencies whose presence will inter¬ 
fere with interpretation of signal waves traversing 
the network. Stability of characteristics is obviously 
to be secured by the use of materials whose perme¬ 
ability, resistance, and dielectric constant do not vary 
with current strength. 

Low External Coupling 

It is desirable that electrostatic and electromagnetic 
coupling between a network and parts of its own or 
other circuits be kept low; that is, that the network be 
self-contained electrically and receive and supply energy 
only through its normal input and output terminals. 
When coupling exists to some other circuit, (1) energy 
introduced from the latter circuit may interfo-e witii 
signals or (2) energy derived from the network may 
cause interference in the circuit to which it is coupled. 
When coupling exists to other parts of the circuit in 
which the network is located, (1) impedance balances 
may be upset, (2) large attenuations, as of a filter, may 
be nullified by bj^ss circuits, and (3) circulating cur- • 
rents of considerable stren^h may be set up when 
vacuum tubes are involved in the drcuit. Electro¬ 
static and electromagnetic shielding permits control of 
external coupling. 

Low Reflection Coejfkient 

Where networks connect directly or through other 
transmitting networks to a hne, it is desirable that the 
impedance offered by the network-to-line currents be 
such that, wave reflections are not set up in the line by 
ii^edance mismatdhes at its ends. Reflections result 
not only in undesirable tranaent waves in the circuit 
in which they originate, but cause interference into other 
drcuits and complicate line transposition problems.** 
Hence an impedance characteristic is usually prescribed 
for a network. • 

Parallel or Series Operation 

It is a requirement, particularly of groups of wave 
filters selecting signals for a«iumber of commiinication 
diannels, that the impedance of each in the transmitting 
ranges of the others be such as not to interfere with the 
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operation of the latter. In the case of filters'operated 
in parallel, this means a high shunting impedance; in 
the case of filters operated in series, a low series impe¬ 
dance. It is possible to meet this requirement since, 
in general, numerous configurations oi filter elements 
which will meet given transmission requirements but 
allow wide latitude, of choice of impedance character¬ 
istics, can be arranged. 

A number of considerations should be noted with 
respect to the above requirements. First, in any given 
circuit conditions, the requirements can be expressed in 
numerical measure so that networks can be designed to 
meet them quantitatively, and measured accordingly 
when constructed. Secondly, the various requirements 
which might be imposed on a network by circuit con¬ 
ditions tend, fqr the most part, to be conflicting, since 
they restrict choices of design, and must be evaluated 
and balanced from an economic standpoint. Finally, 
the ability of a network to meet the above requirements 
is subject to physical limitations which will be discussed 
in SectionTV. 

rv. Engineering Ldittations on Network Design 
AND Construction 

^ To work out theoretically a network of inductances, 
capacitances, and resistances which will offer certain 
desirable transmission characteristics over a frequency 
range, is a matter of following certain theoretical design 
methods. To build actual networks which will possess 
and retain these characteristics involves a large number 
of factors which come into play and which must be 
balanced against one another. 


used, discrepancies of either kind are not large enough 
to be impo^nt except in the case of apparatus which 
needs to be made very accurately. 

The form or configuration of a network introduces 
four invoortant factors leading to discrepancies; viz., 

(1) interactions between network elements, (2) dis¬ 
tributed impedance effects in the elements themselves, 
(3) admittances from elements to ground, and (4) 
effects of the wifing system. These are important 
factors which generally must be given careful con¬ 
sideration. 

For a giVen design, accuracy of network construction 
is dependent, primarily on (1) the accuracy of electri¬ 
cal measuring circuits used 4n conjunction therewith, 

(2) the fidelity of test conditions, and (3) the care and 
skill exercised in makihg adjustments. This assumes 
that the design is such mechanically as to permit close 
adjustments to be tnade. 

Stability of network characteristics under operating 
conditions is largely dependent on the materials em¬ 
ployed in construction. Suitable materials are usually 
limited in number either by economic considemtions or 
by the limitations of engineering knowledge. The chief 
sources of instability of characteristics are: changes 
with current variations (either temporary or perma¬ 
nent), changes due to temperature and humidity 
fluctuations, and a group of changes called “aging” 
which have to do with releases of stresses and fatigue of 
materials. 


Accordingly, it is necessary to point out the principal 
directions in which limitations are to be encountered, 
for the value of network design methods is limited 
exactly by the degree to which networks may be physi¬ 
cally constructed so as to give desired characteristics. 

Between the indicated theoretical performance of a 
network and its actual performance there enter in 
generally four types of discrepancies. They are con¬ 
cerned with the following four questions: (1) How 
accurately does the indicated theoretical performance 
correspond to the exact theoretical network chosen? 

(2) How nearly is the actual form or configuration of the 
network what it is theoretically supposed to be? 

(3) How accurately is the network constructed? 

(4) How stable are the characteristics of the network 
during operation? 

There are two sources of error which affect the the¬ 
oretical exactness of the computed performance of a 
, ^network; both have to do with the approximations 
which are necessary when mechanical aids are used in 
computation. One lies in computatiqns of the network 
constants (L’s, C’s, and R’s) from chosen significant fre- 
quenci^, impedances, or other design bases, and the 
other, in determinations of the characteristics them¬ 
selves either from the network constants or from the 
bases referred to. Ordinarily, when reasonable care is 


ENGINEERS REVIEW PROGRESS 
The summer convention of the American Institute of 
Electrical Engineers, held at Swamjiscott, Mass., last 
week, was notable for a group of technical committee 
reports that surve 3 »ed the several fields of engineering 
and for many papers that presented new developments 
in the art. It was made evident that the engineers are 
very busy these days and that the Institute is serving as 
a splendid rallying place for their social and technical 
activities. 


9i« * 4c 


The Institute is a needed agency in holding together 
■ * electncgl engineers. It gives oppor¬ 

tunity for the specialists to meet as a group to discuss 
their problems, and at the same time it serves as a unify¬ 
ing agency to weld together all electrical engineers into 
a professional entity. Moreover, it develops a sense of 
avic responsibilities and of the higher values in life so 
well outlined by President Schuchardt in his address. 
Any one who attended the Swampscott meeting came 
away with renewed loyalty and enthusiasm for the 
Institute and with the knowledge that the electrical 
^ne^^e continuing the work that is fundamental to 
the growth of the industry.—jPZec^ncai World. 
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Synopsis.—The Mexican Railway Company^ Ltd., locally 
known as Ferrocarril Mexicano, was the first railway built in 
Mexico, having been opened to traffic January 1, 1873. The main 
line runs between Mexico City and Vera Cr^z and is 364 mi. in 
length. There are six branch lines which increase the route miles to a 
total of 483. The most difficult portion of the line consists of 19 mi. 
of 4*7 per cent grade between Encinar and Boca del Monte where the 
table-land is reached. , % 

In 1931, when the road was returned to its owners, following 
five years of government operation, the property was found to he in 
an unsatisfactory condition, with operating expenses more than 
doubled, thereby ina'easing the opemting ratio from 0.51 in 1914 to 
0.79 in 1930. Higher wages and new working agreements were' 
largely responsible and continued to become more difficult. The 
mountain division had about reached its maximum capacity with 
the existing equipment, making it necessary to consider improvements. 

A study of the operating costs of this section was made in 1931 
from which it wa»s apparent that the electrification of that section 
would readily rdieve the congestion and i^dke it possible to more 
than double the capacity of the line, and at the same time accomplish 
a yearly saving of $533,000 in operating expense. The electrifica’- 
Hon was estimated to cost $3,4^0,000, thus indicating a return of 


T he electrification of the Mexican Railway (Fer- 
rocacrril Mexicano) is of special interest as being 
the first undertaking of this nature carried outin old 
Mexico. The initial study of the problems involved was 
made in 1921,""and in 1922 a contract^was signed for the 
construction work and for the electrical equipment. 
In 1925 tlie work was completed and electrical operation 
started. 

The operation has been so conspicuously successful 
that it would now seem to be of general interest to 
describe many of the details of constipaction and to give 
such operating data as are available. 

The main line of the Mexican Railway extends from 
Mexico City to the Gulf Coast at Vera Cimz and is 
264 mi. in length. There ^e six branch lines, making 
the total route miles 482. 

From •Mexico to Esperanza the line follows the 
general contour of the plateau, resulting in frequent re¬ 
versal of gradients, but none exceeding 1.5 per cent. 
The elevation at the terminus iji Mexico City is 7346 
ft. The highest point on the line is near Acocotla, 95 
mi. from Mexico, at an elevation of 8320 -ft., a rise of 
about 1000 ft. From this point to Esperanza, a dis¬ 
tance of 58 mi.^ the drop is 240 ft. with the surface undu¬ 
lating as before. 

At Boca del Monte (The Mouth of the Mountain), 
3.8 mi. west of Esperanza, thB plateau ends suddenly, 

1. General Electric Co., Schenectady, N. Y. 
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31 per cent on the gross investment including electric locomotives, in 
addition to the increased capacity and mahy qther advantages. 

Construction work was started in January 1933 and electrical 
operation between Orizaba and Esperanza was complete in January 
1935. The total cost for the 39 mi. section was $3,437,450.00. 
Internal disturbances delayed the work several months and reduced 
the traffic greatly. In March and April 1938 the traffic becomes 
comparable with that of September and October loM, for which 
period the actual traffic records and operating costs for steam opera¬ 
tion had been used as a basis for comparison with the estimated cost 
of an equal trafiic with electrical operation. 

A com 2 )arison of actual operating costs of items affected by electri¬ 
fication for the two periods showed that 10 electric locomotives had 
hauled 36 ^er cent greater tonnage in 40 per cent less train hours 
than had 35 steam locomotives and at 50 per cent of the cost for items 
affected. When the fig ures were properly adj usted to compensate for 
increased tonnage and higher wages, the saving indicated was at the 
rate of $663,348 per year, a return of 36 per cent on the total cost 
of the electrification. 

In the meantime the general results had been so satisfactory that 
the electrification was extended 35 mi. south to Paso del Macho, 
making a total of 64 mi. at a cost of $3,606,937.00. 


and the descent for the following 19.0 mi. to Ehiduar is 
very rapid. 

At Santa Rosa the line enters the Valley of the JRio 
Blanca and the grade becomes normal on to Orizaba. 

From Orizaba to Paso del Macho the drop is con¬ 
siderable though much less rapid than that just de¬ 
scribed. In the 35 mi. there is a descent of 2466 ft. 
There are some comparatively long sections of tangent* 
track, and the curves, except in the loop on the Metlac 
Bridge, are not unusually numerous or seriously sharp. 

The original chart®* for the road was granted in 1855 • 
and it was opened for through traffic January 1,1873, 
eighteen years later. 

The history of its promotion, construction, and opera¬ 
tion was in close ssmehronism with that of the country. 
The road had become prosperous during the compara¬ 
tively settled conditions under the rule of Diaz, but the 
revolution of 1910 established a new government which, 
in November 1914, took the road from its owners and 
operated it until August 1916, when it was returned to 
the owners. It was again seized in April 1917 and held 
untij June 1920, making more than five years of govern¬ 
ment operation. 

When returned, the property was in very poor condi¬ 
tion, much of the equipment being inoperative, and with * 
no materials for repairs. Operating expenses had also 
been abnormally ailected during the interval by sub¬ 
stantial increase in wages, as well as by unusually expen¬ 
sive working agreements insisted on by newly formed 
labor organizations, all of ^hich were becoming in¬ 
creasingly burdensome. 
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The semi-annual reports of the Mexican Railway for 
the six months ending December 31, 1920, the first 
period of operation after the return of the property by 
the Government, compared with a similar period of 
1913, the last six months of operation by the owners 
prior to Government operation for which the records 
were available, indicated that the operating costs had 
more than doubled dxiring the interval, thereby increas¬ 
ing the operating ratio from 0.51 in 1914 to 0.79 in 1920. 

In the fall of 1921 the business on the railway had 
grown so that it became very difficult to get the traffic 
over the mountain division from Orizaba to Esperanza, 
which had always been the proverbial bottle neck. 
On October 25 a total of 14 trains, two of which were 
passenger, (an aggregate of 4648 tons), was taken up the 
mountain, establishing a record for the division and 
indicating that the economic capacity of ths single 
track line with existing type of motive power had been 
reached and that improvements of some kind were 
necessary. 

In Novanber 1921 a study of the mountain division 
was begun for the purpose of determining the results 
that might be expected from the electrification of thk 
congested district. About two months were spent in 
looking over the line and equipment, stud 3 dng the con¬ 
ditions and securing operating data and costs. An 
equal time was required to analyze these data, estimate 
the cost of electrification and the savings in operating 
expenses that would result, and to prepare a report 
which was submitted in April 1922. 

■ The unsettled conditions that had existed in the 
coimtry for the preceding ten years and the taking 
.over of the railrohd by the Government betwe^i 1914 
and 1920 rendered the records for any of this entire 
period unsuitable for forming a basis for the usual 
method of estimating the traffic that might reasonably 
"be eqpected oyer the line fpr the following years. 

The management of the railway suggested that the 
months of September and October 1921 should be taken 
as a batis for the study since the traffic conditions and 
operating costs during that period were more repre¬ 
sentative of anticipated future conditions than any 
other period for which records were available. 

The mountain district constituting the line between 
Orizaba and Esperanza, a distance of 29.5 mi., wastibien 
operated as a separate district, and accurate operating 
expenses and statistics for steam operation were readily 
available for comparison with corresponding estimaefed 
costs of electrical operation. 

^ The line between Orizaba and Paso del Macho was 
' also included in the original study, but since this was 
operated with the remainder of the line on into Vera 
Cruz and the result of electrification could not be so 
definitely determined until an exact schedule of opera¬ 
tion had been decided upon, only an approximate 
estimate was made for this section. 

Of the 29.5 mi. between Orizaba and Esperanza, the 
19 mi. between Encinar and Boca del Monte whi<ffi 


had been given careful consideration in the origiml 
survey again became the determiningfaetor rektive 
to motive power. The actual rise in the 19 mi. is 
approximately 3600 ft. equal to an uncompensated 
grade o^.6 per cent. With the exception of the first 
2.5 mi. of this heavy grade just out of Encinar there is 
practically no tangent track, but continuously reversing 
curves many of which are on a radius of 361 ft., equiva¬ 
lent to 16.5 deg. • 

In locating the line it was apparently intended to 
keep the uncompensated grade at a maximum not to 
exceed 4 per cent, and the maximum curve at 16.5 deg. 

A check on the most difficult point on the line revealed 
that on short sections of the line 500 ft. in length the 
compensated grade was 5,2l per cent. The average 
grade for IH mi- at tlwis point was 4.7 per cent which 
was therefore considered the ruling grade for the 
division in preparing the specifications for electric 
locomotives. 

The average weight of the passenger trains was about 
235 tons but they vJ|fi5d between 165 and 350 tons. 

The steam locomotives that were generally used for 
handling both freight and passenger trains on this 
division consisted of 82 four-cylinder Fairlie engines, of 
PingliRh build. These engines were designed especially 
for mountain service having pack-saddle tjqje tanlm for 
fuel oil and water over a double-ended boiler which was 
mounted on two three-axle swivel trucks, all the weight 
being bn the drivers. The engines had the appearance 
of two three-axle switching locomotives coupled with 
cab ends together. * , 

The firebox was in the middle of the engiftes and 
contained two oil burners, tBe cab being ever this 
central portion and the engineer located on one side 
of the boiler with the fireman on tiie opposite side. 
The engines ran equally well in eitiier direction, and 
having a comparatively short rigid wheel base with all 
weight on the drivers, at once deprived the electric 
locomotive of three of its usually boasted advantages. 

The 32 engines were all of the same general type but 
of variable ages and weights Banging from 84 tons to 
162 tons. Practically all freight trains and most of the 
passaiger trains required two engines. In th% case of 
the passenger trains, both Fairlie engines w^e placed 
at the head of the train witii a box-car between jand with 
tiie frdght trains, an ragine was placed at each end. 
The average weight ol the trains, up grade, was 317 
metric tons or 360 U. S. tons. The down grade tons 
were considerably less as almost two-thirds of the traffic 
was northbound. * 

The operating data and actual costs of the steam 
operation for the months of September and October 
1^1 were taken as a basis for estimating the saving 
that might be expected to result from the electrification 
of the Orizaba-Esperanza district. Only the items of 
eporating costs which would be most vitally affected 
were considered. The estimate as submitted in the 
report follows: , 
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Steam 

Electric 

Saving 

Ratio 
steam to 
electric 

Wages of enginemen. 

$108,802 

$ 31,354 

$76,5381^ 

3.44 

Wages of trainmen. 

85,290 

23,191 

62,099' 

3.68 

Fuel and po'wer. 

221,790 

150,000 

71,790 

1.48 

Kepaifs to locomotives. 

355.248 

61,111 

304,157 

6.95 

Enginohouso expense. 

20,946 

5,841 

15,105 

3.67 

Lubricants. 

10,656 

2.921 

13,736 

6.70 

Substation oper. and maiut... 


11,7^0 



Maint. distributing system... 


9,625 

•• 


Total. 

$808,822 

$285,793 

$523,029 

2.82 




The estimated cost of the electrification as submit¬ 
ted was: 


or $15,661.00 per route mile including an 8-track yard 
one-half mile in length at Orizaba. 

In 1926 the trolley line was extended 16 mi. east¬ 
ward to Cordoba at a cost of $233,556 or $14,597 per 
route mile including an 8-track yard at Cordoba similar 
to that at Orizaba. 

In May 1928 the distribution system was completed 
to Paso del Macho, 18.5 mi. south of Cordoba, with 
only a single 500,000-eir. mil copper positive feeder to 
Potrero and a 4/0 negative feeder throughout at a cost 
of $230,676.00, or $14,090.00 per mile. The total cost 
for the 64 route miles of distribution was $926,243.00, 
or an average of $14,472.00 per route mile. 

Substation 


10—150-ton oleetric locomotive units.. $1,420,000 

1—6000-kw. substation.?. 350,000 

30—Route miles distributing system... 430,000 

Engineering and contingencies... . 220,000 

Total gross capital investment.. $2,420,000 


The report accordingly indicated a probable saving 
of $523,029.00 per year by the expenditure of approxi¬ 
mately $2,420,000; or a return of slightly more than 
21 per cent on the gross investment which included 
electric locomotives. 

A similar study of the line between Orizaba and Paso 
del Macho was made at the same time, but as the savings 
that seemed probable were sufficient for a return only 
about half that of the Orizaba-Esperanza district, the 
report recommended that only the Ihtter be imdertaken 
in the*beginning. 

After a very careful ^mination of the report by the 
Operating Department of the railway, it was approved 
and recommendeid to the Board of Directors. 

In October 1922 a contract was made for the required 
equipment and materials including, the general super¬ 
vision of the installation. Actual work on the ground 
was begun in January 1923 and the work was completed 
and all trains being hauled electrically by January 1925. 

' DisTRisunoN System 


One substation located at MaJtrata, practically in the 
colter qf the distribution system,—10.2 mi. by feeder 
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Fig. 8—Plan of Maltrata Substation Showing Location* 
OP Apparatus 


from each end, and the Bota loop which is 7.5 mi. 
around, located in between—^was sufficient for the 
service. 


The simple catenary system with a double 4/0 
trolleynver the main line and a single 4/0 trolley over 
passing tracks and yards, similar in general to that used 
on the Chicago, Milwaukee, St. Paul & Pacific Railway, 
was adopted. » 

Of a total of 1920 poles required for the supporting 
structure, 405 were concrete and 1515 wdre made from 
old 82-lb. rails which had been replaced and temporarily 
abandoned. The cost per pole was $45.52 for concrete 
and $34-00 for the rail. 

Bracket construction was used generally. Two 
500,000-cir. mil copper positive feeder cables and one 
4/0 negative feeder cable were used over the greater 
distance of the line, and a single 250,000-cir. mil 
electrically-welded bond was installed'at each Ail 
joint. The cost of the distribution system inclusive 
of poles and fixtures for the 29.50 mi. was $462,011i00 


Fig. 8 shows a plan of this substation and Mg. 9 the 
interior of the generator room. 

Power is purchased from the Puebla Tramway Light 
& Power Co. at 42,000 volts, three-phase, 60 cycles. 
The equipment of the substation consists of two three- 
upit, 3000-volt motor-generator sets, with transformers 
and switching gear, all of which are standard apparatus 
of the same general design as used on the Chicago, 
Milwaukee, St. Paul & Pacific, Spanish Northern and* 
Paulista Railroads. 

Building room •and completed foundations are pro¬ 
vided for a third similar unit when desired. 

The extension to Paso del Macho required a second 
substation located at Potrero, 89 mi. from Maltrata. 
This is practically a duplicate of the Maltrata station 
except that the units are of 1500-kw. capacity, the 
grades being mudi less on this end of the electrified 
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section. The total cost of the Maltrata substetion in¬ 
clusive of buildinp was $452,726 or $75.50 per kw. 
The cost of the Potrero station was $234,194, equal to 
$78.00 per kw. or an average for the two of $10,733.00 
per route mile of electrification. 

Locomotives 

Ten 150-ton electric locomotive unith, class B+B-f-B, 
equipped with six twin-geared motors,’ mounted on 
three articulated trucks, were supplied for the initial 
electrification. Each unit is capable of exerting a 
continuous tractive effort of 60,000 lb. at 18 mi. per 
hour with 2700 volts at the locomotive, and has three 
speed combinations which provide continuous running 
points for 6,12, or 18, m. p. h. at full tractive effort; and 
two shunting joints provide correspondingly higher 
speeds on each of these combinations with lighter loads 
up to 40 m. p. h. These locomotives are provided with 
regenerative braking features. 

Two additional duplicate locomotives were supplied 



9—Intbriok op Maltrata Substation Showing two 
3000-Kw., 3000 -Volt Motor-Generator Sets and High¬ 
speed Circuit Breakers 

this year for the extension to Paso del Macho, making 
a total of 12 units for the 64 mi. of electrification. All 
locomotives are suitable for both freight and passenger 
service. 

Tbansmission Line 

A 42,000-volt transmission line, consisting of six steel 
centered 1/0 aluminum cable supported on “A” frame 
steel poles with anchor towers about each five pole, was 
built to bring the power from the Tuxpango Power 
House to Maltrata, a distance of 17 mi. The cost of this 
line was $187,242 or about $11,000.00 per mile. A 
flimilar line of about equal length, except that only 
three conductors will be installed for the present, is 
under construction to Potrero. , 

Electrical Operation 

The Orizaba-Esperanza district has been in.full 
operation electrically since January 1925, thus mairifig 
tihe records available for four years. The operation 
has been quite successful, as may be judged from the 
total complaint account which was about $3,000.00, 


and by the maintenance and operating costs given here¬ 
with. 

The rebellion which occurred unexpectedly in Decem¬ 
ber 1923 not only increased the cost of the construction 
by completely stopping the work for four months just 
when fully organized, but was also responsible for a 
general recession in business which reduced the traffic 
over the electrified line to about 66 per cent of that for 
the period used in^he estimate. 

Early in 1928 traffic increased to a p)oint some in 
excess of that during September and October 1921, thus 
affording an opportunity to check tffe estimates which 
had been made in thereport leading to the electrification. 
Operating records practically identical with those for 
September and October, duringsteam operation, were ob¬ 
tained for the monthsofMarchand April 1928 with com¬ 
plete electrical operation. The comparison for the two 
periods showed that after proper adjustments had been 
made for increased prices, for fuel and wages and the 
excess tonnage, the operating costs for March and 
April with, electrical operation, were at the rate of 
$404,652.00 per year as against $1,068,000.00 per year 
with steam operation, thus indicating a saving of 
$663,348.00 per year or 62 per cent in favor of electrical 
operation. 

The adjusted costs of steam operation and the actual 
corresponding costs of electrical operation placed on a 
yearly rate for direct comparison and for checking 
the estimate were as follows: 



.r 


_ r 

Sav 

Ing 


Steam 

Electric 

Indicated 

Estimated 

Elnginemen. 

S185.946 

$87,300 

$98,556 

$76,538 

Trainmen. 

130,332 

64,326 

66,006 

62,009 

Fuel or power. 

300,834 

186,840 

ell3,904 

71,790 

Bepairs to locomotives... 

408,364 

35,814 

372,640 

304,137 

Enginehonse exp. 

23,388 

11,670 

• 11,718 

16,105 

Lubricants. 

19,146 

652 

18.694 

13.735 

Substa. oper. maliit. 

• 

12,924 



Trolley oper. maint. 


5,136 



Total. 

31,068.000 

$404,652 

$663,348 

$523,029 


The indicated saving of $663,348.00 per year in 
favor of electrical operation is 27 per cent greater than 
the estimated saving of $623,029.00, but this is largely 
accounted for by the 36 per cent increased toimage 
actually handled above that on which the estimate 
was based. 

The savings indicated for the items listed represent 26 
per cent eamirigs on the gross cost of the electrification 
of the 29.5 route miles of the district electrified, which 
alone should be considered a very satisfa(?tory invest¬ 
ment; but with the addition of the many other advan¬ 
tages resulting,—such as increased capacity of the line, 
reduction in running time,.wear on wheels and brake 
shoes,-—with consequent reduction of acddaits from 
broken wheels due to overheating while braking, all of 
whjph, if fully valued would add many hundreds of 
dolors to the credit of electrical operation; those 
items ordinarily bang too diflacult to accurately 
segregate into definite amounts. 
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The gross cost of the 64 route miles now electrified, 
including transmission line now under construction and 


August 1929 

The earning on .investment as shown is on the gross 
investment including the cost of electric locomotives, 
whereas steam locomotives to do an equal service on 
this section of steep grade would have cost approximately 
as much as the electric locomotives. Therefore, the 
cost of electrification should be entitled to a credit 
amounting to the cost of the locomotives, which in 
this case would reduce the cost of the electrification 
about 46 per cent, and thus make the earnings on the 
net investment for the electrification about 47 per cent. 


two duplicatelocomotivesrecently delivered, was approx¬ 
imately $3,607,000.00 or $66,368.00 per route mile 
electrified. The original estimate was $4,032,600.00, 
but experience from the two years’ operation of the 
original district ipade it evident that the trafiic could 
be handled safely with 20 per cent less electric locomo¬ 
tives than had been thought necessary at the time the 
estimate was made. 
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Speed, Indicator and Frequency Meter 

BY E. H. GREIBACHi 

Non-Member ^ 

Synopsis*—The design of a simple mechanical speed indicator, 
consisting of a rotating cup and a hall placed inside of the cup, is 
described and discussed. This speed indicator can be built to 
give precise indication through a range *of d= 2 per cent of a given 


speed. The order of precision in reading is about 1/10 of 1 per cent. 
When driven positively by a synchronous motor, it can be used as 
an accurate frequency meter. 


T he fact that centrifugal forces are proportional 
to the speed of rotation has been utilized in the 
design of many mechanical speed indicators. 
These indicators consist either of rotating masses whose 
centrifugal forces are balanced by means of springs or 
weights, or they are rotating containers in which liquids 
are made to assume various shapes. In the|^first case, 
a deligate system is required to indicate the position 



m(|u>* 


of the masses, w;hile in the second case, a, complicated 
shape of the container is required in order to get a 
correct and easily observable indication of the speed of 
rotation. 

Although based on the same law of proportionality 
between speed and centrifugal force, the apparatus 
described in this paper offers greater simplicity and 
ease of operation. 

--^^ 

1. Research. Department, Westinghouse Elec. & Mfg. Cd., 

Bast Pittsburgh, Pa. 


A cup-shaped container, preferably transparent, 
rotates around a vertical axis. One or more balls of 
suitable material, such as steel, are placed inside the 
cup. These balls are subject to the influence of centrif¬ 
ugal forces as the cup rotates. (Pig. 1) 

The centrifugal force acting on each ball has a 5om- 
ponent in a direction tangential to tlie generatrix 




SECTION A B 


PlQ. 2 


of the inside surface of the cup. (Fig. 2) This com-,' 
ponent causes the ball to climb along the inside wall 
until it is counterbalanced by the component of weight 
acting in the opposite direction; or, in other words, the 
ball is,,in equilibrium on a point of the generatrix when 
the centrifugal force and gravity give a resultant which 
is perpendicular to the tangent. It is evident that the 
slope of the tangent is a function of the radius and the 
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angular velocity of the cup. Therefore, when a cup 
is made whose slope and radius vary in a propo" manner, 
each point on the generatrix corresponds to a definite 
velocity for which the ball is at rest. By providing a 
stationary scale, properly graduated, the speed cor¬ 
responding to each position of the ball can be read. 

The inside surface of the cup can ejisily be calculated 
to give any required scale distribution. For most of 
the applications a uniform scale is desirable. The 
calculation carried out for a speed indicator having a 
uniform scg,le distribution shows that it is very easy to 
build cups for a narrow scale range; i. e., cups which 
would indicate the speeds varying through a range of 
± 2 per cent (or less) of a given speed. In the design 
of the cups, due consideration must be given to the 
rotatory velocity of the cup. It can be shown that 
the curvature of the generatrix of the cujf surface 
varies inversely as «o. Since a greater curvature is 
desirable in the design of the glass cup, it is advisable to 
reduce the cup velocity by means of gears when design¬ 
ing indicators for high velocities. The indications of 
the cup are independait of the specific mass of the 
material from which the balls are made; however, the 
diameter of the balls has a certain influence, an in¬ 
crease in the diameter of the ball will shift the scale into 
a slightly higher range. This influence of the diameter 
of the balls can be used while calibrating cups in 
order to correct for some deviation from the exact 
dinflensions. 

The cup must be set in vertical position to insure 
maximum accuracy. It should be pointed out, how¬ 
ever, that predaqn in settingthe cup, although desirable, 
-is not essential for ordinary conunerdal purposes. 
If the cup is steep, this is true because for small angles 
of deviation from the vertical, the variation of the 
^component of gravity parallel to the generatrix is 
negligible. 

A desirable feature of the apparatus is its property 
of indicating only the average when the speed imdergoes 
rapid fluctuations. This characteristic is easily ex¬ 
plained by remembering that the ball, however small, 
possesses a certain amount of inertia and that the effect 
of friction is negligible against the effect of inertia. 
Furthermore, it was found by experiment that on 
account of the friction being very small, the indicator 
acts sluggishly; i. e., the ball does not readily follow 
variations in the speed of the cup. Therrfore iti is 
necessary to provide a means of accelerating the ball. 
A convenient means is to use a trau^arent vertical 
. plate inside pf the cup, fastened to the shaft and extend¬ 
ing, radially, close to the inner surface of the cup, as 
shown in Mg. l.» 

The indicator does not contain any parts that are 
subject to rapid wear or deterioration.; It wilLmain- 

^ T]i 6 ‘Writer is indebted C. R.’ Samia for tbe su^^^stion 
of this constnictioii of the Spccelhrfttiii^ plftte. 


tain its calibration therefore, over an indefinite period 
of time. 

The logical application for this instrument is for 
accurate indication of small variations in speed. By 
properl;f designing the cup, very positive indications of 
plus or minus 2 per cent of a given speed can easily 
be obtained. Of course the apparatus can be made to 
give indications of speeds varying over a much wider 
range if desired. 

When driven positively by a small synchronous 
motor, this instrument can be used as a precise fre- 
qumicy meter, having a full scale range corresponding 
to two cycles or less when based on 60 cycles. As the 
cups can be made quite long, these frequency meters 
can be used to indicate frequency variations as low as 
one-tenth of one cycler 


ELECTRIC POWER IN THE SOUTH 

That the electrical development of the southern 
states has been the most important factor in the eco¬ 
nomic renaissance of this section is generally recognized; 
but the fact that in recent years the South has been 
forging ahead electrically at a far more rapid rate than 
has the country as a whole may not be generally known. 

The actual figures are rather amazing. They show 
that during the five-year period from 1922 through 
1927 the increase in generator capacity in the 16 
southern states was 122 per cent as compared with 80 
per cent for the entire country; while the increase in 
kw-hr. output during the same period was 134 per cent 
in the South as compared witiu85 per cent for the coun¬ 
try as a whole. 

During 1928 the increase in output for the entire 
country was nearly 10 per cent; while in the southern 
states alone, the increase was more than 16 per cent. 
The figures of thetJ. S. Geological Survey for the first 
two months of 1929, as compared with the same period 
of 1928, show that this ratio is still being maintained. 

This rapid rate of increase brought the South’s 
proportion of the total output of the entire country 
from approximately 16}4 per cent in 1922 to more 
than 20 per cent last year. Production in the South 
last year was nearly eighteen billion kw-hr. as com¬ 
pared with less than eight billion in 1922. 

There has been an mazing increase in efficiency of 
fuel plants iji recent years. In 1919 coal consumption 
averaged 3.2 lb. per kw-hr., while in 1928 this had been 
reduced to 1.76 lb., or a reduction of neafly 60 per cent. 
But despite this increased efficiency of fuel plants, which 
has been widely proclaimed, the output by water power 
has increased more rapidly than the output by fuel 
power during the last four years. Last year nearly 40 
per cent of the total output of the country was generated 
water pqwer, while in the southern states the pro¬ 
portion was nearly 60 per cent—Electrical Souih. 
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TRANSATLANTIC TELEPHONE CABLE 

Last year the American Telephone and Telegraph 
Company announced that the Bell Telephone Labora¬ 
tories had perfected a deep sea telephone cable suitable 
for transatlantic operation. Work is now going for¬ 
ward actively on the development of a cable system of 
this type for connection between London and New York 
City and it is possible that this drcxyt will go in service 
as early as 1932. While the new cable will yield only a 
single telephone circuit, this will be one of maximum 
reliability, free from the variations characteristic of 
radio circuits. It'.is not the idea that the cable will 
replace radio circuits but it will add considerably to the 
reliability of New York-London service as well as adding 
to the total message capacity. 

The route of the cable is not settled in detail, but it is 
probable that the main transatlantic link will extend 
directly from Newfoundland to Ireland, a cable length 
of approximately 1800 nautical miles. From New¬ 
foundland it is expected that the circuit will be carried 
through several sections of submarine cable to Nova 
Scotia; thence by land circuits through Nova Scotia, 
New Brunswick, and tiie New England states to New 
York City, where it will terminate. Prom Ireland the 
circuit will probably be carried through submarine 
cable to Scotland and thence by land cable to London, 
which will be the other terminal. 

The new cable will be of the continuously loaded 
type. For t^he loading matmial, it is planned to use one 
of a new series of alloys which are*designated as “per- 
minvars.” These are composed of nickd, cobalt, and 
iron, to which may bemadded small amounts of non¬ 
magnetic metals sudh as molybdenum. They are 
characterized by high resistivity and by having a con¬ 
stant pameability over a wide range of magnetizing 
force. , 

The conductor will be insulated with a new material 
“paragutta.” Submarine cables in the past have been 
insulated with gutta-percha or closely related materials, 
and in a few cases with^rubber compounds. Paragutta 
makes use of similar raw.materials, but so combined 
and treated,as to give superior, electrical properties 
with mechanical properties similar to gutta-percha. ^ 

A ranarkable feature of the cable is the high attenua¬ 
tion which it is proposed to pse. It is possible that 
successful operation can be obtained with an attenua¬ 
tion of approximately 160 db. for the high frequencies 
of the voice range. This is a much greats attenuation 
tiian that at which tdegraph cables are operated. 
Such a high attenuation depends on two features of the 
cable; the characteristics of perminvar are such that 
a relatively high sending level can be used, and by means 
of special construction, the cable will be shielded against 
interference so that a very low receiving level can be 
employed. r 

To make two-way operation possible, voico-operated 


switching mechanisms will be required at the two ter¬ 
minals. These devices will permit the circuit to be 
operated only in one direction at a given time, this 
direction of transmission, however, being automatically 
controlled by the speech waves of the two talkers so 
that conversations may be carried on in a perfectly 
natural manner. . 


IRON AND STEEL PRODUCTION 

Annual Report of Committee on. Applica¬ 
tions to Iron and Steel Production* 

To the Board of Directors: 

Because of themagnitude of the projects and the rapid 
development that is taking place in certain phases of the 
iron and steel industry, especially in regard to appli¬ 
cation of electric power an annual report of appli¬ 
cation of electric power, to the iron and steel industry 
must necessarily be a continued story from year to year. 
These developments are keeping pace with the investi¬ 
gation of the metallurgist, which investigations have 
resulted in new processes for shaping steel. 

While during the past year, there have been no new 
steel plants built, many plants have added to tiierr 
equipment. During the ye^ of 1928, the steel industry 
purchased in main drive motors a total exceeding 
200,000 hp., the units ranging from 300 to 7000 hp. 

It is interesting to note that of this total, approxi¬ 
mately 80 per cent are d-c. machines. This is largely a 
result of the installation of several new continuous mills 
with individual motor drive for each stand of rolls. 

Synchronous motors for driving constant speed mills 
are increasing in number every year, and dxuing the 
past year, synchronous motors have been supplied rang¬ 
ing in size from 400 to 5000 hp. 

A mill drive of tmusual interest which is now bain^ *, 
installed is that for the ^6-in. reversing Universal 
slabbing mill at the Steubenville, Ohio plant of the 
Wheeling Steel Corporation. This is the first instance 
in this coimtry in which separate reversing motors are 
used for driving the horizontal and vertical rolls of the 
mill. The motor which will drive the horizontal rolls 
is a single-armature d-c. machine rated 7000 hp. con¬ 
tinuous, 60/100 rev. per min., 750 volts. 

The number of continuous mills having stands 
individually driven by adjustable speed motors 
still ^ows. , The largest drive for a miU of this type 
which has been purchased during the year is that for the 
60-in. wide strip mill at the Wheeling Steel Corpora-^ ^ 
tion’s Steubenville plant. The total continuous rating' 

*COHMITmB ON AP^CATION TO IRON AND STBBL PRODUCTION: 

M. M. Fowler, Chairman, 

A, O. Bunker, A. M. MacOntdieon, G. E. Stoltz, 

F, B. Crosby, O. Needham, Wilfred Sykes, 

A. O. Ohimmlna, A. G. Fierce, T. S. Towle, 

Samuel L. Henderson, F, O. Schnure, J. P. Wrightr 

Presented at the Summer Convention of the A. I, E, E,, Swamp- 
scott, Mass,, June 19^9, Printed complete herein 
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of the motors on this mill is over 20,000 hp.^and d-c. 
power will be furnished by three 4000-kw., motor- 
generator sets. 

During 1928 the American Rolling Mill Company 
placed in service a new wide strip mill. This mill is 
laid out to produce ^rip material up to about 60 in. 
wide and is one of the largest strip mills yet installed. 
The total capacity of the 11 driving motors is 21,800 
hp. 

The manufacturers of wide strips continue to enlarge 
their manufacturing capacity and apparently the end of 
their research and development is not in sight. The 
success of wide strip rolling is in considerable measure 
due to the accuracy that can be secured through 
modem electric drives and control equipment naing 
individual motor drive of stands. 

Time limit control of acceleration has now been in use 
on mill auxiliary drive for three or four years and has 
proved extremely successful. 

A mill type motor which completely meets the recent 
standardization rules of the Association of Iron and 
Steel Electrical Engineers in all respects as to rating, 
speed, and dimensions is now in successful operation in a 
ferge number of steel mills, one installation of almost 
200 motors having been in use for a year and a half with 
no troubles. 

As regards the construction and design of main roll 
motors, such machinery is now largely being fabricated 
from rolled steel products by means of arc welding. The 
lAagnet frames of practically all of the large d-c. ma¬ 
chines are now constructed from rolled steel slabs with 
feet and lugs weMed to them. The stator frames of 
synchronous and induction motors are fabricated from 
steel plates and bars welded together, and the rotors of 
some of the synchronous motors are also being fabri- 
'hated from plates and slabs. 

The use of these fabricated frames has reduced cost 
and reduced manufacturing time for large electric 
motors. It also improves commutation and other 
characteristics, and it has become a definite feature 
in the new era of steel mill electrification. 

The statistics for 1928 show that there was a total of 
188 cranes purchased in the iron and steel industry, all 
having electric drives. 

In the field of yard transportation, the Diesel electric 
locomotive is proving extremely successful in reducing 
operating and maintenance cost. 

During the current year, the Ward Leonard type of 
control has been successfully applied to blast furnace 
skip hoists at the Bethlehem Steel Company’s Plant at 
Sparrows Point, ^d also at the Tennessee Coal and 
Iron Company in Alabama. Engineers may not 
generally appreciate the limitations of the hoist equip¬ 
ment of -blast furnaces, p^icularly on those furnaces 
that have been greatly iuCTeased in size in the last few 


years and are equipped with hoists of the single bucket 
type. The Ward Leonard control installed at Sparrows 
Point has quite materially helped furnace filling condi¬ 
tions and made it possible to secure increased outputs 
on theirtfumaces. 

The electrically operated mud gun is one of the most 
outstanding developments witnessed by the blast 
furnace industry in many years. Before describing the 
new gun and its operation, a brief consideration of 
the work previously involved in stopping an iron notch 
will perhaps aid the reader unfamiliar with blast fur¬ 
nace operation to grasp the significance of the new 
development. 

Tapping holes in the early days of ironmaking were 
closed by ramming in Jiall^ of fire day with what was 
known in blast furnace parlance as a stopping hook. 
The operation was performed by hand and required 
keeping the furnace off blast for a short period of time. 
As the size of the stacks was increased, higher blast 
pressures were used and higher production obtained. 
This increase in the quantity of molten metal in the 
hearth and the blast tested the skill of the furnace 
keeper in stopping back the notch so that the iron would 
not trickle through after the blast was applied. 

The mud gun, which is operated by three mill tsqie 
motors, enables the operator to stop back the notch 
without taking the furnace off the blast. 

Public utilities are showing increased interest in the 
possibility of assuming steel mill,loadsand have entered 
a few plants supplying a part of their power require¬ 
ments. Because of the economical use of what have 
heretofore been waste gases around a steel mill, compe¬ 
tition between the public utility and the steel mill in 
the generation of power is of course very keen. Appar¬ 
ently the possibility of a public utility entering a steel 
mill depends not upon its ability to take over e-gigting 
load under competitive conditions, but the possibility 
of assuming new loads brought about by increased 
manufacturing capacity of the steel plant. This phase 
of the public utility power outlet is comparatively new, 
but is assuming greater import^ce each year. 

During the current year; the first steel mill inter¬ 
connected transmission system was placed in service by 
the Carnegie Steel Company and tiie National Tube 
Company in the Pittsburgh District. This transmis¬ 
sion system consists of a long span, double-drcuit tower 
line, similar in design to recent public utility practise. 

It is operateif at the present time at 44,000 volts. Five 
steel mill and coke plant power plants/t having gen¬ 
erating equipment aggregating 150,000 kv-a., are 
interconnected. The purpose of this interconnection 
is to transmit in the form of electric power, a-gpop R by¬ 
product fuel available at any plant to other plants where 
a shortage of such fuel may exist. It is an essentia] 
feature in the complete utilization of excess blast fur¬ 
nace gas, coke breeze, etc. 
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Institute and Related AcrlyrriES 

A Most Enjoyable Summer Convention 


HELD AT SWAMPSCOTT 


One of the most thoroughly enjoyed meetings of the Institute 
was held June 24-28, when over 1000 members and guests 
attended the Summer Convention at the New Ocean House, 
Swampscott, Mass. A fine selection of technical papers and 
reports was presented, a number of business conferences and 
meetings was held, many inspection trips were taken,**and a most 
complete entertainment program was offered. 

Twenty-four papers and nineteen technical committee reports 
were presented in seven technical sessions. A summary of these 
sessions and their discussions is {)ublished in subse< 3 ^uent para¬ 
graphs of this report. 

Conferences were held on June 24 under the auspices of the 
Sections Committee and the Committee on Student Branches. 
These were attended by Institute officers, Section Delegates, 
District representatives and other members. A report of these 
conferences is published in subsequeut.paragraphs. 

The 1929 Aimual Business Meeting of the Institute was held 
on the morning of June 25. After a short address of welcome by 
Hon. F. W. Cook, Secretary of State of the Commonwealth of 
Massachusetts, the official business of the meeting was trans¬ 
acted as reported elsewhere in this Journal. The meeting 
concluded with an address by President R. P. Schuchardt, 
entitled “The Engineer, Practical Idealist.” In this address. 
President Schuchai*dt touched on the opportunities and the 
responsibilities of the engineer to assume his appropriate place 
in our present changing cmlization. Plis address is published 
on page 611 of this Journal. 

.Another notable event was the prese^ation of the Lamme 
Medal on the evening of June 20. This medal was presented to 
A. B. Field to whom it was awai'ded as announced in the February 
Journal, page 154 “for the mathematical and experimental in¬ 
vestigation of eddy-current losses in large slot-wound conductors 
in electrical machin»ry.” The medal was presented by C. F. 
Scott, Chairman of the Lamme Medal Committee. In addition 
to a response by the medalist there were short addresses by 
President R. F. Schuchardt, B. A. BehrerM, and N. W. Storer. 
A more complete account of the presentation ceremonies is 
published elsewhere in this Journal. 

Following this, the John Scott Medal was also presented to 
Mr. Field- The presentation was made by National Secretary 
F. L. Hutchinson, acting on behalf of the Board of City Trusts of 
Philadelphia. The award was made for the same achievement 
for whichjbhe Lamme Medal was awarded to Mr. Field.- 

Dr. Elihu Thomson, Director • of the Thomson Research 
Laboratory of the General Electric Co., was now introduced and 
he spoke very briefiy about the fundamental electromagnetic 
relations discovered by Michael Faraday in 1831 the application 
of which during the last century has resulted in the development 
of modern electrical machines. 

These medal presentations and addresses preceded a banquet; 
and an added fe’h.ture which immediately followed the banquet 
was a brief talk by C. L. Edgar, President of the Edison Electric 
Illuminating Company of Boston. Mr. Edgar spoke on some of 
the pioneer steps in power system design which have been made 
by his company. W. F. Dawspn, Chairman of the 1929 Summer 
Convention Committee, acted as toastmaster during the evening. 

A most delightful popular lecture was given on the evening of 
June 25, by Dr. Harlowe Shapley, Professor of Astronomy at 
Harvard University and Director of the HaTvarS observatpry. 
In a most interesting manner he told of some of the recent work 
in astronomy.- 


During the Convention, a very large number of inspection trips 
were taken to power plants, substations, telephone plants, 
factories, colleges, and points of historical and of scenic interest. 
Also, immediately after the Convention closed on June 28, a 
number of those present started on a three-day tour through the 
White Mountains. 

Entertainment of the most enjoyable nature was offered 
throughout the meeting. Sports, dancing, and cards wore en¬ 
joyed every day or evening. Golf; tennis, fishing, swimming, and 
trap shooting were partaken of by many^ A particularly 
enjoj^abl^event was an all-day outing on June 27 when a group 
of about 160 people traveled to Rye Beach, New Hampshire, 
where numerous field contests were held. A piano recital by 
Professor Y . Karapetoff, with songs by Mrs. Underwood, con¬ 
tralto, was given on the evening of June 27. 

Golf and tennis tournaments were played for the respective 
Mershon Cups. The winner of the golf tournament was W. S. 
Lee; G. S. Gibbs was the runner-up. In the tennis singles 
tournament, A. J. Gowan won first place while G, A. Sawin, Jr., 
won second. Prizes were given for various other competitions 
including several held at Rye Beach. 

A meeting of the Board of Directors and several committee 
meetings were held during the Convention. 

Much praise is due the local Summer Convention Committee 
for the excellence of arrangements and the high quality o| the 
entertainment provided. This committee consisted of the 
following members who were officers of the committee or chair¬ 
men of other committees as indicated or general members: 
W. F. Dawson, Chairmans E. W. Davis, Vico’^Chairman] 
H. B. Dwight, VicB^Chairman) C. S. Skoglund, Vice-Chairman)^ 
W. H. Colburn, Secretary; V. R. Holmgren, Asst. Secretary; 
F. L. Ball, Treasurer; H. P. Charlesworth, Meetings and Papers; 
W. B. Kouwenhoven, Sections; C. L. Edgar, Finance; C. A. 
Corney, Trips; F. S. Jones, Transportation; I. F. l^nnard,^ 
Publicity; W. E, Porter, Hotel and Uegistraiion; A. H.^ 
Sweetnam, Sports; Mrs. W. H. Timbie, Ladies' Committee; . 
J.^P. Alexander, G. J. Crowdes, W. S. Edsall, S. J. Eynon, 
J. W. Kidder, R,. G. Porter, W. H. Pratt, Ernest Shorrock, D. F. 
Smalley, H. B. Wood. 

I ^ 

CONFERENCE OF OFFICERS AND DELEGATES 

In accordance with the practise followed since 1922, the 
first day of the Convention, Monday, June 24, was devoted to a 
Conference of Officers and Delegates held under the auspices of 
the Sections Committee and Committee on Student Branches. 
49 of the 56 Sections were represented by Delegates. 5 District 
Secretaries and 8 representatives of District Committees on 
Student Activities were present. In addition to these official 
Delegates,. a considerable number of Institute and Section 
officers, Branch Counselors, and other .members were present. 

The first session of the Conference was convened at 10:05 
A. M., with Dr. W. B. KouTVenhoven, Chairman, Sections Com¬ 
mittee, presiding. Dicing the early part of the afternoon Ses¬ 
sions A and B were held in parallel, Dr. Kouwenhoven presiding 
over Session A, dealing with Institute and Section problems, and 
Vice-President J. L. Beaver, Chairman, Committee on Student 
Branches, presiding over Session p, dealing with Student Activ¬ 
ities. During the latter part of the afternoon the two groups 
met together again to discuss matters of common interest. 

The topics inoluded in the program, which had been prepared 
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in advance by a special committee and mailed to the'Delegated, 
are given below. 

Announcements by Dr. W. B. Konwenhoven, Chairman, Sections 
Committee. 

Remarks by President Schuchardt. 

Remarks by Presidential Nominee Smith. 

Remarks by National Secretary Hutchinson. 

The Institute Membership 

(a) The Responsibility of the Sections* to the Question of 

Institute Membership. 

(b) The Policy Underlying the Securing of New Members. 

(c) How May the Proportion of Membership in Higher 

Grfit<i6s be Increased? 

The Institute Publications 

(a) What Changes Should be Made in the Present Institute 

0 , Publications? (See A. I. E. E. Joubnal, January 

» 1929, page 2). 

(b) Can Papers be Published More in Advance of Pre¬ 

sentation? 

The Institute Section * 

(a) How Can the Institute Section Help the Members in 

Expressing Their Obligations to the Public? 

(b) How May Cooperation Between the Section and Branches 

in the Same Locality be Increased? 

(c) How May Contact be Made between the Section and 

^ Student Members Coming into the Section Territory? 

Afternoon Sessions 

Session A—Dr. W. B. Konwenhoven, Chairman. 

(a) “Regional” or “District” Meetings? 

(b) How Can Attendance at Section Mee ings be Increased? 

(c) The Establishment of Additional Engineering Societies. 

(d) Questions and Answers Relative to Institute Affairs. 
Session B—^Professor J. L. Beaver, Chairman. 

(a) The Transfer of Student to Associate. 

* (b) Compulsory Attendance at Student Branch Meetings 
as part of Curriculum. How Much Time and Partici¬ 
pation in Branch Programs can be expected of Stu- 
.. dents, and should the Faculty be asked to give Credit 

for this Work? 

(c) Status of Local Members in the Branch. 

General Session —^Dr. Konwenhoven presiding. 

; The Post College Education of Engineers—Professor B. 

Bennett (See A. I, E. E: JouBNAt, April 1929, page 310, 
and Foreword by President Schuchardt). 

Discussion. ^ 

Copies of the Annual Report on Section and Branch Activities 
for the fiscal year ending April 30, 1929, were distributed at the 
Conference. Institute members may secure copies by applying 
to headquarters. 

The following recommendations were adopted: 

1. That provisions be made encouraging enrolled 
Students to become Associates upon graduation and remit¬ 
ting dues in part, according to some suitable plan to be 
developed by a special committee. 

2. That the convention^ held in individual Distacts 
and heretofore designated as “Regional Meetings” be called 
“District Meetings” in the future. 

"* " 3. That consideration be given to the desirability of 

haling the appropriation year for Sections begin August 1 
instead of October 1, 

At a meeting of the Board of Directors^eld at the Convention 
on June 25, these recommendations were considered favorably, 
and were referred to the proper committees and officers for study 
as to details. • 

In addition to the session on Monday afternoon, the Counselor 
Delegates and others especiaUy interested in Student Activities 
held a session Monday evening for further discussion of the sub¬ 
jects given in the program for Session B and related matters. 

• 


They recommended that headquarters se.nd to each Counselor 
about February 1 a list of names of the enrolled Students of the 
Institute in his institution, indicating those who had and those 
who had not paid their enrolment fees for the current year. 

An abstract of the proceedings of the entire Conference will 
be printed? in pamphlet form and mailed to all Delegates present 
and to Institute, Section, and Branch officers. Any Institute 
member who is interested may obtain a copy of the pamphlet 
without charge upon application to Institute headquarters. 

REPORT OF TECHNICAL DISCUSSION 

The following is a condensed report of discussion at tho tech¬ 
nical sessions, together with the titles of the papers at each ses¬ 
sion, Complete discussion will be publisl^ed with the respective 
papers in the Tbansactionb. 

A—Distribution and Power Generation 

Presiding Officers: 

H. A. IGdder, Vice-Presideiit, A. 1. B. E. 

F. A. AUner, Chairman of Committee on Power Goiioration 
H. R. Woodrow, Chairman of Committee on Power Trans¬ 
mission and Distribution 

Rehabilitation and Rebuilding of Steam Power Plants^ C. F. 

Hirshfeld, Detroit Edison Co. 

Symposium on Synchronised at the Load 

I. A Fundamental Plan of Power Supply^ A. H, Keboe, 
United Electric light & Power Co. 

II. Calculations of System Performance, S. B. Oriscom, 
Westinghouse Electric & Mfg. Co. 

HI. System Tests and Operating Connections, H. R. Searing 
and G. R. Milne, United Electric Light & Po^er 
Co. 

Auiomaiic Transformer’' Substations of Edison Electric Illuminate- 
ing Co, of Bost&rej'W, W. Edson, Edison Elec, 111. Co, of 
Boston 

Application of Induction Regulators to Distribution Networks, 
E. R. Wolfort and T. J. Brosnan, Westinghouse Electric & 
Mfg. Co. ^ . 

In discussing Mr. Hirshfeld’s p^iper, E. S. Fields told how 
power-station changes on the system of the Columbia Gas & 
Electric Corp. bad increased the capacity by 105,000 kw. without 
necessitating any building additions. Fohr 25,000-kw. turbo 
generators were changed by minor rebuilding of tlio turbines and 
putting in new 36,000-kw. generators. Steam pressure was 
raised from 230 to 2^ lb. and temperature from 600 to 700 deg. 
In another station 45,000-kw. tandem-eompouiul turbines wore 
rebuilt as 65,000-kw. cross^ompound. Steam pressure was 
raised from^O to 660 lb. and temperature from 725 to 740 deg. 
The boilers were changed to give ^’eater output and electrical 
equipment was changed to take care of the increased turbine 
output. W. S. Lee brought out the advantage of placing generat- 
ing stations at the proper points in relation to the -load. Ho 
warned against the assumption that high steam pressure is a 
pan^ea for all troubles. W. J. Foster declared that tho re¬ 
habilitation of old hydrauho generators is often more profitable 
than that of steam-turbine generators, a 60 per cent increase iu 
ontimt being sometimes feasible. L. W. W. Morrow pointcid 
out that enomtous increases in thermal economy of steam stations 
have been made in the last twenty years (from 32,000 B. t. u. in 
1908 to 12,000 B. t. u, in 1928) and this has been accomplished 
without materially increasing the investment cost per kw. 
capacity which has remained at about $100 as an average. 

As an addition to the symposium on Synchronized at the Load 
G. R. Milne presented som^ operating data on the system de¬ 
scribed. He said no major trouble had been experienced during 
four months of operation. Voltage dips at the load have been 
^duced 50 ijpr cent. A phase-to-neutral fault on the reserve 
Hus at Hell Gate Station caused little disturbance. The voltage 
at the load dropped only 8.7 per cent, E. E. Chilberg mentioned 
the advantages of using double-winding generators with this 
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scheme of oonnectioD. R. H. Tapsoott stated that the New 
York Edison Company is installing a 160,000-kw. double- 
winding generator. In a written discussion E. C. Stone stated 
that the advantages of the sjoichronized-at-the-load scheme 
cannot well be applied to the system of the Duquesne Light Co. 
because there would be only two transmission lines per generating 
unit and the failure of one would cause a relatively great distur¬ 
bance. Moreover a large proportion of the load is supplied at 
22,000 and 11,000 volts, which would also be disadvantageous 
in the new scheme. 

B—^Transportation^ 

Presiding Officers: 

E. B. Merriam, Vice-President, A. 1, E. E. 

N. W. Storer, Past-Chairman of Committe on Trans¬ 
portation '• 

Electrification of the Mexican Railway^ J. B. Cox, General 
Electric Co. 

Contact Wire Wear on Electric Railroads^ I. T. Landhy, Illinois 
Central Railroad Co. 

An Electrified Railroad Substation, B. Duer, Pennsylvania 
Railroad 

D-C. Railroad Substations, A. M. Garrett, Commonwealth 
Edison Co., 

In discussing Mr. Cox’s paper, D. C. Jackson emphasized the 
need of actual records instead of estimates on the costs of elec¬ 
trification and electric operation. Sidney Withington stated 
that he would like to see Mr. Cox’s comparison include also the 
most modern steam locomotive. W. B. Potter pointed out that 
the electric locomotives require considerably less maintenance 
than steam locomotives. He stated that the locomotive is by 
far the most important part of an electrification project. 

In connection with Mr. Landhy’s paper, Sidney Withington 
emphasized the necessity for the developrr ont of a suitable means 
of lubricating a contact wire. He statwf that in Europe lower 
pantographs pressures (7 or 8 lb.) are used with pantographs 
having a light ^auxiliary bow which carries the shoe. He said 
that certain results led him to believe that»ourrent density aiffeets 
trolley* T^ear. C. S. Anderson stated that cadmium bronze 
wire wears better than other contact wires and that it does not 
become brittle In answer to a question, Mr Landhy and 
several others agreed that a double contact shoe is better than a 
single shoe because »ne element of the double shoe is in contact 
with the wire almost, all the time which eliminates destructive 
arcing. 

In answer to a question on his paper Mr. Garrett said that 
rectifiers and* rotary converters can be paralleled very 
satisfactorily. 

G—Technical Committee Reports^ 

Presiding Officer: ' % 

J. L. Beaver, Vice-President, A. I. E. E. 

Research, F. W. Peek, Jr., Chairman 

ElectroyWysics, V. Karapetoff, Chairman 

Education, Edward Bennett, Chairman 

Instruments and Measurements, Everett S. Lee, Chairman 

Communication, H. W. Drake, Chairman 

Power Generation, P. A, Allner, Chairman 

Power Transmission and Distribution, H. R. Woodrow, Chairman 
Protective Devices, E. A. Hester, Chairman 
Automatic Siati<^s, W. TI. Millan, Chairman 

In discussing the report of the Committee on Education 
P. C. Caldwell suggested that attention should be directed 
toward schools which give slightly lower courses than the engi¬ 
neering colleges, with less theoretical studies. Charles 
Picklenburg advocated more thorough teacliing of mechanical 
structures. 

In connection with the report of the Comnxittee on Instru - 
ments and Measurements P. A. Wolff, advocated tlje developmen 
of concrete standard um’ts simultaneously with absolute units? 

Commenting on the report of the Committee on Automatic 


Stations, 'Chester Lichtenberg drew attention to the need for 
standardizing voltage on supervisory control systems. H. P. 
Sleeper made a plea for the keeping of complete records of 
operating results in automatic stations. 

D—^Technical Committee Reports 

Presiding Officer: 

O. J. Ferguson, Vice-President, A. I. E. E. 

Electrical Machinery,^, J. Poster, Chairman 
General Power Ayylicaiions, J. P. Gasldll, Chairman 
Transportation, W. M. Vandersluis, Chairman 
Applications to Iron and Steel Production, M. M. Fowler, 
Chairman 

Applications to Mining Work, Carl Lee, Chairman • 

Applications to Marine Work, W. E. Thau, Chairman 
Electrochemistry and Electrometallurgy, George W. Vinal, 
Chairman 

Electric Welding, A, M. Candy, Chairman 

Production and Application of Light, B. E. Shackelford, Chairman. 

Commenting on the report of the Committee on Electrical 
Machine]^ W. J. Poster emphasized some of the advantages of 
hydrogen ventilation, C. J. Peehheimer explained the advan¬ 
tages of the double-entrance fan. 

Edwin Pleischman, in connection with the report of the Com¬ 
mittee on Electrochemistry and Electrometallurgy, called atten¬ 
tion to the advantages of the nitriding process of hardening the 
surface of steel objects. Electric furnaces are employed in this 
process. J. C. Lincoln explained a method of nickel plating, called ** 
the degasification process, in which nickel is deposited to a thick¬ 
ness of 1/16 in. after which the plated piece may be roUed to 
its thickness. 

In connection with the report of the Committee on Electric 
Welding, J. C. Lincoln said that his company uses electric welding 
in making many kinds of electrical machinery, and that the cost 
is considerably less than that of the older methods employing 
casting. 

E—Miscellaneous 

Presiding Officers: 

B. D. Hull, Vice-President, A. I, E. E. 

H. W. Drake, Chairman of Committee on Communicatioi^ 

J. P. Gaskdll, Chairman of Committee on General Power 
Applications 

Master Reference System for Telephone Transmission, W. H. 
Martin, American Tel. & Tel. Co., and C. H. G. Gray, BelU 
Telephone Laboratories, Inc."* 

Electrical Wave Analyzers for Power and Telephone Systems, 

R. G. McCurdy and P. W. Blye, American Tel. & Tel. Co. 

A New Automatic Synchronizer, P. H. GuUiksen, Westinghouse 
Electric & Mfg. Co. 

High-^Frequency Portable Electric Tools, C. B. Coates, Chicago 
Pneumatic Tool Co. 

Design of Electric Heating Elements, Edwin Fleischmann, The 
Niagara Palls Power Co. 

J. J. Smith and J. 0. Coleman stated that they had used the 
wave analyzers described in the McCurdy and Blye paper and 
had found them very useful and satisfactory. 

Jn discussing Mr. Coates* paper, A. M. MaoCutcheon em¬ 
phasized the fact that 5 to 7 hp. is developed in 50 lb. of material 
in the high-speed tools and this weight includes all mechanical 
parts. He described a type of frequency converter which he said « 
gives excellent voltage regulation. It consists he said of a ro¬ 
tating member into which alternating current is fed through slip 
rings. The output is^ taken from a commutator. The output 
frequency varies with the speed of rotation. P. L. Snyder 
pointed out that the induction frequency changer is usually less 
expensive than the motor-generator frequency changer. He 
suggested also that where distrilmtion distances are great, the 
180-oycle energy might be distributed at 440 volts and stepped 
down to 110 volts at the tool. B. B. Ramey stated that ventila- 
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tion of the tool is more easily accomplished with the* 18(J-cycle 
tools than with 60-eyele universal motors. He suggested that 
power companies might in the future supply 180-cycle energy 
from their lines. Mr. Coates said that about 60 per cent of the 
present installations use the induction converter and 40 per cent 
use the motor generator. 

F—Electrical Machinery 
Presiding Officers: » ** 

W. T. Ryan, Vice-President, A. 1. E. E. 

W. J. Poster, Chairman of Committee on Electrical 
Machinery 

Safe Loading of OiUImmereed TrarisformerSf B. T. Norris, 
Ferranti,*-Limited 

Induction Motor Operation with Non-Sinusoidal Impressed 
Voltages^ L. A. Doggett and E. R. Queer, Pennsylvania 
State College 

Outdoor Hydrogen^Veniilaied Syyichronous Condensers^ R. W. 
Wieseman, General Electrio Co. 

Short-Circuit Torque in Synchronous Machines Without Damper 
Windings, G. W. Penney, Westinghouse Elec. & I®fg. Co. 
Analytical Determination of Magnetic Fields, B. L. Robertson, 
Pennsylvania State College, I. A. Terry, General Electric Co. 

Commenting on the paper by Mr. Norris, P. F. Brand drew 
attention to the fact that large transformers with hot-spot 
indicators have been in service in America for a number of years. 
^ He claimed that the A. I. B. B. rules are not too conservative in 
limiting temperature as an operating temperature lower than 105 
deg. is desirable to insure long life of insulation and oil. W. F. 
Dawson said it would be dangerous to apply the proposal of Mr. 
Norris to turbo alternators. W. M. Dann stated that many. 
American operators are well satisfied with the margin of safety 
which the A. I. E. E. rules insure. He said, however, that the 
Institute is working on recommendations for operation of trans¬ 
formers by temperature. V. M. Montsinger claimed that some 
of Mr. Norris’ calculations did not seem sufficiently accurate. 
He also objected to establishing 105 deg. cent, as a safe temper¬ 
ature for continuous operation. He thought that according to 
present knowledge 95 deg. by hot-spot indicator shoidd be the 
limit. P. D. Newbury stated that sufficient records are not 
available to prove that the A. I. E. E. rules are too conservative 
and that therefore the present limitations should b*e kept to 
allow a margin of safety. 

Commenting on the paper by Messrs. Doggett and Queer, 
R. G. Me Curds’* stated that usually the harmonics produced by 
receiving apparatus are greater than those put out by the 
generators. 

Philip Spom, in connection -with Mr.' Wieseman’s paper, 
stated that generators offer the next opportunity for ventilation 
by hydrogen. This, he said, may facilitate the design of higher- 
volta^ generators and of outdoor generators. C. J. Pechheimer 
explained that although the construction of a hydrogen-venti¬ 
lated generator would be more difficult than a converter, the 
explosion danger would be very small and that previous use of a 
scavenging gas will mimmize this difficulty. He said he believed 
the cost of a hydrogen-ventilated generator would be less than 
th^t of an air-cooled generator of the same rating. L. A. Doggett 
smd it might bo desirable to beep the air outside the in 

circulation so as to aVoid explosions there. B. A. Behrend 
pointed out that another method of cooling stators of rotating 
mMhinOT IS by means of oil. This is being tried in England he 
“e^oned the advantages of using non^orrodve 

Newbury stated that the 
*mger of explosion is very small even with machines made with¬ 
out *e precautions taken by Mr. Wieseman. A hydrogen- 
cooled generator he said wiU be perfectly safe indoors. * 

E. A. explained hpiC the solutions given in Messrs 
^berteon a and Terry’s paper might be applied to more general 
cases of slot design for d-c. macliines. 


I G—Symposium bn Shielding in Electrical Measurements 

' Presiding Officer: 

E. S. Lee, Chairman of Committee on Instruments and 
' Measurements 

’ 1. Shielding and Guarding Electrical Measuring Apparaius, 

H. I/Curtis, Bureau of Standards 

2. Some Problems in Dielectric Loss Measurements, C. L. Dawes, 
P. L. Hoover and H. H. Reichard, Harvard University 

3. Shielding in High-Frequency Measurements, J. G. Ferguson, 
Bell Telephone Laboratories 

4. Shielding of Cab^s in Dielectric Loss Measurements, E. H. 
Salter, Elec. Testing Laboratories 

5. Precautions Against Stray Magnetic Fields in Measurements 

with Lg^rge Alternating Currents, F. B. Silsbee, Bureau of 
Standards ** 

6. Magnetic Shielding in Electrical Measurements, S. L. Gokhalo, 
General Electric Co. 

Several of the discussors complimented Dr. Curtis on bis 
definitions of shielding and guarding. W. B. Kouwonhoven 
described an air condenser which he has developed which has very 
low loss. Humidity above 90 per cent he said will cause errors. 
I. M. Stein suggested that a standard condenser be built, prob¬ 
ably by the Bureau of Standards, which can be transported from 
one laboratory to another. 

L. E. Cirella said that he had been using a bridge like tlu 3 one 
described by Messrs. Dawes, Hoover and Reichard and that most 
of the difficulties had been avoided. H, W. Lamson suggested 
that a tuned detector might prove useful in Professor Dawos* 
work. P. H. Humphries presented a mathematical derivation of 
the bridge equations and an analysis of the conditions for balance 
of the bridge described in Professor Dawes’ paper. C. T. Weller 
asked if capacitance is as satisfactory as resistance for the bridge 
arms. T. P. Peterson gave some information on the high-voltage 
bridp which has been developed by H. J. Ryan at Stanford Uni¬ 
versity. V, A. Thielman disagreed with the contention of the au¬ 
thors, that shielding of a cable may increase power factor and loss, 
P. S. Bower called Attention to the difficulty of determining 
equivalent inductance and capacitance at high frequencies. 

In connection with Mr. Salter’s-paper, E. W. Dayis poiiitod 
out the deleterious effects of voids in cables. D. W. Roper men¬ 
tioned tests which he is making on samples of several makes of 
single-conductor cable in which inductive effects in the lead 
sheath must be compensated for. Mr. Salter stated that for two 
years his-results obtained on 10-ft. samples have checked very 
closely with factory measurements on full reels. 

S. L. Gokhale, in referring to Doctor Silsbee’s paper, told of a 
method he employs to compensate for a stray magnetic field that 
IS pt uniform. Doctor Silsbee agreed that the results were 
desirable but that the method mighfebe complicated. 

Hans Lippelt compUmeuted Mr, Gokhale’s treatment of mag¬ 
netic shields and added further details on some points. 

ANNUAL MEETING OP THE INSTITUTE 
Swaupsoott, Mass., June 2S, 1939 
The^ual Meeting of.the Institute was held at the New 
Ocean House, Swampsoott, Massaohusette, on Tuesday morning 

n ^ annual Summer Convention, President 

R. P. Schuchardt presiding. 

-^e Annual Report of the Board of Direotors was presented in. 
abs^t by National Secretary P. L. Hutchinson. Printed 
copies were distaibuted to members in attendance and are 
OTaolable to ^y member upon appUcation to Institute 
Headqua^rs, New York. jThe report, which constitutes a 
re^e of ^e activities of the Institute during the fiscal vear 

is*?^ ^ membership on that date of 

In addition to the three National conventions and three 
^onal meetings, 1400 meetings were held during the vear bv 
ae lo^ o^atioM of the Institute in the principal cities and 
educational institutions in the United States and Canada. 
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The report wiU be published in full in the quarterly Transac¬ 
tions of the Institute. 

The report of the Committee of Tellers on the election of 
officers of the Institute was presented as published in the July 
issue of the Journal, and in accordance therewith, President 
Schuchardt declared the election of the following offi(?fers, whose 
terms will begin on August 1,1929: 

President: Harold B. Smith, Professor of Electrical Engi¬ 

neering and Director of the Department, 
Worcester Polytechaio Institute, Worces- 
! ter, Mass. (See biographical sketch in 

: July issue of the Journal, p. 564.) 

Vicc’-Presidenis: ED^IUND C. Stone, Manager, Sys|^m Develop¬ 
ment Department, Duquesne Light Co., 

! ^ Rttsburgh, Pa. 

Walter S. !6»odman, Professor in charge of the 
School of ^Electrical Engineering at the 
University of Virginia, Charlottesville, Va. 
Herbert S. Evans, Dean, College of Engineer¬ 
ing and Head of the Department of Elec¬ 
trical Engineering at the University of 
Colorado, Boulder, Colorado. 

Clarence E. Pleaobr, Assistant Vice-Presi¬ 
dent, Pacific Td. & Tel. Co. San Francisco, 
Calif. 

Charles E. Sisson, Transformer Engineer, 
Canadian General Electric Company, Ltd., 
Toronto, Ontario, Canada. 

Directors: John E. Kearns, Electrical Engineer, General 

Electrical Co., Chicago, Ill. 

William S. Lee, Consulting Engineer, Char¬ 
lotte, North Carolina. 

Charles E. Stephens, North Eastern Dis¬ 
trict Manager, Westinghouse Electric & 

^ Mfg. Company, New York. 

National George A. Hamilton, Elizabeth, N. J., (re- 

Treasurer: elected). 

These officers, together with the following hold-over officers, 
will constitute the Board of Directors for the next administrative 
year, beginning Au^st 1: R. P. Schuchardt (retiring President), 
Chicago, HI.; Bancroft Gherardi, New York, N. Y.; E. B. 
Merriam, Schenectady, N. Y.; H. A. Kidder, New York, N. Y.; 
W. T. Ryan, Minneapolis, Minn.; B. D. Hull, Dallas, Texas; 

G. E. Quinan, Seattle, Wash.; I. E. Moultrop, Boston, Mass.; 

H. C. Don Carlos, Toronto, Ont.: F. J. Chesterman, Pittsburgh, 
Pa.; F. C. Hanker, East Pittsburgh, Pa.; E. B. hjeyer, Newark, 
N. J.; H, P. Liversidge,^Philadelphia, Pa.; J. Allen Johnson, 
Niagara Falls, N. Y.; A. M. MacCutcheon, Cleveland, Ohio; 
A. E. Bettis, Kansas City, Mo. 

President-elect Smith was called upon and responded with a 
brief address which was enthusiastically received. 

The report of the Committee on Award of Institute Prizes, 
as published in the June issue of the Journal, was read by the • 
Chairman H. P. Charlesworth and prizes for papers presented 
during 1928 were presented by President Schuchardt. 

The annual presidential address was then delivered by Presi¬ 
dent Schuchardt, the subject being “The Engineer, Practical 
Idealist.^ Tiis address is published in full on page 611 of this 

issue. , • . . 

The Annual Meeting then adjourned and was immediately 
followed by technical sessions as reported elsewhere in this issue. 

% 

The Chicago Regional Meeting in December 

A three^day regional meeting will be held in C^ioago, December 
2-4,1929, under the auspices of the Great Lakes District df the 
Institute. 

Four technical sessions are being planned, the general subjects 
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of which ■^ill be power stations, transmission and distribution, 
communication, and general research and development. There 
will also be Student meetings. Of details, later issues of the 
Journal will give more. 

The Lamme Medal 

THE 1929 NOMINATIONS FOR THK 1920 AWARD WILL BE 
RECEIVED UNTIL SEPTEMBER 1 

The Lamme Medal was founded as a result of a bequest of the 
late Benjamin G. Lamme, Chief Engineer of the Westinghouse 
Electric & Mfg. Company, who died July 8, 1924, to provide 
for the award by the Institute of a gold medal (together with 
bronze replica thereof) annually to a member of the A. I. E. E, 
“who has shown meritorious achievement in the development 
of electrical apparatus or machineryand for the award of two 
such medals in some years if the accumulation from the funds 
warrants. 

The first (1928) Lamme Medal has been,awarded to Allan 
Bertram,^ Field, Consulting Engineer, Metropolitan Vickers 
Electrical Company, Ltd., Manchester, England, “for the 
mathematical and experimental investigation of eddy current 
losses in large slot-wound conductors in electrical machinery, 
and was presented during the Summer Convention at Swamp- 
scott, Mass., June 24-28. 

Special attention is called to the fact that names of members 
of the Institute, who are considered suitable candidates for the^ 
Lamme Medal to be awarded in the Fall of 1929, may be sub¬ 
mitted by any member in accordance with Section 1 of Article 
VI of the By-laws of the Lamme Medal Committee, which is 
quoted below: 

“The Committee shall cause to be published in one or naore 
issues of the A. I. E. E. Journal each year, preferably including 
the June issue, a statement regarding the ‘Lamme Medal and 
an invitation for any member to present to the National ^Secre¬ 
tary of the Institute by September 1 the name of a member aB a 
candidate for the Medal, accompanied by a statement of ms 
‘meritorious achievement’ and the names of at least three engi¬ 
neers of standing who are familiar with the achievement. 

Each nomination should give concisely the specific grounds 
upon which the award is proposed, and also a complete detailed 
statement of the achievement of the nominee, which will enable 
the Committee to determine its significance as compared with 
those of other candidates. If the work of the nominee has been 
of a somewhat general character, in cooperation with otherS, 
specific information should be given regarding the contributions 
of the individual. Names of endorsers should be given as 
specified above. 

Electrochemist to Discuss Aviation 
Materials 

The American Electrochemical Society will hold its Fall 
Convention in Pittsburgh, Pa., September 19 to 21 inclusive 
to discuss, among other subjects, the chemical industry’s con¬ 
tributions to aeronautics. Several hundred chemists, metallur¬ 
gists, plant executives, and company officials of both the United 
States and Canada will be present to discuss recent deyeloi>- 
menta in the electrochemical field. 

The program will include visits to various industrial plants in 
the Pittsburgh district, and technical sessions with papers on 
pertinent subjects presented by various prominent men from 
all over the countrj^. There will be a special symposium on 
“Contributions of Electrochemistry to Aeronautics,” with em¬ 
phasis given to the light weight aluminum and magnesium 
allots used in aeroplane construction. 

Social features of the meeting will include a smoker, a dinner 
and dance, with a special program for the ladies of the party. 
Headquarters will be at the William Penn Hotel, 6th Avenue 
and WiUiam Penn Way. 


4 


4 
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HAS NOTABLE PROGRAM ARRANGED FOR SEPTEMBER 3-6 



A program of unusual intorost is planned for the coming 
Pacsific Coast Convention of the Institute which will T)e held 
September 3-6, with headquarters at the Hotel Miramar, Santa 
Monica, Calif. Some live technical subjects will be discussed, 
and trips, sports, and entertainment will be enjoyed. The 
ladies who attend will be ti*eated to some delightful events 
arranged especially for them. 

•• technical papers will deal with such subjects as trans¬ 
mission, insulator flashover, wood pole insulation strength, series 
synchronous condensers, system stability, high-voltage fuses, 
transformers, insulating oils, arc dames, electrical conductivity, 
.g^-fiUed tubes, sound pictures, dial telephony, load forecasting, 
wind-tunnel equipment, turbo generators and a-c. networks. 

There will also be two Student sessions at which twelve 
Student technical papers will be presented. 

The^rogram of events is shown in the following outline. 

TENTATIVE PROGRAM 
Morning, September 3 

Technical Session 

Radio Interference from Line Insulators, E. Van Atta, Pacific 
Power & Light Co., and E. L. White, Puget Sound Power & 
light Co 

Spray and Fog Tests on ^OO-Kv, Insulators, R. J. C. Wood, 

• Southern California Edison Co. 

The 60-Cycle Flashover of Long ^ Suspension Insulator Strings, 
R. H, Angus, Stanford University. 

Impulse Insulation Characteristics of Wood Pole Lines, H. L. 
Melvin, Electric Bond & Sha;re Co. 

Afternoon, September 3 

Student Technical Session 

JBxperience with a Cathode-Ray Oscillograph in a College Labora¬ 
tory, C. C. Lash, Graduate Student, California Institute of 
Technology. 

.Lichlenherg Figures, 0. C. Mayer, University of Idaho. 
'Characteristics of Electrostatic Loud Speakers, F. J. Somers and 
George Mattos, University of Santa Clara. 

JFlashQvet Phenomena in High-Voltage Engineering, W. G. Hoover 
and Corbett McLean, Graduate Students, Stanford 
, University. 

VoUage Distribution on High-Tension Insulators, Floyd Gowans 
and Ned Chapman, University of Utah. 

Vuliage Amplification of the Screen-Grid Tub^as an Intermediate- 
Frequency Amplifier, Frank Giovanini, Graduate Student, 
University of Washington. 

Evening, September 3 * 

Reception, followed by dancing.^ 

Morntni and Afternoon, September 4 
Inspection Trips and Sports. 


Evening, September 4 

Lecture—“Recent Developments in the Theory of Hteetrical 
Conductivity,” by W. V. Houston, California Institute of 
Technology. 

Dancing will follow the lecture. 

•r 

, Morning, September 5 

Student Technical Session 

Influetice of Rotor Impedance on the StaHing Characteristics of 
Squirrel-Cage Induction Motors, A. V. Haeff, Qradnate 
Student, CaUfornia Institute of Teohnology. 



Department of Water and Power, City op Los Angeles 

The Heating of Copper Conduolors by Transient Electric Currents, 
S. 0. Rice, Oregon State College. 

Cyclic and Transient Illumination of Incandescent Lamps as 
Measured by the Photoelectnc Cell, Z. J. Atlee and R W 
Mige, Oregon State CoDege. ^ 

Study of the Losses in a ^SflOO-Kv-A., A. C. Generator, J. G. 
Pleasants and M. Tucker, University of Southern California. 

The Operation of Synchronous Motors in Series, C. R, Koch 
Graduate Student, Stanford University. 

Power Jesses by Radiation from Domestic Hot-Waier Tanks, 
R. D. Wailes, University of Washington. 

^ ^ Afternoon, September 6 

Technical Session 

Devehi^neni of Insviaiing Oils, C. E. SMnaer, Westinghousa 
Electric & Mfg. Co. ^ 








































August 1929 


INSTITUTE AND RELATED,ACTIVITIES 


643 


Effect of Tank Color on Temperature of Transformers under 
Service Conditions, V. M. Montsinger and L. Wetherill» 
General Electric Co. 

Population as an Index to Electrical Development, N. B. ninson, 
Southern California Edison Co. ^ 

Flames from Electric Arcs, J. Slepian, Westinghouse Electric & 
Mfg. Co. 



View of Main Swicching Station (Lawrence Street) of 


Los Angeles Gas & Electric Corporation 

* 

Design Features that Make Large Turbin^ Generators Possible, 

W. J. Foster and M. A. Savage, General Electric Co. 

« 

Evenini, September 5 ^ 

Banquet, with special Entertainment. 

Mornintiy September 6 

^ Technical Session 

Effects of Surges on Transformer Windings, J. K. Hodnette, 
Westinghouse Elec. & Mfg. Co. 

An A-C. Low-Voltage Network without Network Protectors, 
L. R. Gamble and Earl Baughn, The Washington Water 
Power Co. 

Low-Current High-Voltage Protective Equipment, mRoy Wilkins, 
Pacific Electric Mfg. Corp. 

Precision Speed 'Regulation for the Wind-Tunnel Motor at Cali^ 
fomia Institute.of Technology, W. A.. Lewis, Jr., California 
Institute of Technology. 

Afternoon, Seijtember 6 
Technical Session 

The Electrical Engineering of Sound-Picture Systems, T. E. Shea, 
Bell Telephone Laboratories and K. F, Morgan, Electrical 
Research Products Corp. * # 

Dial Telephone System Serving Small Communities of Southern 
CaliforniQ, P. W. Wheelock, Southern California Telephone 
Co. ■ / \i 


Parallel Operation of Transformers whose Ratios of Transforma¬ 
tion are Unequal, Mable Macferran, Southern California 
Edison Co. 

Progress in the Study of System Stability, I. H. Summers and 
J. B. McClure, General Electric Co. 

Series Synchronous, Condensers for Transmission-Line Regulation, 
T. H. Morgan, Stanford Universitar. 

September 7 and 8 

Trip to Mount Lowe. 

Trip to Catalina Island. 

Other trips as requested. 

Trips 

Automobile transportation will be furnished for trips to points 
of interest at all times except during convention sessions. For 
Wednesday, September S, no sessions are scheduled and the 
entire day will be devoted to trips and sports. Trips have been 
arranged also for Saturday, September 7. The special trips are 
as follows: 



Jawbone Siphon Section of 250-Mile Aqueduct Along 
WHICH the City of Los Angeles has Constructed Five 
Power Plants and is Generating 166.000 Hydroelectric 

Horsepower 

• 

September 5 . . 

Long Beach Steam Plant No. 3, Central Receiving Station, 
Lighthipe Substation, Seal Beach Steam Plant, and Wilmington 
Receiving Station. 

Los Angeles Hydroelectric Plant; San Fernando Mission; 
and Pacoima Flood Cofltrol Dam. 

San Bernardino Substation; Glenwood Mission Inn, River- 
. side; Hotpoint Factory at Ontario, 

Califfimia Institute of Technology, Million-Volt Laboratory; 
and University of California at Loa Angeles. 

. September 7 

Mount Lowe, via Pacific Electric R. R., round trip $3.00. 
Power Plant and Substation Trips as requested- 
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September 7 and 8 

Catalina Island Trip,—all expenses paid including four meals 
and room at the St. Catherine Hotel—$12.50. Transportation 
only—.$3.75. 

Agua Caliente Trip,—^visiting also Tijuana and San Diego. 
Transportation $10, if 20 or more go. 

Trips will also be ^rAnged to moving picture studios and if 
possible delegates will have the opportunity of seeing a talking 
picture in the making. Definite arrangements regarding studio 
trips Avill be announced later. 

Golf 

A golf tournament will be played at the Brentwood Country 
Club, which is a short distance from the Miramar and is con¬ 
sidered one of the finest on the Coast. There will be numerous 
prizes for different classes of both low net and low gross scores; 
also the tournament will be played in classes, probably from 



04,000 Kw. Generator Unit of Southern California Edison 
Company. Long Beach 

scratch to 16, 16 to 24, and 24 and over. There are numerous 
cups that will be played for, complete announcement of which 
will be made later. 

ArraiigemeiitB Lave also been made whereby guests may reeeive 
o^s to practically all the leading clubs, such as the Los ATigAin. 
Country Club, Brentwood, Rancho, Bel-Air and Riviera. 

Ladies Entertainment 

Many enjoyable events have been planned for the entertain- 
m^t of the ladies. On Tuesday, September 3 the visiting ladies 
^ be taken m automobiles to interesting points in and around 
Xjos Angeles. 

E. R. Northmore, withJVIrs. H. L. CaldweU presiding. 
W^ea^y af^oon will be devoted to an informal reception 
and cards, either at the Miramar Beach Qub or at Ihe 

On Thursday morning a ladies’ putting contest twH take place. 


Otlier features are being arranged. * Motion picture studio 
trips will be taken and the ladies will have the use of the Miramar 
Beach Club at all times. 




Hotel Accommodations 


Hotel reservations should be made directly with the Miramar 
Hotel, Santa Monica, Calif., Morgan S. Tyler, Resident Man¬ 
ager. Hotel rates are as follows: 

For rooms in the main building and the cottages the rate is 
$3.50 per person p6r day. This rate is on tlie basis of doublo 
rooms with bath. The rooms are extra large. Double suites in 
the Annex will accommodate three or four, and single suites wdll 
accommodate two people, each suite with bath. The rates in tho 
Annex are $3.00 per person per day. ^ 

The charges for meals are as follows: * Club breakfast, 25 cents 
to $1.00; Luncheon, $1.00 and^ Dinner, $1.50. There is also a 


The regular club privijpges to the Miramar Beach Club will be 
extended to all guests at the convention, the only charge being for 
the rental of bathing suit and locker for use in surf bathing or in 
the heated salt-water pool. For convention delegates tlie rato 
will be 60 cents per person. 

Railroad Rates 

Summer excursion rates will be in effect at tlie time of the 
convention and those who attend may have the benefit of con¬ 
siderable reductions from the regular railroad fare. 

Committees 

A large local committee is actively engaged in oonipleting ar¬ 
rangements. B. R. Northmore, Vice-President of tho Institute 
in the Pacific District, is Convention Chairman, and H. L. 
CaldweU, Chair^n of the Los Angeles Section is Assistant 
Convention Chairman. The chairmen of the various sub-ooin- 
mittees are as foUows: Registration, G. E. Nott; Bnierlainmcni, 
R. A. Hopkins; Transportation, H. H. Coxf Hotels, F. E, 
Dellinger; Ladies Entertainment, L. C. WiUiams; Program, 
{Memhers) E. R. StaufPacher, Program {Students) R. W. Siorensen; 
France, N. B. Hinson; PuhlicHy, J. H. Cunnii^hani; Golf, 
Harold Thrane. 




STANDARDS 


Thrue New Reports on ^ A. I. E. £• Stondurds Avuilabl 

The attention of the membership is again called to tho avail¬ 
ability of three reports on proposed A. I. B. E. Standard.s. The 
reports may be obtained withoSt charge' by addressing the 
Secretary of the Standards Committee at Institute headquarters. 
They are No. 2, Electrical Definitions and Symbols; No. 12, Con¬ 
stant Current Transformers; No. 27, Switchboards and Switch¬ 
ing Equipment for Power and Light. A detailed statement re¬ 
garding these proposed Standards .appears on page 565 of the 
July JOUKNAL. 

Spedficatioiui for Weatherproof Wires and Cables 

A subcmmihittee of the Sectional Committee on Insulated 
WffM and Cables has prepared a draft of proposed specifications 
on ae above project. This draft also contains a section on 
Heat-Resistuig Wires and Cables. The work of this oommittee 
m undOT the ohairmanship of Mr. Thomas Sproide of the New 
Jeraey Publio Service Corporation. Copies of the draft are avail- 
able at Amerioan Standards Association office, 33 West 39th 
ot.. New York, for loan to those interested. 

This report takes up in detail the covering, size of conductor, 
^d the salting compound for weatherproof wires. The 
, melting tests of the saturated cable are ex¬ 

ited m some detail. The draft coutaius a table of weights 

varying in sice from 250,000 

to 1 , 000 ,000 ear. mils. 


' 
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The section relating to Heat-Resisting Wires and Cables gives 
the Flame Proofing Test and other material on fire proof cable. 

Dry Cells 

The Sectional Committee on this project is preparing revisions 
which relate to the American Standard C 18-1928 and to U. S. 
Government Master Specifications for Dry Cells and Slatteries 
No. 58a. A recent meeting of a subcommittee held in Cleveland 
recommended tests for industrial flashlight cells, and for radio B 
batteries, and that a study be made for six months with a view to 
changing the existing minimum required pej^ormance figures for 
batteries other than radio B batteries. In the latter connection 
some of the proposed changes are: 

Present “^Proposed 

General purpose cells 


No. 6.Heavy Intermittent 60 hours 60 hours 

General ptupose cells 

No. 6.Light intermittent 160 days 170 days 

Telephone Cells.Light intermittent 190 days 220 days 

Badlo A Cells.Light radio test 210 hoiu'S 226 hours 

Flashlight Cells C...... Intermittent test 170 min. 210 min. 

Flashlight Cells O.Delayed Service three 

months 70 min. SO min. 

Flashlight Cells E.Intermittent Test 660 min. 760 min. 

Flashlight Cells E.Delayed Service six 

months 420 min. 460 min. 


Mr. Q. W. Vinal of the Bureau of Standards, Washington, 
D. O., is Chairman of the Sectional Committee in charge.of the 
revision of this standard, and comments or criticisms may be 
sent to Mr. Vinal. 

Symbols for Photometry and Illumination 

The sectional committee on Soientifio and Engineering Sym¬ 
bols and Abbreviations has submitted to the sponsors a draft of 
a proposed standard developed by a subcommittee under the 
ehairmanship of Mr. Frank Benford, lUiminating Engineering 
Laboratory, General Electric Company. 

This ^aft, covering symbols for photonaetry and illumination, 
consists oT 16 symbols covering such terms as radiant flux, 
quantity oi^ light, and reflection factor. Copies of this draft 
are available for loan to those interested through the American 
Standards Association headquarters, 33 West 39th Street, New 
York. 

The Ameiitcan Standards Association 

In view of the fact that the first meeting of the Board of 
Directors of tl^ American Standards Association was hold on 
July 9 a short review of the history and purposes of this organiza¬ 
tion may be of interest. 

American Engineering Standards Committee wSs set up in 
1917 by a group composed bf the A. I. E. E., the A. S. M. E., 
the A. S. C. E., the A. I. M. E., and the A. S. T. M., to provide a 
systematic method of bringing about the cooperation of bodies 
engaged in standardization; to prevent duphoation; to deter¬ 
mine whether new projects should be undertaken; and to ulti¬ 
mately afl&x the stamp of “American Standard” to completed 
projects after a thorough examinatipn has shown such action 
warranted. 

To keep in step with the rapid increase in indusjfrial standardi¬ 
zation, the American Standards Association, or as it was 
originally calleditheAmerican Engineering Standards Committee 
was reorganized in 1928. At the time of the reorganization, the 
Association had grown to 37 member bodies, with an additional 
three hundred and fifty sustaining members, including manu¬ 
facturers, distributors, association^ etc. The reorganization has 
placed the teohnical work of approving standards in a ^‘Standards 
Council^' and concentrated the administrative and financial 
responsbility in a “Board of Directors” composed of twelve 
industrial executives. The underlying principles of the origin^ 
A. E. S* O. remain unchanged. The- basic functions remsdn 
completely in the hands of the member bodies who name the 


individual Aiembei*s of the Board of Directors and of the Stand¬ 
ards Council. The present Board of Directors is composed of 
the following: Quincy Bent, Vice-President, Bethlehem Steel 
Company; G. K. Burgess, Director, Bureau of Standards; 
d. M. Chapman, Consulting Engineer; C. L, Coltens, President, 
Reliance Elec. & Engg. Co.; Howard Coonley,' President, 
Walworth Mfg. Co.; L. A. Downs, President, Illinois Centi*al 
System; Bancroft Gherardi, Vice-Pre§jdent, American Tel. & 
Tel. Co.; F. E. Moskovics, President, Improved Products Co.; 
W. J. SerriU, Chairman of Research Committee, U. G. I. Co.; 
C. E. Skinner, Asst. Director of Engineering, Westinghouse 
Elec. & Mfg. Co.; M. S. Sloan, President, New York Edison 
Co.; R. J. Sullivan, Vice-President, Travelers Insurance Co. 

An agreement has just been reached between the Ameidcan 
Standards Association and the Bureau of Standards outlining the 
cooperative relation of the twQ bodies in reference to commercial 
standards. The National Bureau of Standards, through its 
Division of Trade Standards, is acting as a centralizing agency for 
industrial and commercial groups requesting its cooperation in 
the adjustment, application, and promotion o? standards that 
will facilidkte production and marketing of the commodities 
which concern the requesting group. After proper acceptance of 
such standards by the interests immediately concerned, the 
Bureau publishes them as the “Commercial Standards” of those 
interests. Primarily, the effort of the Bureau is to serve those 
groups which have no satisfactory standardization facilities. 
Since “Commercial Standards” are obviously of interest to 
groups immediately concerned with the manufacturing and 
marketing of specific commodities, such standards are not 
considered to have the same status as is imparted to standards* 
approved as American Standards by the A. S. A., though it is 
hoped that some Commercial Standards will eventually receive 
such approval. Commercial standards are temporary standards* 


Highway Research Board to Meet in 

December ' 

The Ninth Annual Meeting of the Highway Research Board 
will be held December 12-13, in Washington, D: C., at the 
building of the National Academy of Sciences and National* 
Research Council. 

An important feature of the meeting will be the presentation of 
progress reports upon the comprehensive program of highway 
research now in preparation by the Board. 


AMERICAN ENGINEERm^ I 


SPECIAL COMMITTEE TO WORK WITH CONGRESS 
AND FEDERAL ADMINISTRATION 

Organization for 1929 of more than a score of committees to 
work with Congress and the Federal administration in shaping 
public policies involving vast engineering operations is announced 
by the American Engineering Council. Communications, flood 
control, safety of dams, water resources, and Government reor¬ 
ganization are among the chief problems to be studied. 

At a meeting of the Council’s Administrative Board to be held 
in Washington in October, these committees will submit reports 
reflecting the engineering attitude toward legislation arising at 
the next session of Congress. 

With an engineer in the White House, and a growing represen¬ 
tation of engineers in ;gublio posts,—^national, state, and munici¬ 
pal,—the Council, ao5)rding to an announcement by its Presi¬ 
dent, Arthur W. Berresford, has framed what is believed to be 
the most helpful program of cooperation with public agencies in 
the his?ory of American engineering. 

The results, he adds, should enable the Government to function 
more intelligently in engineering projects requiring annually the 
expenditure of millions of dollars. Mississippi flood control is 
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cited as one of many situations which need claiifica^tion^ by i^ie 
civil engineer. 

D. Robert YarnaU of Pliiladelphia is Chairman of the Public 
Affairs Committee. Public questions affecting engineers gener¬ 
ally will eome*befoi*e this Committee, other members of which 
have been chosen as follows: J. L. Hamilton, St. Louis; John 
Lyle HaiTington, Kansas City, Mo.; H. A. Kidder, New York 
City; W. S. Lee, Charlotte, N. C.; R. C. Marshall, Jr., Chicago; 
Charles Pem*ose, Philadelphia; R. P. Schuchardt, Chicago; 
C. E. Sldnner, East Pittsburgh, Pa.; Max Toltz, St. Paul, Minn.; 
EdwinF. Wendt, Washington, D. C. 

A new Committee on Communications, to study proposed 
legislation for Federal supervision of such means of communica¬ 
tion as radio, telephone, and telegraph, is headed by Edwin P. 
Wendt, of Washington. It will study fundamental questions 
raised by the Watson and Couzens Bills. Other members are; 
O. H. Caldwell, New York, Federal Radio Commissioner; 
Dean Dexter S. Kimball, Cornell University; Prank A. Scott, 
Cleveland; Charles B. Hawley, Washington, D. C. 

Gardner S. Williams of Ann Arbor, Mich, is Chairman of a 
Committee on Flood Control. Mr. Williams also h^ads Com- 


Tn order to secure efficient and economic operation of all major 
engineering projects, including city surveys and planning, high¬ 
way development and extension, irrigation pi*ojects, hydi*oelectrio 
developments, improvement of rivers for navigation, flood con¬ 
trol of rivers, and general topographic surveying and mapping, a 
knowlec^e of elevations and geographic jiositions is required. 

According to the Board of Surveys and Maps of the Federal 
Government the completion of the fundamental leveling and 
triangulation needs of the country has been estimated to cost not 
in excess of five million dollars. 

In the plea to tlitf Secretary of Interior in behalf of the topo¬ 
graphic survey American Engineering Council urged that here¬ 
after the appropriations for topographic surveys bo increased 
annually so as to complete the work of topographically mapping 
the United States in a period of 25 year's as contemplated and 
authorized by the Temple Act, as it believes that tho Federal 
Government engages in no more important work than that of 
making available accurate topographical maps. 

r- 

COLORADO RIVER PROJECT PROGRESSES 


mittees on Government Reorganization and the Safety of Dams. 

Chairmen of other Committees of the Council include: 

Power—^Farley Osgood, New York; Reforestation—^William 
Boss, University of Minnesota; Street and Highway Safety— 
M. M. Fowler, Chicago; Recent Economic Changes—Dean 
De.xter S. KimbaU, Cornell University; Engineering and Allied 
Teehmeal Professions—H. C. Morris, Washington; Regional 
^Activities, and Membership and Representation—0. H. Koch, 
Dallas, Tex.; Program of Research—Dr. Harrison E. Howe, 
Washington; Man-Hour Information, and Constitution and 
By-Laws—L. P. i^ord. New York; Patents—Edwin J. Prindle, 
New York; National Hydraulic Laboratory—^Farley Osgood, 
New York; Washington-Potomac Canal—D. H. Sawyer, 
Washington; Finance—^John H. Finney, Washington; Repre¬ 
sentation—A. W. Berresford, New York. 


NICARAGlTAri? INTEROGEANIG CANAL BOARD APPOINTED 

By authority received from the Edge Resolution, Publ. Res. 99, 
epf the 70th Congress, President Hoover has appointed a Nicara¬ 
guan Interoeeanie Canal Board composed of the foUowing five 
members: 


General Edgar Jadvin, Chief of Engineers, U. S. A., Chairman; 
r Major Ernest Graves, U. S. Engineers; Doctor Anson Marston, 
Preadent, American Society* of CSvil Engineers; Prank M. 
Williams; and Sidney B. Williamson. Three members of this 
board are engin^eers from civilian hfe, and four aremembers ofthe 
American Society of Civil Engineers, a member oi^;anization of 
American Engineering Council. lieut. J. P. Dean has been 
chosen Secretary to the Board. 

Not only -will the Board investfeate the feasibility,desirability 
and cost of increasing the facilities of tho Panama Canal, but it 
wiU investigate and bring up-to-date the data on the Nicaraguan 
Canal route and any other routes considered in the opinion of the 
iioard worthy of consideration. 


Costa Rica and Nicaragua have given their consent to tl 
prehminaty surveys and operations of the troops ^d suiyi 
^les mthin their territories for this purpose. Preside: 
Roover has authorized the dispatch to Nicaragua of abattalic 
„ ot engmeer troops to make the investigation and survey. 


PLEA POR MAPPING APPROPRIATIONS 

Administrative Board of Amerie 
B^neermg Council, a plea for increased appropriations 1 
facihties was again instructed. Hon. Robert 
amont,.Swretary of Commerce, and Hon. Ray L. Wilbi 
ecre ary of Interior, were apjiroached, having the work of t] 
Coaat and Geodetic Survey and the Geologic^ Survey respe 

tively,commg nnder their jurisdiction. ‘^"rvey, respe 


As required by the Boulder Canyon Proji^ct Aet, approved 
December 21, 1928, President Hoover has issued a publi<i proc¬ 
lamation that all prescribed conditions have been fuiniUul, and 
that the act is effective as of June 25, 1920. At the time el' tho 
signing of this proclamation. President Hoover stated t.hat 
difficulties over the respective water rights of th(> difToront 
States have served to prevent development in a largo way l‘or 
nearly a quarter of a century. He considers tliis “the most 
extensive action ever taken by a group of Ktales under the pro¬ 
visions of the Constitution permitting compacisbetween States,” 
and hopes that Anzona and California may compose their mu¬ 
tual problems which have hitherto i)rovented Arizona from join¬ 
ing in the compact, for “with Arizona in, the whole Basin will 
have settled its major question of water rights for all time.” 

Secretary of the Interior Wilbur, in an addx^ess at Las Yogas, 
Nevada, on June 22,«enunciated a new government policy with 
r^erence to the Colorado River project, stating that Ik) would 
to see the government come in and build reclamation pro¬ 
jects, protect its investment through contracts that 'Will pay the 
money back into the treasury and then withdraw from the field; 
not to become involved in situations purely local or those calling 
for intricate settling of tax problems and bond issues, or com¬ 
munity and states rights. 

L. c. a. S. O. E.; a. j, WUey, A. S. C. E.; and W. P. 
urand, Past-Pres., A. S. M. E., were chosen to act as special 
TOusultants in the field service of the U. S. Bureau of Reclama^ 
Uon m conupotion with the development of tho Boulder Canyon 
Dam project. 

Further formation ooneeming iSie project may be secured by 
addressmg the Commissioner of Reclamation, Washington, D. C. 


-- 

Survey since 

1888 to systematically eollsct and make available data in regard 
til® nation. This is an exceedingly 
Meful.ser^ee,^d the only criticism which has been expressed 
^ ^ suflioient amount of information has not been 

“f^^.^^^nble. This has been due to insufficient 
work Federal Government. The amount of 

JSedhSnof'iT ‘^“F^®ted to date would not have been 
r^ed had not State and local governmental agencies, individu- 
^ and coiporations supplied the U. S. Geologic;! Su^w 
Gover^tnt^ addition to those appropriated by the Federal 

Association of State Engineers, with a member- 
western States, has expressed itself in favor 
of the poh<^ enunemted,-and has designated American Engineer¬ 
ing Council as its agent in regard to this matter. 
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A. I. E-. E. Directors Meeting 

The regular meeting of the Board of Directors of the American 
Institute of Electrical Engineers was held at the New Ocean 
House, Swampsoott, Mass., on Tuesday, June 25, 1929, during 
the annual Summer Convention of the Institute. ^ 

There were present: President R. P. Schuchardt, Chicago, 
Ill.; Vice-Presidents: E. B. Merriam, Schenectady, N. Y.; 
J. L. Beaver, Bethlehem, Pa.; H. A. Kidder, New York, N. Y.; 
W. T. Ryan, Minneapolis, Minn.; 0. J. Ferguson, Lincoln, Neb.; 
B. D. Hull, Dallas, Tex.; E. R. Noi'thmci^e, Los Angeles, Calif.; 
A. B. Cooper, Toronto, Ont.; Directors: A. E. Bettis, Kansas 
■City, Mo.; H. C. Don Carlos, Toronto, Ont.; P. C. Hanker, 
East Pittsburgh, Pa.; A. M. MacCutcheon, Cleveland, Ohio; 
E. B. Meyer, NewarS, N. J.; C. E. Stephens, New*York, N. Y.; 
National Secretary P*. L. Hutchinson, New York, N. Y. Also 
present, by invitation: Past-President Charles P. Scott, New 
Haven, Conn.; Offieers-eleetHarold B; Smith, Worcester, 
Mass.; W. S. Rodman, Charlottesville, Va.; W. S. Lee, Char- 
lottee, N. C.; J. E. Kearns, Chicago, Ill.; Assistant National 
Secretary H. H. Henline, New York, N. Y. 

The minutes of the Directors meeting of Ma^^ 22, 1929, were 
approved as previously circulated. 

A report of a meeting of the Board of Examiners held June 19 
was pi^sented and the action takem at that meeting were ap¬ 
proved. Upon the recommendation of the Board of Examiners, 
the following actions were taken upon pending applications: 147 
Students were enrolled; 195 applicants were elected to the grade 
of Associate; 19 applicants were elected to the grade of Member; 
74 applicants were transfeiTed to the grade of Member; five 
applicants were transferred to the grade of Fellow. 

Approval by the Finance Committee for payment of monthly 
bills amounting to $50,759.51 was ratified. 

The following were exempted from future payment of dues as 
“Members for Life,’' in accordance with See. 22 of the Constitu¬ 
tion : P. P. Barbour, E. A. Barnes, W. H. Brenner, H. P. Parshall, 
L. A. Phillips, Norman N. Ross, Qoorge P. Sever, A. E. 
Worswigk. 

Approval was given to 1;]je date, May 7-10, 1930, selected by 
the District Executive Committee, for the already authorized 
meeting in the North Eastern District to be held at Springfield, 
Mass. ♦ 

Upon the recomnjendation of the Chairman of the Sections 
Committee, the Board acted favorably on a request of the 
Oklahoma Section and authorized a cHange in name of that 
Section to “Oklahoma City Section,** and authorized a new 
Section, comprising the entire strfte of Iowa, to be known as the 
“Iowa Section.** 

Approval was given to IjJie organization of a Student Branch 
of the Institute at the Michigan College of Mining and Tech¬ 
nology, Houghton, Mich., which was recommended by the Com¬ 
mittee c«i Student Branches. 

The following were elected Honorary Members of the Insti¬ 
tute: Herbert Hoover, Charles P. Brush, (posthumously), and 
Charles P. Scott. 

The following minute in memory of CharlcvS P. Brush was 
adopted: 

On June 15, 1929, through the death of CharlOs Francis Brush, 
there wa&**removed from the ranks of the Institute, one of its 
charter inefnb«rs. Over a period of almost seventy years of 
activity his naih^ has ever been in the forefront as a pioneer in 
electrical development work. One of the jSrst to realize the value 
of the work of Gramme, in 1876 he designed and bmlt a dynamo. 
In 1878 he ej^bited the first of the world famous Brush arc li|:ht 
machines. Scientist, engineer, humanitarian and philanthropist, 
recipient of world wide honors, Edison Medalist—the Board of 
Directors of the American Institute of Electrical Engineers 
wishes to have it recorded that as a mark of appreciation of his 
services to the profession, Doctor Brush was, at the time of his 
death, though in accordance with proceedings instituted moj^lhs 
before, about to be awarded Honorary Membership, and record 
of election to Honorary Membershij^y the unanimous vote of 
all the meriibers of the Board of Directors is hereby made. 


"^rther, ‘the Board of Directors extends to his family and 
associates its sincere sympathy. 

Decision was made to appoint a Local Honorary Secretary of 
the Institute for Russia, and Doctor Michael Chatelain was 
appointed for the term of two years beginning August 1,1929. 

A recommendation made at the Conference of Officers and 
Delegates, June 24, was presented and adopted, that regional 
meetings hereafter be referred to as “District Meetings.** A 
recommendation made at the same conference that the appro¬ 
priation year for Sections begin August 1 in.stead of October 
was referred to the Finance Committee, with the understanding 
that if feasible, this change Avill be put into effect August 1,1929* 
Resolutions were adopted expressing the Board’s appreciation 
of the effective services rendered by the General Convebtion 
Committee, its vaiious subcommittees,"^and the Ladies Com¬ 
mittee, in connection with the annual Summer Convention, 
Swampsoott, Mass., June 24-28. 

Other matters were discussed, reference to which may be found 
in this and future issues of the Journal. ^ 

The ^neeting closed with an expression by President 
Schuchardt of his appreciation of his exceedingly pleasaut’ asso¬ 
ciation with the members of the Board during his administration, 
and a unanimous vote of ajipreoiation of the members of the* 
Board of the valuable services rendered to the Institute during 
the past year by President Schuchardt. 


Honorary Members Elected .t 

Three distinguislied American Engineers were elected Hon¬ 
orary Members of the American Institute of Electrical Engineers 
at a meeting of its Board of Directors held June 25 during the 
Annual Summer Convention of the Institute in Swampsoott, 
Massachusetts. 

The men tliiis honored were: 

Herbert Hoover, most outstanding American engineer. ^ 

Charles F. Scott, engineer and inventor, head of the Electrical 
Engineering Department of Yale University, Past-Presidentf 
the Institute. 

Charles P. Brush, Cleveland, Ohio, engineer and scientist, 
recipient of Edison Medal, whose death occurred on June 15, at 
which time he was being balloted upon. The unanimous vot ^ 
of the Directors of the Institute having been received, the 
Directors voted on June 25 to record Doctor Brush’s name in the 
list of Honorary Members. 

Five other Americans and three representatives of foreign 
countries had previously been elected as Honorary Members of 
the Institute. The Americans are John J. Carty, Thomas A. 
Edison, Michael I. Pupin, Ambrose Swasey, and Elihu Thomson. 


Section and Branch Activities 

President Smith in his message on the front page of this issue 
of the Journal places much emphasis upon the importance of 
the third object of the Institute, i. e., “the development of th 
individual engineer*’ and the functions of the Sections and 
Branches in oarr 3 dng th© Institute life with its opportunities for 
active service to the profession to within a reasonable radius of 
tbe individual wherever he may be located. 

In accordance with this policy of carrying the life and support 
of the Institute to the individual, as outlined in his message. 
President Smith is attempting a personal appearance and tal^ 
before the membership of each of the fifty-six Sections of the 
Institute this year. It is hoped that, wherever possible, each 
of the 101 Branches ftiay unite with the appropriate and nearest 
Section for these meetings, as these talks are designed espeeially 
for the younger membership of the Institute. 

The Annual Report on Section and Branch Activities, issued 
in pamphlet form in June and motioned in Ips message, contains 
an extended resume in summary and statistical form of their 
principal activities during the fiscal year ending April 30, 1929, 
The information presented makes clear the facts that the activir 
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ties of many Sections and Branches have been greatly improved 
and that there is deep interest among the officers of the local 
groups in finding methods which will offer the greatest benefits 
to the individual membei*s. A considerable amount of space is 
devoted to cooperation between Sections and Branches. Copies 
of this Report may be secured without charge upon application 
to Institute headquarters. 

In order to indicate-briefly the rapid increase in Section and 
Branch activities during the past few years, a table which ap¬ 
peared in the Annual Report of the Board of Directors for the 
fiscal year ending April 30,1929, is reproduced below. 




For Fiscal Year Ending 


- 

April 30 
1923 

April 30 
1925 

April 30 
1927 

April 30 
1929 

SECTIONS 

Number of Sections___ 

46 

49 

52 

54 

Number of Section meet¬ 
ings held.•i.... 

344 

386 

431 

460 

Total Attendance. 

46,672 

40,029 

60,708 

^ 73.254 

BSANCHnS 

Number of Branches. 

68 

82 

95 

100 

Number of Branch meet¬ 
ings held. 

503 

548 

842 

040 

Total Attendance. 

26.893 

27,603 

42,650 

47.408 


' Lamme Medal Presentation 

The first (1928) Lamme Medal which was awarded to Allan 
B. Field, as reported in the February 1929 issue of the Journal, 
was presented to him during appropriate ceremonies at the 
banquet meeting held on Wednesday evening, June 26, at the 
Summer' Convention at Swampscott. This award was made for 
“the mathematical and experimental investigation of eddy- 
cur^ept losses in large slot-wound conductors in electrical 
' macliinery.” 

tPast-President Charles F. Scott, Chairman of the Lamme 
Medal Committee, conducted the program during which the 
presentation was made, and in his opening address spoke briefly 
upon the significaneS of the Medal and the characteristics of 
^ Benjamin G, Lamme, the founder. A sketch of the career of 
Mr. Lamme was given by N. W. Storer, who was closely asso¬ 
ciated with him for many years, and the achievements of the 
recipient were summarized by B. A. Behrend, with whom 
Mr. Field was associated at th§ time he did the work for which 
the award was made. 

Following the presentation of the Medal and a certificate by 
President Schuchardt, Mr. Field responded with a short address. 

At the conclusion of the Lamme Medal presentation program, 
Professor Scott announced that by a remarkable coincidence, 
another medal had been awarded to Mr. Field for the same 
achievement, and the John Scott Medal, awarded by the Board 
of City Trusts of Philadelphia, accompanied by a check for 
$1000 and a certificate, was presented to him by F. L. 
Hutchinson, National Secretary. Mr. Field responded briefly. 

Kelvin Medal Awarded to Andre Blondel 

. A.t a meeting of the Kelvin Medal Award Committee h^d 
in London on the 21st of June, the fourth triennial Kelvin 
.Medal was awarded to Monsieur Andrd Blondel, Membre de 
TAcademie des Sciences, Membre de Tlnstitute de France, 
Oflfioier de la legion d’Honneur, President d’Honneur de la 
Sopieje Franeaise des Blectriciens, Inspeeteur General des 
Ponts et Chaussees, and Honorary Member of the American 
Institute of Electrical Engineers—^he, being in the opinion of the 
Committee, after consideration of the representations received 
from leading engineering bodi^ in all parts of the. world, the 
most worthy to receive on the present occasion this mark of 
distinction in engineering work and investigation of the kinds 

vwith which Lord Kelvin was espepiaJly identified. 


Colloquium on Power Circuit Analysis 

HELD AT MASSACHUSETTS INSTITUTE OP TECHNOLOGY 

A colloquium on Power Circuit Analysis with Particular 
Reference to the Behavior of Machinery and Transmission- 
Line Stability, was in session at the M. 1. T. from June 10 to 
June 22, 1929. A committee was established to formulate 
conclusions and recommendations, if possible, and to make sug¬ 
gestions regarding further investigations which might be 
desirable. ^ 

At the final session the report of the committee, with certain 
modifications, was accepted and some of the items of the report 
were released for publication in the technical press in the belief 
that they wtiuld be of service to the elec|;rical engineering pro¬ 
fession at large. 

The colloquium was attended by about 80 representatives of 
prominent electrical manufaetmers, constructing and engineer¬ 
ing organizations, electric light and power companies, and 
technical educational institutions. The conclusions made 
public are as follows: 

Conclusions and Suggestions op the Colloquium 
Method of analysis. It is sometimes expedient to assume con¬ 
stant impedances, similarity of direct and quadrature axes, 
constant linkages, and constant shaft torque. If this be done, 
^d if there are only a few important machines or stations 
involved, steady-state stability analyses may be made by very 
simple analytic methods or by the method of mechanical equiva¬ 
lents. Transient analyses involving two machine? may be very 
simply made by the equal-area method. If there are more than 
two machines the step-by-step method is still relatively simple 
as a result of these assumptions. The method of mechanical 
equivalents is also available* here. These methods have been 
described in the literature and will in many eases give accuracies ‘ 
comparable with the accuracy of the data involved and the 
importance of the matter under consideration. When more 
accurate or more complete methods are necessary the following 
are available: ^ r, 

I. Steady State. ^ 

The chart method with or without the help of tile network 
analyzer. 

II. Transient State. ^ 

1. Step-by-step method. ^ 

(a) Analytical. 

(b) Aided by the chele diagram. 

(c) Aided by the network analyzer? 

2. Integraph method.'* 

^he integraph is especially suitable for the detailed 
investigation of the e^eot of variations in partic- 
cular machine characteristics; for example, the 
determination of the effect of excitaUon systems, 
amortisseur windings, and the duration f>i fault. 

In any of these methods imbalanced conditions may be 
reduced to balanced equivalent circuits by the method of sym¬ 
metrical components. 

It is to be emphasized thairthe results of any method of analysis 
can be no more accurate Ihan the original data used. 

Definitions, ^he need for a better-established terminology 
for use in stability studies is recognized, and it is felt that the 
following steps to establish this terminology desirable: 

(a) It is recommended that the manufacturers of equip¬ 
ment initiate a move for making uniform and definite the 
terms used in specif3dng such quantities as exciter response, 
the reactances of machines, the inertia constant, time 
constants, damping torque, and reluctance torque. 

(b) It is recommended that a commimication be ad- 
^ dressed to the proper committees of the American Institute 

• of EleetricS,! Engineers and of the National Electric Light 
Association, stating the need for explicit definitions of 
certain terms used in stability studies such ^ static-sta- 
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bility limit, transdent-stability limit, and dynamic or arti¬ 
ficial stability. 

Further Investigations. The discussion of this colloquium has 
brought out the need for further analysis and experimentation 
along many lines, and the following specific lines of investigation 
and publication of results are recommended: \ 

(a) A study of the effects of saturation in synchronous 
machines during transient conditions. 

(b) Further information in regard to the performance of 
turbine governors under transient cor^ditions. 

(c) Further study of the conditions causing hunting in 
systems. 

(d) Transient power limit tests on life-sized or actual 

systems and macjaines for determining the effects of im¬ 
portant characteristics such as regulator characteristics, 
exciter speeds, constants of the amortisseur windings, and 
breaker time. # 

(e) Further information in regard to the characteristics 
of actual loads. This requires the development of methods 
of determining load characteristics. 

(f) Further tests and the development of methods of 
calculating the impedance of circuits which include ground 
return. 

(g) Further study of the value of different methods of 
system grounding from the standpoint of system stability. 

(h) More complete and accurate records of system 
troubles, with all necessary data, including such as are 
obtained by automatic recording oscillographs. 

(i) An investigation of the economic value of modifying 
generator reactance. 

(j) Studies explaining the region of applicability and 
the relative accuracy of the various methods of analysis. 

Journal of Engineering Science. The colloquium membership 
-wishes to state that it feels the need for a new journal of engi¬ 
neering science in which material of a highly technical character, 
such as that listed under the heading, “Further Investigations,’* 
can be published more fully than is possible with existing 
journals. * 

g''"”'""'............................."'""“'"""i 

I PERSONAL MENTION I 
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... 

G. B. Ptoham, Chief Erecting Engineer for India, Burma, and 
Ceylon for Metropolitan Vickers Electrical Co., Ltd., returns to 
Calcutta from England this month. 

JtrsTiN J. MoCaktht has been*appointed Sales Engineer of 
the Sheffler-Gross Company, Inc., 203-11 Drexel Building, 
Philadelphia, sales* agents fpr heating, ventilating, and power 
plant equipment. 

W. H, ElnrnTz has been appointed to the Transformer Sales 
Division •of the Wagner Electric Corporation, St. Louis. He 
was formerly Texas district representative for the JeSery-De 
Witt Insulator Company. 

Harold B. Smith, President of thp Institute and professor of 
Blectrical Engineering at Worcester Polytechnic Institute, had 
two honorary degrees of Doctor of Engineering^onferred upon 
him in June of this year by Purdue University and the Worcester 
Polytechnic Institute. 

Lbstbr H. Sellers, who for nearly three years has been in the 
mploy of the Station Engineering Department of the Philadel¬ 
phia Electric Company, Philadelphia, Pa,, has now engaged with 
the Western Electric Company in the Plant Engineering Depart¬ 
ment of its Hawthorne Station. 

R. HARLAim Horton has been appointed ExecutiveDireotor 
of thei Philadelphia Business Progress movement which has been 
organized to operate for three years. Mr. HortonVas previouely 
Vice-President of Operations for the Mitten Management. More 
than $1,360,000 will be expended in the new development. 


^J. Verling Walrod, who has been Assistant to the Chief 
Engineer of the Minneapolis-Honeywell Regulator Company, 
Minneapolis, Minn, has now joined the Research and Engineer¬ 
ing Department of the Time-O-Stat Controls Company, Elkhart, 
Indiana, in connection with inspection, testing and development 
work upon new' and contemplated products. 

E. P. Dillon has been appointed Vice-President and Associate 
Engineer of the E. Y. Sayer Engine^ng Corporation, Elnick- 
erbocker Building, New York, designers and builders of power 
and industrial plants. For the past ten years Mr. Dillon has 
been General Manager for the Research Corporation of New 
York, in charge of sales of’ the Cotti’ell processes of electrical 
precipitation. He joined the Institute in 1902. 

♦ 

A. R. Robison, who has been Construction Superintendent • 
for the United Gas and Improvement Company, Philadelphia, 
has been elected Vice-President and General Manager of the 
Toledo, Bowling Green & Southern Traction Power Company, 
Findlay, Ohio; the North Baltimore • Service Company; the 
Rudolph Light & Power Company, and the^Wooster Electric 
Company^—all in Ohio. These companies are a part of the 
Empire Public Service Company’s system. Mr. Robison has 
also been elected to the same office with the Western Ohio 
Railw^ay & Power Corporation. 


Obituary 

William Symes .4ndrewi9» who for over fifty years has been a 
representative figure in the electrical world and a man to whom ** 
Thomas A. Edison perhaps owes more than to anyone else in 
the development of the incandescent lamp, died at his home 
in Schenectady, July 1, 1929. He was but seven months 
younger than Mr. Edison, and his half-century period of service 
writh him, in Mr. Edison’s own words, was fraught “with many 
pleasant recollections, great interest, and satisfaction.” 

Mr. Andrews was bom in Saltford, England, the sou<i of 
Bailey and Selina (Chesterton) Andrews. He attended Cuzner’s 
Collegiate Academy at Beckington, near Bath, where he evi¬ 
denced great aptitude in electrical and scientific matters. After 
graduation, he was made an instructor in the academy, and so 
thorough was his knowledge in the scientific field that when only^ 

18 years of age, he became head master of the school, a position 
which he held for ten years. 

In 1876 he removed to Toronto to enter the firm of Raybon & 
Company, manufacturers of firearms and sporting goods. Two^ 
years later, he established a branch factory for the firm in Newark, 
New Jersey, he himself becoming superintendent. In November 
1879 he joined Mr. Edison at Menlo Park in his development of 
the invention of the incandescent lamp. He assisted in winding 
the armature of Edison’sfirst dynamo, constructed the first Edison 
chemical electric meter, molds for carbonizing the filaments of 
the lamps, and ultimately, the diminutive and delicate mecha¬ 
nisms for picking up the hair-hke filaments and planing it between 
platinum clamps for mounting. Early in 1881, Mr. Edison con¬ 
ducted a test on 600 of his electric lamps, upon which tests 
depended the decision for their commercial efficiency. It was 
made Mr. Andrew’s responsibility to scrutinize the performance 
of certain test control apparatus and to regulate it as required. In 
his ardor over the situation, he worked fifty hours without sleep. 

On October 8 of that year he was made Superintendent of the 
Testing Department at the Edison Machine Works, Newark. 
Two years later in June he became Chief Electrical Engineer of ** 
the Central Station Construction Department of the Edison 
Eleotrio Light Company, during the next three years establishing 
over thirty local Edison generating stations including those at 
Sunbury, Pennsylvania—the first Edison three-wire station in 
the Umted States; Rochester, New York; Des Moines, Minne¬ 
apolis, New Orleans, and Chicag^. In 1894, Mr. Andrews went 
to Schenectady to enter the employ of the General Electric Com¬ 
pany, and from 1897 to 1903 he was engaged in X-ray testing, 
taking out a number of * patents on methods of testing and regu- 
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lating X-ray tubes. In fact, it is undoubtedly true that he dieTd 
a martyr to scientific development due to the effects of X-ray 
burns sustained over a prolonged period of thirty-five yeai*s* 
iavestigation, at a time when, because of its comparative infancy, 
the whole danger of the properties of X-ray was not understood. 
The subject of illumination by phosphorescence and fluorescence 
was also of great interest to him. In 1913 he was made Consult¬ 
ing Engineer for the company, a post he held at the time of his 
death. 

When in the Spring of 1922 active steps were taken to gather 
and preserve the relics of early Edison days, now forming our 
Historical Electiical Collection, it was Mr. Andrews who re¬ 
sponded at once to the call, and through the kindness of the 
General Electric Company, was permitted to devote n great deal 
of his time to aiding, and giving aU the benefit of his experience. 

Mr. Andrews became an Associate of the Institute in 1889; 
he was elected a Fellow in 1912, and was made a Member for 
Life October 1926. He was a Fellow also of the Illuminating En¬ 
gineering Society, a Member of the American Association for the 
Advancement of Science, the National Electric Light Association, 
the Franklin Institute of Philadelphia, the Historical Society of 
Pennsylvania, and the Edison Pioneers. F. A. Wardlaw, 
Secretary of the Edison Pioneers, in his tribute to Mr. Andrews 
says, “Endeared as he was to scientists and technicians for his 
many contributions to theory and practise, he was equally 
endeared to all whose privilege it was to really know him, as a 
,, man of lovable character, and sterling integrity, seeing the good, 
and only good, in every situation by which he was confronted. 
The superlative spartanism which he exhibited throughout his 
years of illness,—^in fact throughout his entire life,—^will long 
remain a cherished memory.” 

Eugene H. Abadie, Consulting Engineer, Washington, D. C., 
and prominent in the profession for a great many years, was 
killed at the wheel of his automobile in eollission with a telegraph 
pofe^April 27. On his way to his golf club, he swerved his car 
to escape another which had swung from the curb, and in the 
suddenness of the action he lost control of the car and it crashed, 
injuring him so vitally that he died on the way to tlie hospital. 

Colonel Abadie was a Life Member of the Institute, which he 
-joined in 1905. He was a native of St. Louis, Missouri, where, 
after finishing high school, he was graduated from the St. Louis 
Manual Training School. He entered Washington University, 
but did not graduate, leaving to accept an attractive offer made 
♦‘him by Herbert A. Wagner to join him in building up a company 
just then incorporated—the Wagner Electric Mfg. Company. 

For a period of six months Mr. Abadie worked in the shops; 
later he divided his time between the shops and the office. The 
latter part of 1892 he was given the active management of tho 
Company’s business with the title of Manager of Sales. ‘ Con¬ 
tinuing in this capacity until 1900, he formed an organization for 
the control of the output of the Bullock Electric Mfg. Co.-and 
the Wagner Electric Company. He was immediately chosen 
Manager and the following year he was one of the incorporators 
of the Wagner Bullock Electric Company of California, which 
during its first year he served in the capacity of Vice-President. 
In 1902 he established his own company under a partnership 
name of E. H. Abadie & Company, for general engineering and 
contract work of which there was a superabundance at that time 
in the Middle-Western and Southwestern states. For a while he 
f was affiliated with the Elblight Company of America, in an effort 
to reorganize. When he removed from St. Louis to Washington, 
D. C,, he established a consulting engineering office of his own, 
with which he was occupied at the time of IBs death. 

Mr. Abadie joined the Institute in 1906 as an Associate and 
was transferred to Member in 1913. He was a Director as well 
as a Charter Member of the American Society of Engiheering 
Contractbro; a Member of the Engineers* Club of St. Louis; a 
Member of the League of Electric Interests of St. liouis and of the 
Jovian Order. 

William O. Winston, Jr., Vice-President and Director of the 
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Winston Brothers Company, Minneapolis^ and an Asso|ciate of 
the Institute since 1915, died at the age of 43, June 181 on the 
Pacific Coast, after a short illness. 

Mr. Winston was a student in Electrical Engineering at 
Cornell University from 1908 to 1911, when he became foreman 
of the orf( mine work of the Winston Brothers Company at Hib- 
bing, Minn. The following year he went to Horsey, Wisconsiu, 
as the agent of that company there and at Great Falls, M ontana, 
later to be given charge of small lighting plants used in con¬ 
struction work at Malta, Mont. In 1914 he removed to Junc¬ 
tion, Colo. At the time of his death he was in charge of Grand 
construction of the Diablo Dam pn the Skagit River, a unit in tho 
hydroelectric development for the city of Seattle. 

Thoma^Uklward Murray, who for many years was in cliarge 
of all the allied Edison companies in New York and Brooklyn, 
and subsidiaries in Westchester County, and to whom, next to 
Thomas A. Edison, have been granted more patents than to any 
other inventor in the United States died the morning of July 21 at 
his summer home, Wickapogue, Southampton, after an illness 
which has extended over several months. 

Mr. Miuray was sixty-nine years old. Ho was Ixirn at 
Albany, New York, and attended the public and private niglit 
schools there for nine years, for two years doing additional work 
in the drafting room of lopal architects and onginoors. For four 
more years, he served an apprentieosJup as niarddnist in the shops 
of the Albanj’' Iron & Machine Works. In ISSl lio initerod tho 
employ of the Albany Water Works as Operating Engineer, 
remaining in that capacity until 1887, when he became CJiief 
Engineer, Superintendent and then General Manager for tlio 
Albany Electrical Illuminating Co. From 1890 to 1900, ho 
was Consulting Engineer for the Albany Railwaj*^ (^o., the Troy 
City Railway Company, the Troy Eleclirc Light CVmijiany and 
the United Traction Company (Albany and Troy); and from 1890 
he was Consulting Engineer for the Kings C^ouniy Electric UgJit 
& Power Company and the Brooklyn Edison. He was also 
General Manager of the New York Gas and Electric TJglit, Ifc^at, 
and Power Company from its incorporation date. ^ - 

At an early age he established ji reputation jus an expert 
machinist and attracted the attention of the lato Anthony N. 
Brady, who was then entering the field of public utilities. Mr. 
Murray was placed in charge of the Municipal Gas Company of 
Albany, and while holding that post his iivventiv© genius, which 
was to yield him a record of over 1100 patents, began to assort 
itself. While he was'' still very young, Mr. Brady sout him to 
New York to organize and purchase all electric franchises in Now 
York and Brooklyn. This‘‘resulted in tho Edison Electric'’ 
Illuminating;r,Company of Brooklyn, which afterward was called 
the Brooklyn Edison Company, Inc^ His work in New Yorlc led 
to the formulation of the New York Edison Company and the 
United Light and Electric Light Company. Upon consolidation 
of these interests, Mr. Murray was placed in eomplGto charge of all 
allied Edison Companies, as well as the outlying subsidiaries. 
Last year, because of ill health, he was forced to resign from the 
vice-chairmanship of the Board of the New York Edison Com¬ 
pany, but he continued to 5naintain a general supervision of lus 
own corporations, the Metropolitan Engineering Company, tho 
Metropolitan ©eviee Corporation, the Murray Radiator Com¬ 
pany and Thomas E. Murray, Inc. He was also a Past-President 
of the Association of Illuminating Companies. ^ 

NotwithstandiDg the fact that most of his earlier work was in 
the electrical and gas appliance fields, the force of his activities 
has been felt in almost every phase of modern industry. For 
innumerable inventions of safety applicances, ho lias received tho 
Lonstreth Medal from the Franklin Institute of Philadelphia; 
during the World War, his method of welding shells was produc¬ 
tive of the 240jmm. mortar shell, winning him high commendation 
frdm the War Department. In his consulting engineering work 
he redesigned and directed llie mechanical and electrical con¬ 
struction of the Troy Electric Light Company’s piant the Troy 
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City Railway’s plant, including rotary substations of the United 
Traction Company, and designed and directed the construction 
of the Kings County Electric Light & Power Company’s station 
in Brooklyn. Mr. Murray joined the Institute in 1901 and 
became a Fellow in 1912. He was also a prominent member of 
the American Society of Mechanical Engineers. \ 


Femtagung Meeting By Long Distance 
Telephone -» 

The electrical industry was well represented at the thirty- 
fourth Annual Meeting of the Verband Deutcher Elektro- 
teehniker at Aachen, Germany, July 8-9, 1929. Electrical so¬ 
cieties of Germany, Holland, Austria, and Hungary participated 
in sessions held jointly by means of telephonic communication. 


0 ^ 

'and the feasibility of holding future joint meetings by telephone 
was clearly demonstrated. 

The address of welcome was given by General Director 
Doctor E. M. Krone, of Dortmund, who, after greeting his 
guests and those in other countries talcing part in the proceedings 
gave a forceful talk on the advancement made in the electrical 
industry during the past 5 "ear. He was followed by E. L. P. 
Craemer, who discussed international long distance telephony. 
Short addresses followed hy Professor Dr. Reithoffer, Bleetro- 
teohnieal Society, Vienna, Director Beekman, of the Royal 
Holland Institute, Division of Electrotechnik, in Hague, Holland, 
and last. Professor Caid Zipernowsky, of the Hungarian Elec¬ 
trotechnical Society, Budapest. Other speakers from the Hague, 
Vienna, and Budapest also spoke from their respective cities by 
telephone. The meeting closed Tuesday evening with a garden 
party. 


A. I.'E. E. Section Activities 


SECTION ORGANIZED AT BIRMINGHAM, ALABAMA 

At a meeting held in Birmingham on June 21, the Birmingham 
Section, which had been authorized'by the Board of Directors 
on May 22nd, was organized. R. W. Lamar, Chief Engineer 
of tlie Birmingliam Electric Company, was elected Chairman, and 
O. E. Charlton of the Engineering Department, Alabama Power 
Company, was chosen as Secretary. 

Vice-President C. O. BickeUiaupt of the Southern District was 
represented at the meeting by S. A. Flemister. H. L. Wills, 
Chairman of the Atlanta Section, was present and gave a brief 
talk on the activities of the Institute. H. M. Woodward was 
elected Delegate of the Section to the Summer Convention at 
Swampscott, Mass. 


, PAST SECTION MEETINGS 

Akron 

The Enghiecrs' Participation in Civic Affairs^ by R. P. Schu- 
chardt, President, A. I.' E. E. Short addresses by L. G. 
Tighe, Ass* t General Mgr., Northern Ohio Power & Light Co.; 
Henry Vance,*Looal Consulting Engr.; A. O. Austin, Chief 
Engr., Ohio Insvilator Co., and W. A. Hillebrand, Chairman- 
Elect of the Section. Annual Meeting:, joint with University 
of Akron Branch. Talk by 0. D. Iknley, Chairman of the 
Branch. The following officers were elected for next year; 
Chairmah, W. A. Hill^i*and; Secretary, R. R. Krammes; 
Treasurer, N. Berthold; Chairman, Meetings & Papers 
Committee, H. C. Paiste; Chairman, Menjjbership Com¬ 
mittee, W. J. Secrest. May 24. Attendance 58. 

% 

Cincinnati 

Engineers and Their Perspective^ by W. E. Stilwell, Jr., and 
ImprinUof Engineering on Industry, by Retiring Chairman R. C. 
EVyer. Brief tallcs by Ted Hubbell, Embry-Riddle Co., 
on ‘^Engineers and Aviation;’* G. L. Tarrington, Electrical 
Research Products, Inc., on “Talking Movies,” and Dr. 
B. A. Schwartz, Heart Specialist, on ^The Electric Cardio¬ 
graph.” Secretary-Treasurer • gave his annual report. 
Officers elected for next year are as follows: C^irman, T. C. 
Reed; Secretary-Treasurer, L. L. Bosch; Directors, L. 0. 
Dorfman, E. S. Fields, W. E. Beatty, J. A. Noertker and 
H. D. Rei. Dinner guests at the Maketewah Country 
Club on fnvitation of Francis R. Healy. June 13, At¬ 
tendance 53. 

Detroit-Ann Arbor 

Research on Wind JLoadiiw of Electrical Power Lines (in two 
parts): Fundamental Theorymand General Methods, by Prof. 
R. H. Sherlock, University of Michigan, and Development 
of the Electriccd Recording Meters, hy Asst. Prof. M. B. 
Stout, University of Micmgan.^ Slides. Large amount of 
interest shown in the discussion. Report on plans Jor 
annua l outing on June 18, appointment of teller’s commil^e, 
and discussion of committee appointments for'next year. 
May 21.. Attendance 150. 


Annual Outing of the Section at Edison Boat Club. Officers for 
next year were announced as follows; Chairman, L. F. 
Hickemell; Vice-Chairman, LeRoy Braisted; Secretary- 
Treasurer, T. N, Lacy. June 18. Attendance 110. 

Erie 

Power Company Development and Industrial Progress, by T. F.*'^ 
Barton, District Engr., General Electric Co., New York, 
Vice-President J. L. Beaver gave talk on the w^ork of the 
Institute. Officers for next year are as follows: Chairman, W. 
H. Pelton; Secretary, G. I. LeBaron; Executive Committee, 
W. H. Reynolds, M, V. Wright and H. B. Joyce. June 11. 
Attendance 80. 

Niagara Frontier 

Construction of the Cascade Tunnel on the Great Northern Railway, 
by J. B. Cox, Railway Ei^g. Dept., General Electrib'Co., 
Schenectady. Film—“Driving the Longest Railroad Tun¬ 
nel in the Western Hemisphere.” ' Reports of Membership 
Committee and Treasurer. The Chairman appointed an 
Auditing Committee. The proposed “Agreement for the 
joint use of club rooms, meeting roonjs, secretarial services 
and other facilities of the Engineering Society of Buffalo, 
Inc., by the Niagara Frontier Section” was unanimously 
adopted. The Chairnlan turned over to the Membership 
Committee a list of enrolled Students in western New York, 
Avith the request that the committee get into personal touch 
with a view to securing their active participation. Electiop 
of officers as follows: Chairman, R. T. Henry; Secretary- 
Treasurer, E. P. Harder; Executive Committee, R. W. 
Graham, R. L. Kimber. George W. Eighmy, General 
Electric Co., Buffalo, was appointed Assistant SecretaiT by 
the Chairman. The speaker was entertained at a dinner 
preceding the meeting. May 24. Attendance 105. 

Philadelphia 

Illumination of the Masthaum Theatre, by J. F. Costello, Frank 
Adam Electric Co., and 

Ventilation, Mechanical Equipment and General ConsUuction 
^ the Masthaum Theatre, by C. S. Dingleman, Consulting 
Engr. The papers were followed by an inspection of the 
electrical and mechanical equipment of the Mastbaum 
Theatre. Election of officers for next year as follows: 
Chairman, R. H. Silbert; Secretary, J. L. MacBurney; 
Treasurer, E. C. Drew. Joint meeting with Philadelphia 
Section, Illuminating Engineering Society, and Electric 
Club of Philadelphia. June 10. Attendance 466. 

Spokane 

Annual Dinner Meeting. Chairman Olsen gave a brief address 
regarding the activities of the past ye^. Reports of 
several oommittees presented. The following officers were 
elected for next year: Chairman, Earl Baughn; Vice-Chair¬ 
man, James B. Fisken; Secretary, C. B. Carpenter; Execu¬ 
tive Committee, W M. AUen, L.^R. Gamble ana H. L. 
Vincent. May 24. Attendance 15. 

Lecture and Demonstration of-modem electrical niarvels and 
inventions pertaining to sound transmission, by S. P. Grace, 
Ass’t Vice-President, Bell Telephone Laboratories, Inc. 
June 11. Attendance 1860. 
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PAST bRANCH MEETINGS 


Brooklyn Polytechnic Institute 


Business Meeting. 
40. 


Electioin of officers. May 24. Attendance 

UniveBsity o£ Detroit 


Annual Banquet. Speakers: N. S. Diamant, Research Engr., 
Chrysler Corp.; Dr. T. Leucutia, Radiological Dept., 
Harper Hospital; W. A. Purst, Mgr. Engineering Dept., 
Westinghouse Electric & Mfg. Co., Detroit. C. W.Tlimger- 
ford, Advertising Mgr., Michigan Bell Telephone Co.; 
R. Foulfrod, Plant Extension Eng., Michigan Bell Telephone 
Co., and E. E. Waleryeh, Supt. of Maintenance, Pljnnouth 
Plant, Chrysler Corp. June 6. Attendance 100. 

University of Idaho 


Business Meeting. Election of officers. May 24. Atten¬ 
dance 30. 

School of Engineering of Milwaukee 

Co'pper, by Dr. Koch, Head of Chemistry Dept. Film—“From 
Mine to Consumer—The Story of Anaconda. “ Election 
of officers for next year as follows: Chairman, T. J. Coleman, 
Jr.; Vice-Chairman, W. L. Haeg:quist; Secretary, K. O. 
Werwath; Treasurer, C. H. Sfinner. January 5. At¬ 
tendance 46. 


University of Minnesota 

^^usiness Meeting. Election of officers. May 24. 

Student Work in A, I. E. E. Branches, by Prof. J. H. Kuhlmann, 
^ Counselor; 


Relation of, A. I, E. E. Branch to Department of Electrical Engi-- 
nceri'dg, by Prof. J. M. Biyant, Head of Dept.; 

Relation of A, I. E, E. Section to Branch Work, by Prof. M. E. 
Tood, Chairman, Minnesota Section, and 

The Young Electrical Student and the A. I, E. E,,hy Prof. E. W. 
Johnson. Annua^ banquet, held largely to create more 
interest and enthusiasm in the work of the Branch, Prof. 
W. T. Ryan, toastmaster. May 29. Attendance 57. 

University of Idaho 
Business Metiting. May 7. c 

Pennsylvania State College 

New York^s City Subways, by l^lr. Heme. Film—“Building 
New York^s Newest Subway.” Joint meeting with the 
Metallurgical Society. March 13. Attendance 26. 

c 

Life in Porto Rico, by Manual Andjuar. April 10. Attendance 

20 . 

Jewelled Bearing Manufacture, by B. W. St. Clair, Head of the 
Standards Laboratory, Lynn Works, General Electric Co. 
Slides and specimens. President-elect W. Mason gave a 
report on the Cincinnati Regional Meeting. May 1. 
Attendance 30. 

University of Wi.sconsin 

Business Meeting. Election of officers. May 28. Atten¬ 
dance 23. 


Engineering Societies Library 


The Library is a cooperative activity of the American Institute of Electrical Engineers, the American Society of 
Civil Engineers, the American Institute of Mining and Metallurgical Engineers and me American Society of Meehan^- 
ical Engineers, It is administered for these Founder Societies by the United EngineeHng Society, as a public reference 
library of engineering and the allied sciences. It contains 160,000 volumes and pamphlets and receives currently 
most of the important periodicals in its field. It is housed in the Engineering Socieiies Building, 29 West Thirty--" 
ninth St, New York. •- 

In order to place the resources of the Library at the disposal of those unable to visit it in person, the Library is 
prepared to furnish lists of references to engineering subjects, copies or translations of articles, and similar assistance. 
Charges sufficient to cover the cost of this work are made. 

The Library maintains a collection of modern technical books which may be rented by members residing in North 
America. A rental of five cents a day, plus transportation, is charged. 

The Director of the Library will gladly give information concerning charges for the various hinds of service to 
those interested. In asldng for information, letters should be made as definite as possible, so that the investigator may 
understand dearly what is desired. ^ 

The library is open from 9 a. m. to 10 p. m. on all week days except holidays throughout the year except during 
July and AiLgusi when the hours are 9 a. m. to 6 p. m. 


BOOK NOTICES, JUNE 1-30, 1929 

Unless otherwise specified, books in this list have been pre¬ 
sented by the publishers. The Society does not assume responsi¬ 
bility for any statement made; these are taken from the preface 
or the text of the book. 

All books listed may be consulted in the Engineering Societies 
Library. 

Arc Welding; Lincoln Prize Papers submitted to the American 
Society of Mechanical Engineers. Edited by Edward I*. 
Hulse. N. Y., McGraw-Hill Book Co., 1929. 421 pp., 
illus., diagrs., tables, 9x6 in., cloth. $5.00. 

The Lincoln Arc Welding Prizes were given by the Lincoln 
Electric Company to be awarded by the American Society of 
Mechanical Engineers for the three best papers on arc wel&ig. 
The seven papers published in this book indude the Ihree prize 
winners, the two that received honorable mention and two others 
of unusual merit. 

The papers are “Arc Welding—^Ita Fundamentals and Eco¬ 
nomics*^ by James W. Owens,. “Fundamental Principles of Arc 
Welding” by Prof. H. Dustin, “Electric Welding of Ships, 
Bulkheads and Similar Plated Structures** by Commander 
H. E. Russell. “Theory and Application of the Base Plate Arc 
Welded Rail Joint** by Prank B. Walker, “Stable Are Welding 


on Long-Distance Pipe Lines** by B. K. Smith, “Are Welding as 
Applied to Construction Work at the Philadelphia Navy Yard** 
^ M. W. Kennedy and P. H. Wieland, and “Arc Welding of 
Duplicate Steel Structures** by W. H. Himes. 

Bases op Modern Science. • 

By J. W. N, Sullivan. Garden City, N. Y., Doubleday, 
Doran & Co., 1929. 274 pp., 8x5 in., cloth. $2.00. 

An admirable history of the growth and development of pliysi- 
cal science from the time of Copernicus to the present day. 
Mathematical formulas are conspicuously absent, the treatment 
is as simple as«the subject permits, and the book traces very 
satisfactorily the rise and decline of the conceptions which have 
dominated physics from time to time. ^ 

Berichte User Betriebswissbnschaptlichb Arbeitbn, bd. 1 
& bd. 2. Berlin, V. D. I. Verlag, 1929. 63 pp. & 51 pp., 
illus., diagrs., 12 x 9 in., paper, ll.-r. m. each. 

The first two issues of a new serial devoted to the publication 
of complete reports of interestfiig investigations of processes and 
machinery which, for lack of space, cannot be given fully in 
ordinaijr periodicals. Each of these issues contains three reports 
from the laboratory of the Dresden Technical High School. 
Til^ first, on woodworking machinery, treats of planing, mortising 
ana working veneers. The second, on metal working processes, 
discusses the drawing of hollow vessels from thin sheets, the 
efficiency of machine hacksaws, and broaching. 
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JilOllIGIlTPOLGE DE 8 KOHLENSTAUBAUS 8 CHUS 8 ES DES ReICHS- 

KoiiLBNRATES, IStli & 19th, April & June 1929. Berlin, 

V. D. I. Verlag, 1929. 16 pp. & 12 pp., 12 x 8 in., paper. 

1 r. in. each. • 

The papers in these two reports of the CommitteeW Pulver¬ 
ized Coal discuss various questions of interest to users; facts 
for buyers, ignition and combustion phenomena at various 
furnace pressures, heat flow and storage in furnace walls; the 
behavior of ash; the possibility of separating ash from flue gases; 
conveying pulverized coal; and the extir^iishing of pulverized 
<*oal fires. 

Bosinksh Law for Enginrf*rs. 

By C, Prank Allen. 3rd edition. N. Y., McGraw-Hill 
Book (^^o., 1929. Various paging, 9 x 6 in., cloth. ^$4.00. 

Tliis text aims “to'give the engineer a sufficient understanding 
of important fundamental features of law, so that he may have 
some idea of when or how to act himself and when to seek expert 
advice.** The author has had experience both as an attorney 
and as a civil engineer. 

] n this edition tliere is a new chapter on “cost plus’* contracts, 
and several new forms of contracts. 

Diagrammb und Tabellen ZurBehbchnung dbr Absorptions 
-KXltemaschinen. 

By Pr. Merkel and Pr. Bosnjakovic. Berlin, Julius Springer, 

1929. 43 pp., diagrs., tables, 11 x 8 in., paper. 12 .-r. m. 

Tlio simple formulas and graphici^JL tables,^ which the authOTS 
have prepared from recent investigations, simplify greatly the 
’design of absorption refrigerating machines. The necessary 
data and tables are given here, with a description of their use. 
Ei.EaTuiCAL Transmission and Distribution ... v, 5-6; Sub¬ 
station Work, pt. 1 & pt. 2. Edited by R. 0. Kapp. N.Y., 
Isaac Pitman Sons, 1929. 2 v., illus., diagrs., tables, 
8x5in., clotJi. #1.75 each. 

Volumes five and six of this treatise on transmission and dis¬ 
tribution treat of substations. Transformer constnmtion and 
operation; converting machinery; mercury vapor rectoers; me 
design, layout, testing and operation of a^. substations; and 
automatic substations are considered. Each section is me worK 
of one or more English specialists. The work is intended ^ a 
pracdical guide for those engaged in tranamission work as builders 
or operators of transmission systems. 

Kdeotrical Transmission and Distribution, v. 7-8; v. 7, 
Instwimenis and Meters. V. 8 , Auxiliary Plant. Edited 
])y R. O. Kapp. N. Y., Isaac Pitman & Sons, 1929. 2 v., 
illus., diagrs., 8 x 5 in., cloth. #1.76 each. 

These two volumes complete the work. Volume 7 eontmns 
data on ammeters, Voltmeters, ohmmeters, wattmeters, iMtru- 
inent transformers, eleetrieity meters, disStlS 

<lepartment 8 , and control room design. 
boosting de vices and the powor-fa<jtor problem, and eonteins an 
. ttppondic on the development of the 

whicJi describes recent research work on the breaker and me 

breaker arc. 

EisEotrifioation’OP Steam Railroads. 

By Kent Tenney Healy. Y., McGraw-HiU Book 1929. 

396 pp., illus., diagrs., tables, 9x6 m., cloth. 

Combines a description of the physical (^aractenstics of 
elements of electrification with an analysis of econoimc probtos 
and the operating performance of ^ 0 *^ electoflcation^d etectoo 
opSon. Po^r eontraote, overhead .systems of ^tobuUon 
and the economics of electrification are given special attention. 

English and Scibnob. .vt ^ j n moo 

By Philip B. McDonald. N. Y., D. Van Nostrand Co., 1929. 
192 pp., 9 X 6 in., cloth. * 2 . 00 . , . , xj. 

Proper forms for formal and informal reports 
the imnortanfie of correot language, common faijlte of poor 
•writers^ punctuation, and sentence structure are the rabjecte 
tn which Professor McDonald devotes the greater part of hia 
In SS *«re is much sound advice on mmor 
matters and interestiiig suggestions for cultural reading. The 
Sm^sho^^b^hdp^Tu slaistiBg professional men to attam a 
concise, attractive, clear style. 

Dm FbSTIQKBIT DBB SCBmAUBBNVBRBINDUNG IN ABH^^GIGMIT 

Schaubth .. .edited by Kurt Mutze. , • 

Berlin, Julius Springer, im. 108 pp.. iHus., plates, dufcs., 

boKS Sed out at the Dresden Technical High School, at 


the request of leading German bolt makers. The methods and 
instruments are described in full, as well as the results obtained. 
Festschrift der Tbchnischen Hochschule. Stuttgart. .. 
1829-1929. Berlin, Julius Springer, 19291 475 pp., illus., 
diagrs., 11 x 8 in., cloth. 24,-r. m. 

This attractive volume is issued by the Stuttgart Technical 
High School in celebrafcion of it^ eente^al. Tlmty-seven 
papers by members of tbe faculty describe investigations 
various flelds—engineering, science and art—in which the school 
is active. 

Genauigkbitsermittlungbn an WerkstUcken zur Bestim- 
munq Zweckmabsigbr Passu NGSSiTZE. 

By K. Gramenz. Berlin, V, D. I. Verlag, 1929. 24 pp., 
illus., diagrs., 12 x 9 in., paper. 3-r. m. 

The effectiveness and adaptability to shop pr^tise of the 
system of fits and tolerances adopted by a factory is the subject 
under investigation here. The pamphlet describes methods imd ^ 
apparatus for determining the quality of workmanship existing ^ 
in a factory, and for ascertaining the most economical degree of 
exactitude* to be sought. 

Die Grundlagen der TragflUgel—und Luptschrauben- 
THEORIB. 

By H. Glauert. Trans, by H. Holl. Berlin, Julius Springer, 
1929. 202 pp., diagrs., tables, 9x6 in., paper. 12,75 r. m. 

A translation of “The Elements of Aerofoil and Airscrew 
Theory,” with practically no changes from the Engh^ ?, 
of 1926. The book presents the theory in a form suitable tor 
students who do not mow hydrodjmamies, and avoids complex ^ 
mathematical analysis. 

Junkers; Festschrift. 

By A. Berson and others. Issued by Verein Deutscher IR- 
genieure. Berlin, V. D. I. Verlag, 1929. 99 pp., iUus., 12 x 9 
in., cloth. 6,-r. m. 

This attractive volume, prepared to celebrate the seventaeth 
birthday of Hugo Junkers, is a review of the outsl^diM events or 
his engmeering career by some of his friends. The Jnnkers oil 
anfrinA , Junkers’ contributions to heat engineenng, constostion 
and materialB, and his activities in aviation are described by 
various specialists. “ 

Manual of Engineering Drawing. 

By Thomas E. French. 4th edition.. N. Y., McGraw-Hill 
Book Co., 1929. 466 pp., illus., diagrs., fables, 9x6 in., olol^. 
*3.00.. 

The fourth edition of this popular text been nmde to con¬ 
form to the standards of the American Standards Assoomtion, 

alw been increased. The book aims to provide a thoron^ course 
based on good engineering practise. 

Mechanics tor Enginbbrs. _ 

By LOToy W. Clark. Baltimore, Williams & Wilkins, 1928. 

192 pp., diagrs., 9 x 6 in., cloth. *3.50. ,. ^ xv i u 

Simplicity and brevity are emphastoed m tos 
on the author’s courses at the Rensselaer Polyteehmc Institute. 
Th^ook aims to give a knowledge of mechanics 
the needs of undergraduate students in a versr short amount o 
time^ and to provide the necessary foundation for advanced 
work by graduate students. 

Men, Monet and Motors. -d >j v 

By Theodore F. MaoManus and Norman Beasley. N. x., 

SSTthSm A2fiK®«ng story is told dramaticaUy. 
Pastures of Wondki : the Realm of Mathematics and the Realm 

B^Cassius Jackson Keyser. N. Y., Columbia University 

Press; 1929. 208 pp., 8 x 6 in., bound. 9Q.75. „„ a„x 

TCevser’s book has a two-fold purpose*. He mst 
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Pitman’s Technical Dictionary of Enoinbbring and In¬ 
dustrial Science in Seven Languages ; English, French, 
Spanish, Italian, Portugese, Russian and German, voLL 
Compiled by Ernest Slater. N. Y., Isaac Pitman & Sons, 
1928- [3v. completed.] v. 1, 582 pp., 10 x 7 in., cloth. 

S12.50 a vol. 

This dictionary will be found invaluable by every translator of 
English catalogs and technical articles and books into the 
languages that it covers. Unusual care seems to have been taken 
to coyer the field adequately and to provide accurate equivalents. 
Special attention has been given to idiomatic phrases, and a 
useful essay on the art of technical translation is iacluded. 
Practical Primary Cells. 

By A. Mortimer Codd. N. Y., Isaac Pitman & Sons, 1929. 
127 pp., illus., diagrs., tables, 8x5 in., cloth. $1.50. 

Gives working details for the primary cells that have the 
gr^test practical value for laboratory and commercial uses. 
A list of some two hundred types of cells is included, showing their 
composition, inventor, and electromotive force. 

Problemes de StI^itique Graphique et db RiSsistance des 
Mat^riaux. • 

By Louis Roy. Paris, Gauthier-Villars et Co., 1929. 119 pp., 
diagrs., 9 x 6 in., paper. 30 fr. 

A collection of problems derived from examinations at the 
Institute of Electrical Engineering and Applied Mechanics at 
Toulouse University and those for certificates in applied me¬ 
chanics. Intended as a companion to the author’s textbook 
on the same subjects, and similarly arranged. 

^•R.\dio Telegraphy and Telephony. 

By Rudolph L. Duncan and Charles E. Drew. N. Y., John 
Wiley & Sons, 1929. 950 pp., illus., diagrs., tables, 9 x 6 in., 
cloth. $7.50. 

A systematic presentation of the subject in great detail, cover- 
mg generating and recei\ing apparatus of all kinds, and discuss- 
ing both theoretical and practical aspects of radio communication. 
The authors are experienced teachers, connected with the Radio 
Instetete of America. The book is designed for use as a textbook 
and work of reference. 

Railway Electrification and Traffic Problems. 

By Philip Burtt. N. Y., Isaac Pitman & Sons, 1929. 197 pp.. 
illus., maps, 9 x6in., cloth. $3.00. 

A presentation of the general question of electrification from 
the pomt of view of a traffic manager. It brings together the 
pertinent facts from the experience of various countries and dis¬ 


cusses the problems involved. The author is an advocate of 
electrification for main lines. 

TaSCHBNBUCH FOR Berq —UND HfiTTBNLEUTE. 

Edited bv F. Kogler. 2d edition. Berlin, Wilhelm Ernst & 
Sohn, I929f 1207 pp., diagrs., tables, 7x5 in., cloth. 33,50 r. in. 

This reference book brings together a remarkable amount of 
the practical data ordinarily needed by the mining engineer and 
metallurgist. The new edition has been carefully revised and 
considerably enlarged. 

Das TECHNIKBRPROBlipEM. 

By W. Franz. Berlin, V. D. I. Verlag, 1929. 49 pp., 8x0 in., 

paper. 2,50 r. m. 

A discussion of engineering education, pai*ticularly of the 
proper eurrimilum for training engineers for state and municipal 
offices. The author outlines courses wliieh include both oconoinic 
and engineering subjects, corresponding somewhat to the courses 
in engineering administration offered by some American (colleges. 
Telephone and Power Transmission. 

By R. Bradfield and W. J. Jofin. N. Y., John Wiloy & Hons, 
1929. 238 pp., diagrs., tables, 9 x 6 in., cloth. $5.75. 

A textbook intended for those who approach the subject with 
a limited knowledge of mathematics. The autliors first give 
an introductory statement on the use of vectors and Jiyperbolic 
functions, after whicli the theory of transmission is ])roseiited. 
The practical application of the theory to the problems of long¬ 
distance telephone transmission is then shown, after wliicJi the 
problems of single-phase and three-phase pow(T lines are 
discussed. 

Textbook op Illumination. 

By William Kunerth. N. Y., John Wiley & Sons, 1929. 
269 pp., diagrs., 9x6 in., cloth. ^.00. 

A brief text based on the course given by Uie author to senior 
eleotncal students at the Iowa State College. Tlio jirinciples 
are presented, with enough applications to illustrate tliem, but 
mthout any eliort to present all possible forms. The course is 
thought sufficient to prepare the student for the prolilorns that 
anse m ordinary practise. 

Treatise on Differential Equations. 

By A. R. Forsyth, ^th edition. N. Y. & Lond., Macmillan 
Co., 1929. 583 pp., 9x6 in., cloth. $6.75. 

Professor Forsyth’s well-lmown volume is intondod as a prac(,i- 
cal worlang text-book on the subjeetTand the general flieory Juts 
been detotely avoided. 

The sixth edition varies from the fourth in minor matters only. 


lUlHIMIIMIIIIHMIllMIIIIIIIIIMII 


Engineering Societies Employment Serrice 


EMPLOYMENT SERVICE. B1 .I>epartment a^idd be addressed to 

of (he month. street. New York City, and should be recHved prior to the IBIh day of 

PM6t4«Ae(i*i«eeMw and is amildble to 
bans not filled prompUy as a result of ^lieatit^infZ fT’ ^ annum, payable tn advance, Poai- 

yOLUl^TARY CONTRIBTTTTh?J<i Bmlehn may be announced herein, as formerly, 

inmUd to cooperate with ^ medium of Ms service are 

‘jfiaeemenl, on the basis of one and one-half per cmt of the vnthin thirty days after 

^ree per cent of tetal salary received. Thein^ ^ <»• 

by the four societies named above tviU it is i. members, together with the finances approvriaied 

replies to ANNOVN^^BM^Re^Sr^^ f ezter^/ieZ^v^. 

be addressed to the key number indited inpn^^ntlf\ to anr^ncements published herein or in the Bulletin should 
to the Employment Service a7stamp attached for.refi^arding, Zdf^M 
fitted tvill not be forwarded. PosiHons to Shich tl4’refer^^,e b7m 


. POSITIONS OPEN 

EI^CTBICAL engineer, abftut 36. Trith 
practical experience in general manufacturing of 
transformers, motors, switchgear; able to di- 
trouble In repairing of apparatus, fuU 
knowledge of mechanical tools and winding neces- 
All round man required to tjdce charge of 
plants. Apply by letter stating full details with 


expected. Opportunity. 
Location, Western Oajiada. # X-8608-OS. 

men available , * 

^OTRIOAL ENGINEER, age 81; married- 
fourty years direct experience with the design’ 
yyuetton and erection of dectrical eqnlpnient 
Indihe design and layout of sub¬ 
stations, transmission lines, etc. Desires position 


^ectrlcaJ concern who would be able 
^ 6149 !“^ services. Canada preferred. 

B3LEOTBIOAL ENGINEER. 87, married 

stations, branch oi 
large mu^tipal plant design, estimates, ap- 
prol^ of large a-c. ard d-c. eaulpi^ ml 
chamcal. communication work. Good tochnlcJ. 


m 
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business training, sales ability. Desires position 
involving business as much as technical work, 
with growing concern, good future essential. 
Now employed; available at short notice. 
Lociitlon, Canada. 0-6165. 

ELECTRICAL AND MECHANICAL ENGI¬ 
NEER, 31, graduate, seven years* experience with 
public utility, steel mill, and manufacture; 
desIiHis new connection in executive capacity 
involving major responsibilities and requiring 
alertness, initiative, personality, resoui'cefulness, 
and dependability. Thoroughly familiar with 
both the electrical and steam ends. . At present 
in charge of responsible work. C-1297. 

ELECTRICAL-MECHANICAL ENGI¬ 
NEER, 32 years old; 6 y^rs testing, designing, 
transmission lino research* and central station 
oxporlenco, desires position of responsibility with 
manufacturing or operating company. C-200. 

PUBLIC UTILITY OPERATION AND 
MANAGEMENT, Electrical Bngineei- >lth 
broad experience in public utility design and 
operation, and in accident prevention applied to 
public utility design and operation. Expeiience 
in investigation and report work. Knowledge of 
porsonnol studies. Preferred location, Eastern 
United Stiites. B-4411. 

GRADUATE ELECTRICAL AND ME- 
OlTANiOAL ENGINEER, with two years post 
graduate work physics. Desires position as 
research or consulting engineer. 10 years’ experi¬ 
ence high-tension and automatic devices. Some 
X-ray work. Will accept position as designing 
engineer whore facilities for research are available. 
Executive, organizing ability. Tiocation, United 
Htatos, or abroad. B-9406. 


ELECTRICAL ENGINEER, over 20 years* 
experience, including two years as associate 
physicist at Bureau of Standards. Last four 
years full professor of Electrical Engineering in 
leading technical school. Specialist In theoretical 
and mathem^atical analysis of engineering prob¬ 
lems; research, design and invention. Broad 
knowledge of radio. Location preferred South 
or East. C-6141. 

DEVELOPMENT ENGINEER, 15 years' 
-^experience •with engineering developments. Can 
take entire charge of a development program. 
B-208. 

ELECTRICAL ENGINEER, yeai‘’s experi¬ 
ence both hydro and steam in constnictlon and 
operating. Member A, I. B. E.; married; 
college education, speaks Spanish, employed in 
Latin countries for over seven years. Present 
employed would be available In 30 days. Foreign 
fields preferred. B-4552. 

PIONEER, on a-c. network design: technical 
graduate •with 14 years’ experience in the design, 
construction and operation of public utility prop¬ 
erties; desires to make connection with a public 
utility company or a contracting th*m •with a view 
to futme partnership. A-4319. 

ELECTRICAL ENGINEER. Technically 
trained, mature judgment, personality, 11 years’ 
experience, large industrial plants such as steel, 
paper mills; construction, maintenance, repairs, 
redesigning, rewinding armatmes, stators, trans¬ 
formers; design, construction special automatic 
controls for specific duty. Four years’ experience, 
large custom repair shop. Desires position indus¬ 
trial concern, custom repaii* shop. Middle 
West preferred. 0-5916. 


ELECTRICAL ENGINEER, graduate, de¬ 
sires position with manufacturing concern public 
utility or contractor, 18 years’ experience In the 
electrical industry, 10 of which, to date, connected 
•with the largest public utility company. Design, 
construction, maintenance, power houses, sub¬ 
stations. distribution, handling materials, speci¬ 
fications, etc. LocaMon, here or abroad. C-6055. 

. ELECTRICAL ENGINEER, B. S. 1921, one 
yeai’ as inspector and assistant research engineer 
on cables, seven years electrical designer of sub¬ 
stations, power house, oil and copper refineries. 
Desires position In New York City, or Newark, 
New Jersey. C-5473. 

ASSISTANT EXECUTIVE. . 37. married, 
technically trained. Connections with large 
public utility, manufacturers and industrial con¬ 
sultants on work of administrative and commer¬ 
cial research nature. Especially qualified as 
assistant to busy executive needing man with 
management ability. Well endorsed. Prefers 
East. B-9122. 

ELECTRICAL ENGINEER, having several 
years’ practical experience and executive ability, 
winding, test and operation of arC. and d-c. motors, 
generators; design, controllers, contactors, motors 
and electrical maintenance in industrial plants 
and steel mills. C-4128. 

INVENTOR, Engineer -will originate devices 
for specific requirements, develop for production. 
Expert knowledge of patents. Salary basis or 
otherwise. B-208. 

PRODUCTION ENGINEER, 29, single, well 
trained in electrical and mechanical engineering. ^ 
Desires permanent connection. Three years ^ 
before graduation and four years after graduation 
of diversified engineering experience. Location, 
anywhere. 0-696. 
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MEMBERSBnP—Applications, Elections, Transfers, Etc. I 


APPLICATIONS FOR ELECTION 

Applications have been received by the Sec¬ 
retary from tfie following candidates for election 
to momborship in the Institute. Unless otherwise 
indlcatod, the applicant Jias applied for admis¬ 
sion as an Associate. If the applicant has applied 
for direct iulmission to a grade higher than Asso¬ 
ciate, the grade follows immediately after the 
name. Any member objecting to the election 
of any of these candidates should so inform the 
l^ecretary before August 31,1929. • 

Bullen, R, P., General Electric Oo., Worcester, 
Mass. 

Ooloman, E. S., Dallas Power ^ Light Oo.. 
Dallas, Tex. 

Oollins, W. G., Pacific Tel. & Tel. Oo., San 
Francisco, Oalif. 

Oox, A. A., e/o General Electric Oo., New York. 
N.Y. 

de Ferranti, M. A., General Electric Oo., Schenec¬ 
tady, N. Y. 

Early, F. J., Jr., P. J. Walker Oo., San Fran^sco, 
OtUlf. 

Falgo, M. D„ R. O. A. Photophone Inc., New 
York, N. Y. 

Fyfe, L. J. G.. Thames Valley Electric Power 
Board, Te Aroh^ Ancldand, N. Z. 

GaUaghor, G. J.. Continental-Diamond Fibre Oo., 
Boston, Mass. 

Hamby. H. M., Stone & Webster Engg. Oorp., 
Bennings, D. O. 


Janes, G. N., Associated Gas & Electric Co., 
Oalals, Me. 

Jessop, G. A., (Member), S. Morgan Smith Oo., 
York, Pa. 

Kilgore, L. A., Westinghouse Elec. & Mfg. Co., 
East Pittsburgh, Pa. 

Lott, H. A.. Southern California Edison Co., 
Los Angeles, Oalif. 

•vMapes, L. R., (Member), Illinois Bell Telephone 
Oo., Chicago, Ill. 

Meagher, R. J., Rochester Gas & Electric Oorp., 
Rochester, N. Y. 

MiiUigmi,,^. E., Mass. Institute of Technology, 
Cambridge, Mass. 

Murray, V. M., School of Engineering of Mil¬ 
waukee, Milwaukee, Wls. 

O’Neil, O. B., Fairbanks, Morse & Co., Houston, 
Tex. 

Prutton, L. J., Cleveland Electric Illuminating 
Oo., Cleveland. Ohio 

Schoenborn, F. J. W. F., Radio Oorp. of America, 
Riverhead, N. Y. 

Scholten, O. H., Aluminum Good Mfg. Oo., 
Manitowoc, Wls. '* 

Smith,'b. J., General Electric Co., Cincinnati, 
Ohio 

Sperry, E. A., Jr., (Member), Sperry Gyroscope 
Co., Brooklyn, N. Y. 

Storms, H. J., Western Union Telegraph Oo., 
Spokane, Wash. 


..I.I...mill.UK...... 

Stratford-Handcock, A. G„ Plastow Electric, 
New Westminster, B. G., Can. 

Thomas, O. A., Fairbanks Morse & Co., Indian¬ 
apolis, Ind. 

Thoren, A. W., Westinghouse Elec. & Mfg. Op., 
New York, N. Y. 

Whiteley, H. O., Western Electric Co., Chicago, 

in. 

Wiley, W. S.,^ Cia. Oubana de Electricldad. 
Havana, Cuba 

Wilhelm, G. R., Chespeaker & Potomac Telephone 
Oo., Washington, D. C. 

Wilson, R, O., The Philip Oarey Mfg. Co., 
Ohicinnatl, Ohio 

Wolfe, R. L., Robbins & Myers, Inc., Springfield. 

Ohio 
Total 27. 

Foreign 

Abigail, E. W., Shanghai Municipal Council. 
Shanghai, China 

Banaji, P. K., (Fellow), Municipal Council, 
Tanjore, India 

Eckmann, H. H„ Chile Telephone Co., Santiago, 
Chile, So. America 

James, J. O., P. 0. Box 11, Wanganui, N. Z. 
Kripaianl, M. T., G. I. P. Railway, Matimga. 
Bombay, India 

Renaud, 0., Ateliers de Constructions Electriques 
de Charleroi, Charleroi, Belgium 
Total 6. 
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INSTITUTJB MJD RELATED ACTIVITIES 


OFFICERS A. 1. E. E. 1929-1930 


* President 

Harold B. Smith 

Junior Past Presidents 

R. F. SCHUCHARDT BANCROFT GHERARDI 


Directors 

I. E. Moultrop 
H. C. Don Carlos 
p, J. Chesterman 
C. Hanker 
^ B. Meyer 
H. P. Liversidge 
National Treasurer 
George A. Hamilton 


J. Allen Johnson 
A. M. MacChtciikon 
A. E. Rkttis 
\V. S. Lee 
J. E. Kearns 
C. E. Stephens 
National Secretary 
P. L. IJotchinson 


E. B. Merriam 
H. A. Kidder 
W. T. Ryan 
B. D.**Hull 
G. E, Ouinan 


Vice-Presidents 

Herbert S. Evans 
W. S. Rodman 
C. E. Pleager 
E. C. Stone 
C. £. Sisson 


Honorary Secretary 
^ Ralph W, Pope 

a. I. E. E. COMMITTEES AND REPRESENTATIVES 

The list of committees and representatives is omitted from this issue, 
as new appeintments arc being made for the administrative year lieBinning 
August 1; and these will be listed in the September issue* 


Akron 

Atlanta 

Baltimore 

Blnningham 

Boston 

Cliicago 

Cincinnati 

Cleveland 


LIST OF SECTIONS 


Columbns 

Connecticut 

Dallas 

Denver 

Detroit-Ann Arbor 
Erie 

Port Wayne 
Houston 


Indianapolia-Laf. 

Ithaca 

Kansas City ^ 
Lehigh VsUey 
Los Angeles 
Louisville 
Lynn 
Madison 


Mezieo 
Milwaukee 
Minnesota 
Nebraska 
New York 
Niagara Frontier 
North Carolina 
. Oklahoma 


Panama 
Philadelphia ' 
Pittsburgh 
Plttofleid 
Portland, Ore, 
Providence 
Rochester 
St. Louis 


San Francisco 

Saskatchewan 

Schenectady 

Seattle 

Sharon 

Southern Virginia 
Spokane 

Springfield, Mass. 


Syracuse 

Toledo 

Toronto 

Urbaua 

Utah 

Vancouver 
Washington 
Worcester 
Total 66. 


LIST OF BRANCHES 


Akron, Municipal University of, Akron, Ohio 
Alabama Polytechnic Distitute, Auburn, Ala. 

Alabama, University of University, Ala. 

Arizona, University of, Tucson, Ariz. 

Arkansas, University of, Fayetteville. Ark. 

Armour l^titute of Technology, 3300 So. Federal St., Chicago. 11). 

Brooklyn Polytechnic Institute, 99 Livingston St., Brooklyn, H. Y. 
Bucknell University, Lewisburg, Pa. 

California Institute of Terhnology, Pasadena. Calif. 

Caltiomia, University of, Berkeley, Calif. 

Carnegie Institute of Technology, Pittsburgh. Pa. 

Case School of Applied Science, Cleveland, Ohio. 

''Catholic University of America, Washington, D. C. 

Cincinnati, University of, Cincinnati, Ohio. 

Clarkson College of Technology, Potsdam, N. Y. 

. Clemson Agricultural College, Clemson College, 8. C. 

- Colorado Stiite Agricultural College, Port Collins, Colo. 

Colorado, University of, Boulder, Colo. 

Cooper Union, New . York, N. Y. 

Cornell University, Ithaca, N. Y. 

Denver, University of, Denver. Colo. 

^ Detroit, University of, Detroit, Mich. 

Drexel Institute, Philadelphia, Pa. ^ 

Duke University, Durham, N. C. 

Florida, University of, Gainesville, Fla. 

Georgia School of Technology, Atlanta, Ga. 

Idaho, University of, Moscow Idaho. 

Iowa State College, Ames, Towa. 

Iowa, State Univerrity of, Iowa City, Iowa. 

Kansas State College, Manhattan, Kansas. 

Kansas, University of, Lawrence, Kans. 

Kentucky, University of, Lexington, Ky. 

Lafayette College, Easton, Pa. 

Ldhigh University. Bethlehem, Pa. 

Lewis Institute, Chicago, HI. 

IfOuiriana State University Baton Rouge, La 
Louisville, University of, Louisville, Ky. 

Maine, University of, Orono. Maine. 

Marquette University, 1200 Sycamore St., Milwaukee, Wia. • 

Massachusetts lhatitute of Technology, Cambridge^ Mass. 

Michigan State College, Bast Loosing, Mich. 

Mi c hf ga a , University of, Ann Arbor, Mich. 

Mnwnnkee, School ot Engineering of, 163 East Wells St., Milwaukee, Wis. 
Minnesota, Univendty of, Minneapolis, 

BDssisrip^ Agricultoral & Mechanical College, A. & M. College. Miss. 
Missouri school of Mines & MinetiUurgy, Rolla? Mo. 

Missouri, University of, Columbia, Mo. 

M ont a n a State College, Bozeman, Mont. 

Nebraska, University of, Lincoln, Neb. 

Nevada,.Univer8ity of, Reno, Nevada. * 

Newark College of EngMeering, 867 High St., Newark, New Jersey. 


New Btampshire, University of, Durham, N. H. 

New York, College of the City of, 139th St.. & Convent Avo., New York, N. Y. 
New York University, University Heights* New York, N. Y. 

North Carolina State College, Raleigh, N. C. 

North Carolina, University of, Chapel Hill, N. C. 

North Dakota Agricultural CoUege, State College Station, Fargo, N. D. 

North Dakota, University of, University Station, Grand Forks* N. D. 
Northeastern University, 316 Huntington Ave., Boston 17. Mass. 

Notre Dame, University of, Notre Dame, Ind. 

Ohio Northern University, Ada, Ohio. 

Ohio State University, Columbus, O. 

Ohio University, Athens, O. ' 

Oklahoma A. & M. Collie, Stillwater, Okla. 

Oklahoma, University of, Norman, Okla. 

Oregon State College, Corvallis. Ore. 

Pennsylvania State College, State Collegf^ Pa. 

Pennsylvania, University of, Philadelphia, Pa. 

Pittsburgh, University of, Pittsburgh, Pa. 

Princeton Uxiiversity, Princeton, N. J. 

Purdue University, Lafayette, Indiana. 

Rensselaer Polytechnic Institute, Troy, N. Y. 

Rhode Island State College, Kingston, R. I. 

Rose Polytechnic Institute,’Terre Haute, Ind. 

Rntgers University, New Brunswick, N. J. 

Santa Clara, University of, Santa Clara, Calif. 

South Carolina, University of, Columbia, S. C. 

South Dakotg State School of Mines, Rapid City, S. D. 

Sonth Dakota, University of, Vermillion, S. D. 

Southern California, University of, Los Aageles, Calif. 

Stanford University, Stanford University, Calif. 

Stevens Institute of Technology, Hoboken, N. J. 

Swarthmore College, Swarthmore, Pa. 

Syracuse University, Syracuse, N. Y. 

Tennessee, University of, Knoxville, Tenn. 

Texas, A. A M. College of. College Station. Texas. 

Texas, University of, Austin, Texas. 

Utah, University of. Salt LakecCity. Utah. 

Vermont, University of, Burlington, Vt. 

Virginia Milita^ Institute, Lexington, Va. 

Virginia Polytechnic Institute, Blacksburg, Va. 

Virginia, University of. University. Va. 

Washington, State College of, Pullman, Wash. ^ 

Washington University, St. Louis* Mo. 

Washington, University of, Seattle* Wash. 

Washington and Lee University, Lexington, Va. 

West Virginia University, Morgantown* W. Va. 

Wisconsin, University of, Madisom* Wis 
Worcester Polytechnic Institute, Worcester, Mass. 

Wyoming, University of,. Laramie, Wyoming. 

Tale University, New Haven, Conn. 

A Total 101 

• * 


AFFILIATBD STUbENT €OCIETY 

Brown Engineering Soriety, Brown University, Providence, R. 1. 

Note: Name* of new officer, wffl be printed in the September issue of the JoonNAi.. ■ Names of officers serving to July 31 may be found fn the July totlBHAi. 
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Journal A. I. E. B- 


DIGEST OF CURRENT INDUSTRIAL NEWS 


NEW CATALOGUES AND OTHER PUBLICATIONS 

Mailed to interested^ readers hy issuing^ companies 
Voltage Regulators.—^Bulletin GEA-709A, 34 pp. Describes 
Q-B automatic generator voltage-regulators. General Electric 
Company, Schenectady, N. T. 

Dlsconnectinil Switches.—Bulletin 27, 2 pp. Describes 
Pacific Electric^ type BB-1 stick-operated disconnecting switches 
for voltages up to 73 kv. Pacific Electric Manufacturing Corp., 
6815 Third St., San Francisco, Cal. 

Atlwtlc City Convention HaU.—^Bulletin 1850, 12 pp. 
Describes the electrification of the new Atlantic City Convention 
HalL Westinghouse Electric & Manufacturing Company, East 
Pittsbrugh, Pa. • 

HydrauUc Turbines.—Bufietin 1644, 76 pp. Describes 
AUi^Chalmers large hydraulic turbines and auxiliaries for low, 
m^um and high heads. Allis-Chatmers Manufacturing Co., 
Milwaukee, Wis. 

Moisture Meter.—Bulletin 978, 4 pp.' Describes the new 
Tag-Heppenstall moisture meter, a portable device for indicat¬ 
ing the moisture content of lumber. C. J. Tagliabue Manufac¬ 
turing Co., 18 Thirty-Third St., Brooklyn, N. Y. 

Substations.—^Bulletin 26, 8 pp. Describes Pacific Electric 
stdudard, complete substations for high voltage power trans¬ 
mission systems, available for quick delivery. Pacific Electric 
Manufacturing Corp., 5815 Third St., San Francisco, Cal. 

Circuit Breakers.—Bufietin GBA-720A, 16 pp. Describes 
^E high-speed cirouit breakers, built in standard Hflaigna rang- 
ing 600 to 3000 volts and in current capacities from 625 to 
4000 amperes. General Electric Company, Schenectady, N. Y. 

Connectors.—Bulletin 38-CC, 8 pp. Describes Sumpter 
compression type connwtors for wire connections. No bolts 
are used with these connectors. Delta-Star Electric Co., 2400 
Block, Fulton Street; Chicago. 

'.^ymorclad Switchgear.—Bufietin 1145, 28 pp. Describes 
AUis-Chalmers, Reyrofie armorclad, oil circuit-breaker equipment 
for power stations, substations and general industrial purposes. 
AJlis-Chalmers Manufacturing Co., Milwaukee, Wis. 

A^-Break Switch Controlsy—Bulletin 24, 8 pp. Describes 
Pacific Electric motor controls for the operation of group con¬ 
trolled air-break switches up to and inchifling 73 ky. rating. 
Pacific Electric Manufacturing Corp., 5815 Third St., San 
Francisco, Cal. 

Outdoor Switching Equipmenit.—Bufietin GBA-1123, 12 
pp. Desoribw G-E fusible cutouts and current-limiting resis¬ 
tors. Bufietin GEA-1113, 20 pp. . Describes ooimeotors and 
fittings for outdoor switching equipment. General Electric 
Company, Schenectady, N. Y. 

Amperehour Meters.—Bufietin 78, 16 pp. Describes San- 
gamo “N” amperehour meters. These instruments are 
extensively used in storage battery installations to indicate the 
state of charge of the battery and to terminate the charge autdi 
matioally when the battery is fufi. Sangamo Electric Comnanv 

^ Springfield, ni. 

' * NOTES OP THE INDUSTRY 

Increased Orders for General Electric Company._ 

According to an announcement by President Gerard Swope 
OTders received by the General Electric Company for the three 

to S119,361,248 compared 
mth 990,431,957 for the corresponding quarter for 1928, an 
moreare of- 32 per cent. For the six months ending June 

^ ^20,716,456. compared with 
9170,357,797 for the first six months of last year, an 
Of oO jier cent. 

WMtoihouse Orders.—The Westinghouse Electric 
&Man^acti^ Company has received an order from the 
oiin^town Sheet & JDube .Company for apparatus amonting to 
more ^one-half million dollars. This equipment covers the 


" 7 “ 


motors and control for use in driving a JO' and 14*'-18'' 
merchant mill to be installed in the Indiana Harbor Works of 
the company. Another contract, recently received from the 
West Leechburg Steel Company, covers the complete electric drive 
for a now 12* hot strip mill, to replace an old Belgian type mill. 

Reco^ Transformer by Ferranti, Ltd.—It is reported that 
Ferranti, Ltd., are constructing at their plant in Hofiinwood, 
Ergland, th© laagest three-phase transformer yet built. The 
specifications call for 132,00a-volt capacity and 80,000 kw. rating. 
According to the announcement, the largest transformer of this 
tyi^ in use today has a rating of 75,000 kv-a., and this was also 
built by Ferranti, Ltd. The machine now under construction is 
the fourth of a series to be built by Ferranti, Ltd. for the British 
National Electricity Scheme. 

Bufidinds by the Austin Company for the Electrical 
Industry.-The Paciflo States Electric Co., Pacific Coast 
sales orgai^tion of the General Electric Co., will establish 
a fully-equipped sales office and warehouse in a new 9125,000 
reinforced concr-ete structure at Seattle. The warehouse is 
being built by the Austin Company of Cleveland, industrial' 
architects and builders, and calls for completion in 100 working 
da3rs. The Lincoln Electric Company, Cleveland, has also 
awarded a contract to the Austin Company for the Hnaign and 
construction of an all-welded warehouse for steel storage, to 
coat 965,000, at the Lincoln plant in Cleveland, and anhatjnle d 
for completion early in September. 

The BiiU Do^ Electric Products Company, Detroit, Mich- 
hian, has announced the following policy in relation to the manu¬ 
facture of their products: 

“Effective at once, we^as leading manufacturers of products for 
eledrical distribution and control shall discontinue advertising, 
offering for sale and manufacturing all live-face electric products' 
not recognized and approved by the safety recommendaAions and 
rules as published by the Department of Commerce, U. S. 
Bureau of Standards, in accordance with the procedure of the 
Americ^ Engineering Standards Committee. In line with 
this policy, we wifi no longer manufacture the iofiowing: (1) Live 
face or open type lighting panelboards. (2) Lighting panel¬ 
boards having main fuses (not switched) or fusifile only sub- 
fee(to on the panels. (3) Feeder or distributing panelboards , 
having fuses offiy in the branches (not switched). As heretofore, 
we shall continue to devote our entire energies and resources to 
ike increased use of electricity thrffugh promotion of safety 
electrical products for the protection of life and property.” 

Endi^rf Insulation on Old Wire.-Insulation that has 
stood the test of time for thirty-six years, and that, today, 
possesses far greater insulating value than new code wire was 
brought to light recently, when the Holy Name Roman Catholic 
Cathedral m Chicago underwent alterations. This wire which 
WM installed by the Okonite Company of Passaic, New Je W, in 
1893, was given the most strenuous of physical and dielectric tests 
^d was found to have the same breakdown qualitios as new wire 
Ihe tmi^ on the copper conductor is bright in appearance and 
entirely free from corrosion. Specimens of the wire, which have 
no braids or other covering over the rubber insulation, were 
subject to a severe bending test and the insulation withstood this 
without cracking or checking.. Dieleotric strength was deter- 
^ned on %ee foot samples in water. The results obtained 
w»e equal to br^down qualities shown by new wire of this 
^ and wall thickness of insulation. Physical tests were made 
on Voim^ of toe insulation removed from the conductor 
The insulatJbn adhered so firmly to the conductor that it was 
fomd necessary to use mercury to aid in obtaining pndamaged 
^t speoim^. When it is considered that the insulatiimhas 
^en ei^sed to light and air for more than & third- of a century 
mikout ^y protective covering, the outcome of these tostsfe 
made doubly remarkable. • 
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A Message From the President. 


The Interrelationship of the Section 
and the Section Member. 

T he message appearing on this page of the August Journal may have some of its applica¬ 
tions emphasized^ The Section is that integral part of the American Institute of Electrical 
Engineers designed to carry the spirit and stimulus of the whole body to the individual mem¬ 
ber, These centers of Institute life are being so effectively distributed throughout the coimtry 
that we may expect to see such a focus accessible to almost every member of the Institute. 

What are the interrelated responsibilities and advantages of the Section and its members? 

The electrical engineer, whether a member of the Institute or not, is frequently isolated 
to a degree depending upon personal characteristics, environment, location, etc. Except in 
rare cases, inaccessibility of a Section is no longer a reason for lack of association. Iri some 
cases, more of isolation and less of inspiration may be found in our larger cities than obtains 
upon the prairies or in the mountains. A function of the Section is to reduce that isolation 
in so far as the Section member will permit. The individual cannot fully develop 
without that contact and stimulus to thought and endeavor which Section lite should, ana 
does, afford. Each per^n has his own reservoir of vital, useful thought and inspiration 
which, for lack of flow, may stagnate or evaporate, and which, allowed copiously ^ oyer- 
, flow, requires refreshment and replenishment. Is it not the responsibility of the 

Xw himself to be drawn upon by the Section, and likewise, is it not the ^espor^ibMy °f 
the Section to act as source to the member? Herein lies that interrelated ac^antage to both 
Iwcl? tKh ad^^ and application of Institute ideals.* evolves the valuable and 

effective engineer and citizen. 

Recognizing that eaSh Section must work out the detail of its own activities in accor¬ 
dance wto its own needs and the wishes of its members, there are at least four elements requi- 
S for t£ life and^tefulness of any Section.and to be applied in proportion to its particular 
Requirements. Frequent, ordinarjly monthly, meetings may involve yearly. 

a. Fiv» to ten meetings of a professional character for member contact e^ 

stimulation information and development through interchange of thought ana 
STeriSS fhS opportunity th=,StJtlon us;«Jly splits. It depends upon the 
member to make the most of this for personal development, 
b Occasional meetings, possibly annual, of a distinctly social or "entertainment char- 
acter for contact and good fellowship. 

Sf=r^t*ontfdSrS'S2=^^^^ 

• mti^nal menJbership Ls to offer of stimulation, leadership, or professional abili y. 

piishTs^arhXrtt^^^^^ 

membwship in the American Institute of Electrical Engineers. 




President 


♦See Code of Principles of Professional Conduct, Sections 16 and 20. 
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Some Leaders 

of the A. I. E« E. 

Norman Willson Storer, Manager of the Institute 
.1911-1914, one of its Vice-Presidents for 1914-1916 and 
1921-1923, and now Consulting Rail^y Engineer for 
the Westinghouse Electric & Manufacturing Company, 
East Pittsburgh, is a native of Orangeville, Trumbull 
County, Ohio. After completing work in the public 
schools and a preparatory course, he took a course at 
Ohio State University, from which he was graduated 
in 1891 with the degree of M. E. in E. E. He immedi¬ 
ately joined the Westinghouse company, spending 
the first four months in the winding room, with work 
on transformer, coils and field and armature coils for 
No. 3 single-reduction railway and special rijig t 3 T)e 
d-c. generator armatures. Another four months was 
spent making a complete set of tests on the No. 3 
railway motor and developing curves. The next three 
months were occupied in the drawing-room, followed by 
eight months in charge of new lines of a-c. generators, 
■'and synchronous and induction motors, including those 
exhibited at the World’s Fair. In May 1893 he 
started in design work as first assistant to Benjamin G. 
Lamme, developing a line of small d-c. multipolar 
generators and motors,—the standard of the company 
for 10 years or more. He was in general charge until 
1904 During this time, several complete lines of 
engine type generators as well as belted generators were 
developed and built for all classes of service. The 
ventilated armature windings and core were developed 
and applied to alf machines. In 1895 laminated poles 
were introduced in the railway motor. 

In the early dajra, the rating and application of street 
railway motors was largely a matter of guess work, there 
being no adequate method for connectingup the capacity 
of the motor with the service requirements. The only 
rating was the so-called nominal or one-hour rating, 
which served only as a rough means of comparison of 
two motors but did not give sufficient data for apply- 
iftg motors successfully. The need for a different 
method of rating was apparent and a number was 
proposed, all of which were either incorrect in principle 
or too complicated in application to be acceptable. 
Mr. Storer who, had given the subject much thought, 
outlined a method of rating or defining motor capacity, 
enabling the engineer to predict service capacity aftd 
apply a motor very accurately. The method consisted 
- of finding the root-mean-square current required by the 
motor in a given service, which could be taken from 
test or typical speed-time curves, making a continuous 
test of the motor in the shop at that current and the 
voltage which would give the average core loss in ser¬ 
vice. This resolved itself into giving a motor both a 
on^hour rating and continuous rating, the latter being 
in teriM of ^peres at 300 and 400 volts (for SOO-volt 
m^ors). The method, at once so simple, accurate and 

lai-n ^ with immediate success, and was 

later adopted by the Institute and also by the InW 
national Electrofechnical Commi^iont^ard 


Mr. Storer presented a brief paper before the Insti¬ 
tute, calling attention to the importance of inertia 
of the rotating parts of a car in calculating rates 
and po^er requirements for acceleration. He pro¬ 
posed a simple approximation which has since been 
generally used. The inertia of the armatures, wheels, 
etc., had never befgre been considered in electric rail¬ 
way practise. In 1904 he was appointed Engineer 
of the Railway Division of the Enpneering Depart¬ 
ment, of jiis company in charge of all railway de¬ 
velopment work, including railway motors, multiple . 
unit control and electric locomotives. In those 8 
years, the a-c. d-c. passenger locomotives both gear¬ 
less and geared, and the freight switcher locomotives 
for the New York, New Haven & Hartford Ry. were 
developed; also several experimental locomotives 
including that adopted for the Pennsylvania ter¬ 
minal at New York, the a-c. locomotives for St. Clair 
Tunnel, Hoosac Tunnel, and the first 1600-volt d-c. 
locomotives ever built, which were applied on the 
Piedmont & Northern Railway. With the advent of 
the commutating poles for railway motors, the use of 
field control for efficient operation, and speed control, 
which had been abandoned years before on account of 
commutator troubles, was again brought into general 
use. It was used on the New Haven locomotives in the 
d-c. zone, the Pennsylvania locomotives, subway, street 
car, and interurban railways. Since 1912, Mr. Storer’s 
work has been along general lines. He was responsible 
for the use of six motors giving and full speed, as 
well as the scheme of regenerative braking ^d other 
features on the 3000-volt d-c. Milwaukee locomotive; 
he designed the motors and control used on the 6000- 
volt experimental car which was run on the Grass Lake 
Line of the Michi^n Railways in 1915-1917. This was 
the Mghest d-c. voltage ever used in commercial railway 
service and was a complete success. 

He desired the fiash suppressor for the 3000-volt* 
generators used on the Chicago, Milwaukee & St. Paul 
Railway, making it possible to short-circuit the 
generators without causing a fiashover or serious 
sparking. He was largely responsible for the develop¬ 
ment of the single-phase motor-generator ts^ie locomo¬ 
tives used on the Detroit & Ironton Railway of the 
Ford Motor Company,-and the Cascade Tunnel Divi¬ 
sion of the ^Great Northern Railway. He has also 
taken an active part in the development of oil electric 
cars and locomotives. » 

Beside his work as Chairman of Institute Subcommit- 
t^ on Standards for several years, and his contributions 
of many papers along the lines of railway electrifica- 
tion, he has been Chairman of Advisors on Traction 
Motora for the U. S. National Committee of the I. E. C. 

• Institute in 1895 and became a Fellow 

mT.913.*^ Beside other technical societies, he is a mem- 
ber of i^erican Society of Mechanical Engineers, 
the Engineers Society of Western P^nsylvania, 
RttsWgh Railway Club, and 6f thS Engineers Club of 
New York, and of the University Club in Pittsburgh. 





Flames from Electric Arcs 

BY J. SLEPIAN' 

Fellow, A, I. £. E. 
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Synopsis* Ths oriyiti of fio/mcs fTom otcs is considorsd* Thsiv fiusfico of tempovotuvo is brought out, CotupuUilions oro givou ond 
low dielectric strength is attributed to ionisation, and their rate of experiments described which show hon flames can be reduced by 
recovery of normal dielectric strength, is computed. The large in- passing the are gases .through narrow channels. 




Flames pbom.Electric Arcs 
T is well known that heavy current arcs in air such 
as occur in swttches of usual construction give off 
large volumes of luminous gases or flames. These 
flames have a large volume in comparison to the arc 
itself which forms a core of comparatively small section, 
and it is quite certain that th5y have a much lower 
temperature and much lower electrical conductivity 
than the arc core itself.* Nevertheless these flames 
constitute one of the most troublesome features of 
switching in air in circuits of moje than a few hundred 
volts, because they have a very small dielectric strength 
and will cause breakdown if they bridge live parts. 
This low dielectric strength persists for a relatively 
long time, and because of their large volume, consider¬ 
able clear space must be provided in which these flames 
may dissipate themselves. 

I. Origin op Flames 

In general, these flames consist of gases which have 
passed through the are core itself. The temperature 
of the arc core is more than 2500 ddg. cent.® and hence 
the density of the air or gas there is one-ninth or less 
of the density of the alf originally occupying the arc 
core space. The air displaced by the formation of 
the arc core will thus make up some of the flame, and 
if the flame temperature is more than 1000 deg. cent., 
will occupy a volume more than font times the volume 
of the are cqre. This, however, will account for only 
•a small portion of the arc flame. 

The motion of the air in the neighborhood of the arc 
while it is plajdng, probably accounts for a great deal 
more of the flame. When the motion of the air is 
regular, (stream line motion) and such as does not tend 
to change the cross-sectional area of the core, the arc 
will merely move with the air, and little air will pass 
through the arc core itself. When, however, the motion 
of the air is such as to tend to increase the cross-sectional 
area of the core, and particularly when the^air motion is 
turbulent, then a considerable volume of air will pass 
through the Ac core. Such turbulent motion is to be 
expected from the magnetic reactions in a heavy cur- 

1 . Consulting Besearch Engineer, Westingliouse Eleetrio & 
Manufacturing Company, East PHtsburgh, Pa. 

2. Hagenbaeh, “Der Elektrische licbtbogen,” Leiptig, 1924, 
p.257. 

3. Ibid., p. 216. , 

Presented at the Pacific Coast Convention of the A. I. E. £., 

Santa Monica, Calif., Sept. S-6,19S9. Printed eomplde herein. 


rent arc and when an arc is moved laterally very rapidly 
as in a magnetic blowout switch. 

The gases and vapors given off by the electrodes will 
also contribute very largely to the flame. "When the 
end products of the combustion of the electrodematerials 
are gases, as in the case of carbon for example, the 
contribution of large volumes to the fl^e will be ap¬ 
parent; but also when the electrode vajrars may be ex¬ 
pected to condense to finely divided solids or liquids in 
the relatively cool flame, as in the case of copper and 
other metals, the projection of large volumes of vapor 
from the electrodes longitudinally into the arc will 
cause a turbulent motion which will bring large volumes „, 
of air through the arc core. 

Flames will also result from gases which do not pasd 
through the arc core, if the arc passes near a mat^al 
which is decomposed by heat into an easily combustible 
gas. Thus if the inner faces of the arc chute of a switch 
are lined with fiber, paper, or similar material, a g^^t 
increase in the volume of flame will result. In fuses 
of the expulsion type where the arc plays in a fiber 
tube, a large part of the flame is probably due to burn¬ 
ing decomposition products of the fiber. 

A 

II. Low Dielectric Strength op Flames due to 
Ionization 

The dielectric strength of the flames from arcs is., , 
astonishingly low. Many instances are known where 
the flames from arcs caused breakdown betwe»i parts 
having potential differences of less than one thousand 
volts, and separated by inches through the air. The 
normal breakdown between such electrodes would be 
50,000 volts or more. 

This very low dielectric strength indicates that the 
flames are in a state of considerable ionization, a con¬ 
clusion which would be reached from their luminosity 
also. If the flames were only very slightly ionized, 

Kkp ordinary air, we should expect a dielectric streagth 
approximately proportional to their density, that is 
reduced from normal only three or four fold. The 
presence of ions in large numbers causes the field 
produced by an applied potential to be considerably 
distorted, so that •the breakdown voltage is lowered 
very considerably, and made approximately indepen¬ 
dent of electrode separation. T^ is explained in the 
author’s paper. Extinction of cm A-C. Arc, (A, !• E. E. 
Quarterly Trans., Vol. 47, October 1928, p. 1898). 

The flame gases which have passed through the arc 
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core are of course intensdy ionized at the moment 
they leave the core. Recombination reduces the 
density of ionization very rapidly at first, but later the 
rate of recombination becomes much smaller so that 
ionization may persist/or some little time. 

The temp^-ature of the flame gases very shortly 
after they leave the core is far too low to account for 
any ionization on a purely thermal basis, as may be 
seen by calculating from Saha’s equation.^ The only 
otho" obvious source of ionization is chemical effects 
such as arise in combustion flames.® Where there are. 
combustible materials in the flame this ionization may 
pereist for a long time, since the rate of combustion is 
limited by the rate of diffusion of oxygen into the flame 
which is a relatively slow process. 

III. Dielectric Strength op an Ionized Gas 

In the paper. Extinction of an A-C. Arc, referred to 
above, the following formula is derived for the break¬ 
down voltage of ionized air. 

( 273 \ * 1 

FTirs) X ^ (« 

Here V is the breakdown voltage, T is the absolute 
temperature, and n is the munber of ion pairs per cm.® 
of the gas. It will be noticed that the distance between 
the el^trodes does not appear in the equation. 

•This equation, w^hich must be regarded as only very 
approximate, was derived by considering conditions 
in the layer of air immediately adjacent to the cathode. 
On the application of voltage, this layer becomes at 
.once denuded of electrons, and until breakdown oc¬ 
curs, bears practically the whole impressed voltage.® 
The thickness of this layer for a givai impressed voltage 
^ was calculated on the hypothesis that the positive ions 
* ware relatively immovably in space, and breakdown was 
assumed to occur when the maximum gradient in this 

273 

laya* reached 30,000 X j volts per cm. 

Actually, the positive ions do move, and their motion 
will cause the gradient in the cathode gas layer to be 
^nsiderably less than calculated. Also the gradient 
for breakdown at lower voltages is much greater than 

273 

30,000 X 273 + T ^'Quation (1) then 

ran only be used to give very rou^ orders of magnitude 
B can be very useful, however, in bringing out the 
strong influence of tiie temperature of the gas, and the 

value of any means for reducing tfce density of ioniza¬ 
tion of the gas. 

4. Phil. Mag., 40,1920, p. 972. 
p. 190 Gew * Scieel, Berlin, 1927, Vol. XIV, 


IV. The Decay op Ionization in a Gas 
Immediately after leaving the arc core, if the gases 
are not ^xposed to deionizing surfaces of solids, the 
density Of ionization is practically entirely determined 
by the rate of recombination of the ions. This rate of 
recombination is proportional to the density of positive 
ions and also to th§ density of negative ions, so that we 
have^ 


dt 


= a 


( 2 ) 


If a, the recombination constant, was really constant 
in time Equation (2) could be readily integrated giving 


1 _ 

n 


1 

no 


— Oit 


(3) 


no being the initial density of ionization, and if no is 

very large, as it is in the arc core itself, is negli- 

gible and Equation (3) becomes, 

1 


n =: 


a t 


(4) 


Plimpton® has found that a for ions generated by 
X-rays shows an aging effect, being considerably 
smaller for older ions than for newly formed ones. 
This residt may, however, be due to the non-uniform 
distribution of ions formed by X-rays. For air at 
normal pressure and temperature several investigators 
have found a = 1.6 X 10“® .for “aged” iops. a is 
found to be greatly affected by the temperature, in- 
cre^ng very rapidly as tiie flame cools. Meager ex¬ 
perimental data show that ol variqs inversely as the 
cube of the temp^ture. Equation (2) might then be 
bettCT written 


dn » 

-^ = a (t, T) w® 


(5) 


showing explicitly the dependence of a upon the time i 
and absolute temperature T. 

However, since it is not the purpose of this paper b 
determine actual numerical values of the dielectric 
stren^h of arc flames, but merely to get orders o 
magmtude a,nd to show the great influence of tempera 
ture, ^ sh^l work with the following assumptions: 

. We shall take the value of a for air at norma 
pressure and temperature to be 7.6 X lOr®. 

2. We shall assume that the flame gases, im 
mediately upon leaving the arc core, take on the ab 
sobte temp^ature r, and keep that value of tempera- 
ture there^ter. We shall assume that a varies in¬ 
versely as the cube of the absolute temperature. Thus 

a = 7 . 6 xl 0 -*xf — -V (s) 

_^ \T + 273/ W 
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V. The Dielectric Strength op Flames prom Arcs 
From the standpoint of the designer of switches, it is 
the dielectric strength of flames from arcs wUch is im¬ 
portant, rather than their luminosity, temperature, or 
other properti^. Where the ionization of the flames 
is almost entirely residual, or that is, where there is 
little combustible material in the flames. Equations (1), 
(4), and (6) above serve to deterfliine the dielectric 
strength of the arc flame as a fimction of the flame tem¬ 
perature T and the time t, in the resultant equation 

* 

A few numerical values will best bring out the signifi¬ 
cance of Equation (7) and particularly the great influence 
of the temperature. Consider the dielectric strength 
of the flame 0.01 sec. after it has left the core of the arc, 
during which time it may have traveled several feet. 


DIELBOTRIO STBBNGTft OP FLAMB 
_0,01 Seconds after leaving ai*c_ 


Tomperature of gas 

Density of ionization 
ion pairs/cm,* 

Dielectric strength 
volts 

2000®0 

7.6 X 10» 

460 

1600°0 

3.6 X 10* 

1,610 

IDOO^C 

1.3 X 10“ 

8,300 

500®G 

3.0 X 10^ 

08,600 

0 ®O 

1,3 X 10^ 

1,840.000 


The advantage gained by cooling the flame gases, 
which is considered desirable instinctively by switch 



designers, is iordbly brought out in the table. How¬ 
ever, the direct instantaneous effect of lowering the 
flame temperature is only slight. The great increase 
in dielectric strength follows the lowered temperature 
shortly in time as a result of’the large increase in the 
recombination rate of the ions in the coola* gas. 

VI. Recombination op Ions at Surface op Soune 
When an ionized gas is exposed to the surAce of a 
solid, ions aye lost by diffusing to the surface tod being 
caught and recombining there. Under proper circum¬ 


stances this loss of ions to surfaces of solids may far 
exceed the loss by recombination in the volume of the 
gas. 

The rate of loss of ions to a surface will be given by 



where n is the density of ions in the gas adjacent to the 
surface, y is the mean vdocity of agitation of the ions, 
and N is the munber of ions reaching the, surface per 



cm.* pm" sec.* When the velocity of agitation of the 
ions of one sign exceeds that of the ions of the other 
sign, an electric field sets itself up at the surface which 
retards the faster ion, so it is the vdocity of the slower 
ion which must be used in Equation (8). 

The curves of Fig. 1 give a comparison of the recom¬ 
bination rates of ions at a surface with the recombina¬ 
tion rates of ions in the volume of the gas for conditions 
which are of practical importance in the flames from 
switch arcs. We see that the recombination rate per 
cnr.* of surface is 100 to 1,000,000 times as great as the 
recombination rate per cm.® of the gas immediatdy 
adjoining. 

If the gas is at rest rdative to the surface, the layer 
of gas immediately adjacent to the surface becomes very 
quickly denuded of ions, and then ions which further 
reach the surface must diffuse through this layer of 
ddonized gas. The surface then loses most of its 
ddonizing efficacy. If, however, the gas is in rapid 
turbulent motion past the surface, fresh portions of the 

9. Langmuir & Mott-Smith, Oeneral Elec. Rev., XXVII, 
192^ p. 450. 
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ionized gas are constantly exposed to the surface, and extinguish the arc by means of a column of deionizing 
Its deionizing activity is maintained. metal plates. These switches show an enormous 

VII. Experiments op C. L. Dbnault on Reduction reducti<m of flame in comparison with previous typ^ of 
OP Flames prom Arcs switched 


The considerations'given above of the influence of 
temperature and the deionizing effect of sui^aces would 
lead one to expect that the flames from arcs would be 
greatly reduced in volume if the gases from the arcs 
were compelled to pass through narrow channels 
between solid walls. This is beautifully confirmed by 



Pig. 3 


63^eriments of C. L. Denault (which have not yet been 
published). 

,i;n these experiments an arc was formed by blowing 
a fuse in a soapstone chamber with an open top, 9/16 in. 
“by 2-1/8 in. and 1-9/82 in. high. Covers were th«i 
placed over the chamber which compelled the escaping 
^ flame to pass through slots of various v?idths. A 
' spark gap consisting of J^-in. diameter brass roads 



Fig. 4 


with rounded ends, separated 0.9 in., and with 2200 
volts 60 cycles impressed upon it, was used to determine 
^ the effective height of the flame, by determining what 
was the short^t distance above the vent at which the 
spark gap could be placed without breaking down. 
The breakdown voltage of the spaJk gap in normal air 
was 80,000 volts. 

The curve of Pig. 2 and the photographs in,Plgs. 8 
^d 4, show the remarkaj^le reduction in flame obtained 
by exposing the arc gases to deionizing surfaces. 

VIII. The Dbion Contactor 
Rasently contactor switches have been developed 
which use a weak blowout magnetic field and which 


In the Deion contactor by the use of the deionizing 



Fig. 5 


plato the arc length has been considerably shortened, 
which in itself would cause a reduction in the total 
volume of arc flame. The arc is in a weaker magnetic 
field, which reduces the amount of air carried turbu- 
lently through the arc core, and therefore also the volume 



Pig. 6 ^ 

of flame. Lastly, before reaping from tiie switch the 
flame, gases pass through 1/16-in. channels between the 
deionizing plates where they are effectively cooled and 
deionized. 

Pigs. 5^ and 6 show a comparison of the amount of 
^^^e emitted by a m^netic blowout contactor of the 
usual ^e, and a Deion contactor. The size of arc 
box is the same for the two switches, and the arc current 
is of the same magnitude. The absence of flame from 
the IJeion contactor is quite remarkable. 
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Electric Heating Elements 

Some Fundamentals Used in Their Design 

BY EDWIN FLEISCHMANN* 

Member, A. I, B. E. 


Synopsis.—-The paper presents the derijfpiion from elementary 
principles of equations for the design of heating elements. These 
are then connected with Stefan’s-law of radiation, and cdso with a 


much-used rating curve which has given good results. The reason 
for the conservatism of this latter curve is shown, and a numerical 
example worked out for both the theoretical and empirical curves. 


. Introductory 

T he classical basis upon which the theory of electric 
heating design rests, heed only be suggested. It is 
founded on several well-Jmown electrical and 
thermal laws,—^for example, those of Ohm, Wien and 
Planck, and the familiar Stefan-Boltzman equation. 
To be sure, certain data which are based solely upon 
fortuitous experiment have been useful; but the funda¬ 
mental relationships must not be ignored. It is the 
purpose of the present paper to outline briefly some 
principles in the use of electricity for heat, pointing 
out particularly those basic ones which govern its 
skilful emplo 3 maent. 

In this paper, attention is confined to metallic re¬ 
sistors for high-temperature work (up to 1860 deg. 
fahr.). It is hwe that the upper safe value of the 
operating temperature of the heating unit is approached. 
Material for Heating Elements 
Poi; temperatures up to 1850 3eg. fahr., there is 
really only one material from which a practical life can 
be obtailied. This is an alloy containing normally 
about 80 per cent nickel and 20 per cent chromium, 
with practically no iron. The susceptibility of iron to 
oxidation endangers the life of the metal at elevated 
tempaatures; so that in the best metals it is carefully 
avoided. The alloy has the property of forming upon 
*its surface a complicated metallic layer, of which tiie 
metallography is still not clearly understood. It is 
known, however', that tiiis coating effectively prevents 
further oxidation of the body of the material below 2100 
deg. fahr. (1150 deg. cent.). Thus, it assures the life of 
the element at ordinary heat-treating temperatures. 

As indicated by the curves in Fig. 1, the resistivity 
of nickel chromium is consistent^and fairly uniform. 
Ohm’s Law 

The familiar law of Ohm states that 

o E = IR (1) 

where I = the current in amperes, 

E = the impressed voltage, and 
R = the resistance in ohms. 

The power in watts is the product of E and I, or 
_ EI = PR (2) 

•Industrial Heating Engineer, The Niagara Falls ^wer €!o. 
Presented ai the Summer Convention of the A. I. E. If., Swatnp- 
seott. Mass., June £ 4 -e 8 , 1989 . Complete copies upon request. 


A variant form of Equation (2) may be obtained by 
substituting for I its value E/R from (1): 

& 

(3) 


El = 


R 


The general expression for resistance of a conductor 
at any temperature is 


R — m p —T“ 


(4) 


where 

R is the resistance in ohms, 

m is a constant for any given temperature expressing 



Fia. 1—Rbsistakob 


or Nicekit-Chbomium 

TllMPjEiRATXTBES 


AT iLBVATliD 


the ratio of the resistivity at that temperature to 
the resistivity at some imperature of ref^^ce. 
For nickel chromium, the values of m are shown 
in Fig. 1. 

p is the specific resistance, or resistivity at the tem¬ 
perature of reference. In the case of nickel 
chromium, the value of p is 625 ohms per dr. 
mil-ft., or 0.00004091 ohms per in. of length per 
sq. in. of cross-sectional area. The latter figure 
will be used hereafter, because we shall define 
L as the length in in., and 
A as the cross-sectional area in sq. in. 

If, now, this value of R be substituted in Equations 
(2) and (3), they become 

Pm p L 

EI^ / - ( 6 ) 
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El = 


E^A 
m pL 


( 8 ) 


(23a) I =Qab 


(23b) 


There is no diflSculty in applying the laws to other 
shapes. The equation already derived, ( 4 ), ( 6 ), and 
( 8 ), are p^fectly general. The geometrical simplicity 
of the rectangular and drcular cross-section recom¬ 
mends tiiem for this elementary discussion. 

The cross-sectional areas in the two cases will be: 

Roimd Rod, Flat Ribbon 


(10a) A = a6 


(10b) 


where D is the ^ameter of where a is the width of the 
the rod in in. ribbon in m., and 

b is the thickness of 
the ribbon in in. 


I 

(? = -—(24a) (24b) 

In short the wattage per sq. in. of the surface varies 
with the square of the current density, for any given 
cross-section. 

The voltage per unit length may also be of impor¬ 
tance, in its relation to the wattage per sq. in. of surface. 
This appears very easily from Equation (19). Setting 
F equal to the voltage per in. of length, and F' equal 
to the voltage per ft. of length, 

F = E/L (26) 


F' = 


12 E 


AmpPL __ PmoL 

EI = -5^::— (11a) EI = 




ab 


(11b) 


E^ab 

_ The wattage per sq. in. can be related to the physical 
dimensions of the heating unit itself. If the peripheral 
surface of the resistor be denoted by S, 

Round Rod Flat Ribbon 


G = 


G = 


Round Rod 


F^D 
A pm 

F'^D 


(28a) G = 


Flat Ribbon 
F^ab 

2m p (a + b) 
F'^ab 


(27) 


(28b) 


5 = ttDL (15a) S = 2(fl-\-b)L (ISb) 

The wattage per in. of surface will, then, be E I/S. 
For convenience, set 

G = EI/S (16) 

/Then, using this value, and, for 

Round Rod * Flat Ribbon 


dividing by (15a), 
4 P p m 


G = 




dividing by (15b), 

/It \ rt Ppm 
^ ^~2ab(a + b) 

And, in a similar manner, 

dividing (13a) by (15a), dividing (13b) by (15b), 

E^D. ^ E^ab 

Am pi? («“) = 2 ^ i>(a-|- 6 ) W 

Several simple transformations suggest themselves. 
^ , One is often interested in the current density in the 
conductor. The density 

, . Q = I/A ( 21 ) 

whence, for 

Round Rod Flat Ribbon 


576 pm (30a) — ( 30 b) 

Stbpan-Boltzman Law 

The Stefan-Boltzman equation is an h 3 q)othesis 
guessed at by Stefan' in 1879 as a result of one of 
Tyndall’s experiments, and conclusively prov§d by 
Boltzman^ mathematically in 1884, being substantiated 
by many subsequent investigations. It states that the 
total radiation from a body is proportional to the fourth 
power of its absolute temperature: , 

- R^KT^ (32) 

where 

B IS the total radiation per unit of surface in funda-» 
mental units; 

T is the absolute temperature ©n the Kelvin scale; and 
K is the constant of proportionality. 

The equation is not very useful in this fonp, since 
the total radiation is scarcely ever of much import. 
Raider, is the exchange of heat betwe^ hot and cold 
bodies, or between resigtor and charge in the furnace 
chamber of intt^t. R may, therefore, be expressed 
in watts per sq. in. of radiating surface, and 

G = K'e 


[( 


+ 459.4 ^ To -h 459.4 


1000 


1000 


)] 


(33) 


Q = 

and. 


41 

xD* 


( 22 .) 


(22b) 


wherdn 

K' is the constant of proportionality; 

« is ^e relative anissivity of the radiating material. 
For black bodies, e = 1.00; for nickel chromium, 

_!a_i^0.9; 

1. Sit^^sberichte der Kdniglichen Oesaeiaschaft der Wiasen- 
«cA<^/le« Wien, Band LXXrX, p. 391 , 1879 . 

2. Anmlen der Phyaik, Band XXII, pp. 31 and 291, 1884 
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Ti is the temperature of the reastor in deg. fahr.; and 
To is the temperature of the furnace chamber in deg. 
fahr. 

Frequently, however, the full effect of the^radiating 
periphery is not obtained. Proximity of walls or 
charge, or adjacent strands of the element exercise a 
blanketing effect, which reduces the liberation of heat 
at any given temperature.^ Where the efiSdency of 
radiation is less than 100 pot cent under such conditions 
as those described by Keene and Luke, Fig. 2 defines 
the limiting allo^^ble conditions for desi^ of nickel 
chromium units. It is based upon a maximum allow¬ 
able elanent t^perature of 2100 deg. fahr. To insure 
long life of the heaters, tKeir rating must fall bdow the 
curve which represents the condition of size, spacing, 
and radiating efficiency (C) under condderation. 

Combinations op the Two Laws 
It is at once evidait that in designing resistors, both 
of the laws must be heeded; jand some very useful 
relationships can be adduced, by substituting the values 
of G in Equation (34). For this purpose, set Ti - 
2100 deg. fahr., and write 



Empirical Relationships 
The straight line, 

^ 2100-To 

® “ 30 


IIHIKSSiOS!!_ 

_, 

mmnnHBnBBi 

iBiiiiiBiinnni 
__IZllBBnnBBBl 

^-IBIIBBIIlIBBiinL , 

IBIIBBIIIIBBIIHBB 
IBIIBniWBBIlBifl 
l■ll■lBl■l|r 


Go = 3.169 G [ 42.85 - ( 


To -|- 459.4 \ 1 jijg 2—Thboruticai. Radiation prom Nickhd^hromidm 

1000 ' J ^ Resistor Opebatino at 2100 Deo. Pahb. 


in which G is the radiating efficiency already defined, 
as shown in Fig. 2. 

Round Rod Flat Ribbon 


D = 0.7401 

^ Go 

• (38a) 


imp Go L® 


, Ppm 

ab (a + b) = 0.5 —— 
Go 

(38b) 

ab 2m pi? Go 
a + b ~ E® 


■■■■■■■■■iQKsa 

■■■■■■■■RQliKSill 
,_■■■■■■■RstaciKsaM 

ImmmmmmmmmmmmmmmmaxKmam 

-TanHBHRBR^KeiBiiaB 

_laaaaaaaa^KiQBaaaa^ 

naaaaaaaaaaaa^iSfiiaaaBaap 

ilBBBBBBBBBBaSS%9!9BBBBBBr 
:^>i»BBBBBBBR^9ieaBBBBBBB 
L^ii^BBBBBBR^^QBBBBBBBBB 
ilj^9BBBB!^^^aBBBBBBBBBB' 
aUBBBBB^^afBBBBBBBBBBBB 
BBlPai^^aBBaBBBBBBBBBB 
lBBPZ*.£;-^”-"»5BBBBBB 


4 Go 
m p 

4*m p Go 

pi 

576 m p Go 

p'i 


ab 

2 (to 


a -f- 6 

= _ (42b) 

m p ' 


ab 

2mpGo 

*Z4 

a b 

~ pi (44b) 

izo 

9ja 

hi* 

•a b 

288 m p Go 

i" 


tt -f* 6 


The values of Go for any temperature and radiating 
effidency may be taken directly from Fig. 2. 

For any value of G, these relationships provide com¬ 
plete design data. In the case of tiie round rod, they 
may be plotted. (Fig. 8). 

10. A discussion of the relative efficiency of several arra^e- 
meats of heating units may be found in Baling of Beating mo¬ 
ments for Electric Furnaces, by A. D. Keene and <». E. Luke, 
A. I. E. E. T^bansactions, Vol. XLV, 1926, p. 476 
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DIAMCTCA or ROD HEATING ELEMENT IN INCHES (0) 

G 

Fxa. 3— ^Thbobbticaij Design Curves eob Nickel- 
Chromium Rod Heating Elements in Electric Furnaces 
Opebmting at 1850 Dbg. Fahr. 

is shown in Fig. 4 (Curve B), in its relation to curve A, 

50 per cent radiating efficiency replotted from Fig. 2. 
It is evident that the line gives an extremely conserva- 
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-tive rating, especially at moderate temperatures, even 
und^ such conditions as the double banking or close 
spacing of units. 

Substituting for G its value 

Round Rod . Flat Ribbm 


To = 2100 - 


120 R p m 


To = 2100 - 7.6 


(55a) 
E^D 
m pi? 

(57a) 


To = 2100 


To=2100-16 


To = 2100—7.6Q=p£>w ro = 2100-15 


To = 2100 - 7.6 


(59a) 

F^D 


To = 2100 • 


F'^D 
19.2 p m 

(63a) 


To=2100-16 


To=2100 - 


15 7^ p m 
a b (a *4“ 6) 

(55b) 

E^ a b 

mpl?(a+b) 
(57b) 
m p ab 

“■(a + 6) 
(59b) 
a b 

15-7-^ 

m p (a+6) 

(61b) 

F'^ab 

9.6 m p (a+5) 
(63b) 


uamm 

mtam 

■nSSi 

mmmm 
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TOTAL LOSS FROM ELEMENT IN WATTS PER 
^ WW/WE IHOt OF POMPHEIW 

PlQ. 4—CoMPAHIBON OP ThPOBETIOAI. WITH OtHUH BaDIA* 
TioN CukVjss fob Niokbl-Ohhomihm Heatinq Element 
Tempbeatubb of 2100 Dbq. Paiib. * 

Numerical Example • 

For example, assume th^ it is d^ired to design tiie 
heating elements for a 20-kw. furnace, to operate on 
220 volts, single-phase, with maximum operating tem¬ 
perature of 1850 d^. fahr. and C = 0.6. 


The designer may choose whichever of the elements 
best suits the space available in the furnace and the 
manner of mounting. The theoretical values are as 
follows: f 

Round Rod Flatfiibbon 

125.6 ft. of No. 4 wire 36.86 ft. of 1-in. X 0.008- 

in. ribbon 

51.65 ft. of %-\n. X 0.0159- 
. in. ribbon 

• 71.77 ft.<!Of X 0.032- 

in. ribbon 

Conservative practise dictates that the empirical 
values provide some factop of safety; and, although 
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DIAMETER OF ROD HEATINQ ELEMENT IN INCHES (D) 
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DIAMETER OF ROD HEATING ELEMENT IN INCHE»r(0) 

Fio. 6 —Design Cheveb fob Nickh]>Cheomitjm Bod 
Heating El^mentb in Bleoteic Fhbnacbs Opbbating at 
1860,Dbg. Pahh. (Based on Chbvb B , Pig. 4) 

they involve the use of more metal, they meaif lower 
ratinp, decreased element temperatures, greater me¬ 
chanical strength, and longer life. They are: 

Round Rod ' Flat Ribbon 

-C- -— 

246.35 ft. of No. 2 wire 107.95 ft. of 1-in. X0.0263- 

in. ribbon *' 

133.6 ft. of 5^i-in. X 0.04- 
in. ribbon. 

Conclusion 

The derivation of fundamental equations for use in 
the design of electric heating elements has shown what 
are^the physical limitations of the problem. As a 
sequel thd^to, it has been foimd tiiat one of the earliest 
rules-of-thWb gives good factors of safety at all 
electric furnace temperatures. 
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Abridgment? of 

Application of Induction Regulators 

To D^tribution Networks 

BY E. R. WOLFERT* and T. J. BROSNANi 

Non-member Associate. A. I. E. E* 

Synopsis*—This paper considers, in ^ general way, the regulators is given, and their relative merits considered, 
application of automatic induction voltage regulators to The latter part of the paper takes up various methods thai may he 
network distribution systems. • A discussion of the visual used to obtain successful operation when automatic induction 
methods of applying both single and three-phase induction regulators are operated on parallel feeders. 


A bout so per cent of ,tbe companies now having 
network systems in operation use induction regu¬ 
lators to control the voltage of the network and 
over 75 per emit of these apply separate regulators to the 
individual feeders rather than regulate the voltage on 
the bus. 

Regulator Applipation , 

•On a three-phase, three-vsdre feeder, one three-phase 
regulator, two single-phase regulators or three single¬ 
phase regulators may be employed, while on a three-phase 
four-wire feeder, either three single-phase or one three- 
phase regulator may be used. Any of these will give 
satisfactory voltage conditions at the load if the bus 
voltage of each phase and the current carried by each 
line are balanced. 

A three-phase regulator is usually connected to a 
feeder as shown in Fig. 1, and th^ action of such a 
regulator is illustrated in Fig. lA. The triangle A-B-C 
represent^ the voltage conditions existing at tiie station 
bus, while the triangle X-Y-Z shovrs the regulated 
voltage. It may be seen from this that if the three- 
phase regulators in the different feeders suppl 3 dng a 
network are not made to boost or buck the same amount 
at all times, an angular voltage dl^lacement is in¬ 
troduced' between the correspbnding voltages in the 
different feeders. With the first type of network protec¬ 
tors developed, this angular diift of voltage had the se¬ 
rious effect that it was liaBle to cause pumping; that is, 
periodic opening and closing of the network protectors.* 
The po^ibility of network protectors pumping b^use 
of this a ngular voltage displacement has been eliminated 
in tiie latest type of protector by the addition of the 
phasing relay.’ The voltage shift, however, still intro¬ 
duces some imdesirable system conditions. ^ 

The usual connections used for 2 single-phase reg¬ 
ulators on a 8-phase feeder are diovni in Fig. 2 and 

1. Both of the Westinghouse Electric & Maaufaoturing 
Company, East Pittsburgh, Pa, 

2. W, R. Bullard, Opereding Requirements of the Automatic 
Network Relay, A. I. E. E. Teams., Vol. XLV, 1926, p. 1203. 

3. J. S. Parsons, “The Network Relay,” Electrical Journal, 
December 1927. , 

Presented at the Summer Convention of the A. I. S. E^ Swdmfi- 
acoU, Mass., June H-^B, im. Complete copies up^ request. 


their opm-ation is illustrated in Fig. 2a. The phase 
angle, as well as the magnitude of the voltage in phase 
A C is changed by an unequal movement of the two 
regulatore on the other phases, as is illustrated by the 
line X Z. The angular shift may be avoided by me¬ 
chanically connecting together the two regulators on 
the same feeder. 

If the feeders supplying the network are connected 
three-phase, four-wire and three single-phase regulators 
are used on each feeder, these regulators may be applied 



A - SCRieS WINOINOS Of REGULATORS 
B - SHUNT WINDINGS Or REGULATORS 
C - POTENTIAL'TRANSFORMER 
D - CURRENT TRANSFORMERS 

Fig. 1 



Fig. U 

Fig. 1 AND 1a—Vector and Connection diagram of thrbb- 
Phasb Induction Regulator 

as shown in Fig. 3. Then, as illustrated in Kg. 3a, the 
voltages added or subtracted by the action of Ae 
relators are always in phase with thar respective line 
to neutral voltages, and therefore, there is a fixed phase 
relation between these voltages in the different feta's. • 
Fig. 4. shows the connections used when three single¬ 
phase regulators ar® used on a three-phase, three-wire 
system and Fig. 4a depicts the action of the regulators. 

A comparison of the rdative first costs of the r^- 
ulators for different feeder sizes has been worked out 
for each of the arrangements described, and the resdts 
are given in the cmves of Fig. 6. In each case the line 
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voltage of the feeder has been taken as 4000 and the 
proper regulators applied to give a regulation of 10 per 
cent buck or boost. 

The losses of each of these combinations of regulators, 
expressed in percentage, are shown in the four curves in 


The primary windings of the regulators are supplied 
through the shunt transformers,, and the secondary 
windings of the regulators are connected into the feeder 
througl/the series transformers. The question of which 
t 3 ?pe to use is essentially an economic one, and Pig. 7 
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A - SCRieS WINDINGS OF RECULATOAS 
8 - SHUNT WINDINGS OF REGULATORS 
C • POTCNTIAL TRANSFORMERS 
0 - CURRENT transformers 
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Fig. 2 


A-SERIES WINDIPCS OF REGULATORS 
B-SHUNT WINDINGS OF REGULATORS 
e-POTENTIAL TRANSFORMERS 
0> CURRENT TRANSFORMERS r 



Fig. 4 


A’AW. ArJL 

Fig. 2 and 2a—Vector and Connection Diagram op Two 
Single-Phase Induction Regulators onThrbe-Phasb Three- 
*Wire Feeder 

Fig. 6. The curve letters used in Fig. 6 refer to the 
same regulator arrangments as the corr^onding 
curves in Fig. 5. 

The use of feeder voltages of 11 kv. and 13.2 kv. has 
become rather common on a-c automatic network 



Fid. 4 AND 4 a—Vbctob and Connbotion Diagbam of Thbbb 
Sinodb-Pha8e Regtoatoes on a Thbee-Phase Thebb-Wieb 
Fbbdbe 
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sho\TO the first cost of the two types, 
is based on regulator ratings. 

Parallel Operation 

Fig. 11 clearly illustrates that a closed loop is formed 
in a network system by the feeders, the station bus, and 


A - BERKS WINDINGS OF RKULATORS 
B-SHUNT WINDINGS OF REGULATORS 
C - POTCNTIAL TRANSFORMERS 
O-CURRENT transformers 


Fig. 3 



Fig. 3a 

Connection Diagbam ofThebe- 
fSct on a Thebe-Phase Foto-Wieb 

are suppKed on such feeders, 
to ^ high-voltage regulators connected 

^4-W the 1 ^ manner, or to use standard 

.4-kv. regulators with shunt and swies transformers.^ 

ut. bKsj E. E 



the ^ondary system, and a voltage unbalance will 
tend to set up a circulating current in this loop. The 
problem of i;ggulation in brief, is to maintain satisfactorv 
vdltogetet the load, and at the same time prevent 
unstable^operation of the regulators. 

The first and most rdiable means of operating reg- 
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ulators in parallel is by mechanical interconnection. It 
is, however, frequently inconvenient or impossible to 
mechanically connect them together and in these 
circumstances it has been considered necessary to use 
some form of electrical interconnection.' Several 
schemes based on the principle of cros^compeimtion 
have been used for this purpose. Their limitation is 



PiQ. 6—Loss COMPABIBON Rbovlatoes fob 4000-Voi-t 
Fbbdbrs 


for line-drop compensation in the usual manner. For 
feeders of low impedance, the current transforms* 
ratios may be chosen so as to give a high compensator 
setting to secure sufl&cient sensitivity to circulating 
current. 

Induction regulators are now being applied to net¬ 
works in many eases, using only the standard method of 
connection. 



Pia. 10 —CiBctriT FOB Limiting CiECUiiATiNa Cubebnt and 
Inclitding Line-Drop Compensation 


that tiiey can only be successfully applied to fevers 
having an appreciable impedance since thdr sensitivity 
to circulating currents depends on the settings of the 

compensators. , , . . 

A circuit developed to secure sensitivity is shown in 
Fig. 10. The two current transformers C Ti and C Tt, 



• Feeders 

on the parallel feeders are connected in series so that 
when the feeders are carrying the correct portion of the 
load the secondary current of-the current transformers 
simply circulates between the transformers. If, how¬ 
ever, the current in the feeders is Imbalanced, twice the 
unbalanced current will flow through the compyisatojft. 
These are so connected that a voltage is induopd in the 
primary relay circuit so as to restore normal conditions. 
The transformers C Tz and C supply the current 


The two regulators shown in Fig. 11 controlling the 
voltage of the feeders to the network transformers are 
connected in the standard way. If the compensatoi^Df 
each regulator are set for one-half the loop impedance, 
the regulator auxiliaries produce no restoring effort 
when the regulators are displaced from each other an 
equal amount from the normal position. If one reg-% 
ulator is manually displaced from the normal position 

CTATIftM BUS _ 


A -rEEOER BREAKERS 
B - INDUCTION REGULATORS 

^ C - NETWORK TRANSFORMERS 

0 - NETWORK PROTECTION 
X,i. X^SBCONOART MAINS 

Fig. H—8inglb-Linb Diagbam of Simfufibd Network ^ 

System 

by X per CMit in, the boost direction, a OTculating 
current of X divided by Z will flow where Z is the loop 
impedance in percentage. The voltage whidi acts on 
the pfimary relay of the regulator displaced is the 
regulated voltage 1 + X lesi the voltage of the com¬ 
pensator, which in this case is (X divided by Z) times 
(Z divided by 2) and equals (X dmded by 2). If the 
regylator is rdeased at this point, it will return to the 
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normal position, since the primary relay voltage is 
higher than normal. However, suppose the regulator is 
held displaced and the action of regulator No. 2 ex¬ 
amined. The primary relay voltage of No. 2 regulator 
will then be one plus X divided by two and it will start 
toward the buck position. When it reaches X per cent 
from the normal position in the buck direction, the 
circulating current will then be 2 X divided by Z. The 
primary relay voltage of No. 1 r^ator is the normal 
voltage plus the boosted voltage less the product of the 
circulating curr^t and the compensator setting. The 
product of the circulating current and the compensator 
setting is equal to the boosted voltage, i. e., (2 X 
divided by Z) times (Z over 2) equals X. In other 
words, the compensation is equal to the voltage above 
normal caused by the action of regulator No. i. Since 
the voltage of the compensator and the above normal 
feeder voltage are in opposition in the primary relay 
circuit, normal voltage is applied to the primary 
relay and no action takes place. The voltage of No. 2 
primaryrelay is thenormal voltage less the voltage below 
normal plus the compensator voltage. The resultant 
^ain gives normal voltage applied to the primary relay. 

It should not be noted that if the compensators are 
set for anything less than one-half the loop impedance, a 
restoring effort will result as the compensation is less 
than the voltage above normal caused by regulator 
No."!. Thus the primary relay voltage is less tliaw 
normal and regulator No. 1 will go to full boost position. 
The opposite action takes place at regulator No. 2 and it 
will go to fioU buck position. 

, Table 1 has been prepared from calculations and 


Oompen- Load Ov 

sator volt- - 

Betting age PDR, 
Per cent Per cent No. 1 


_ TABLE I 

Ourrent 1 Power-factor I Reactance 


PDR.T PDR. PDR, PDR. PDR. 
No. 2 No. 1 No. 2 No. 1 No.2 


97 60 

99.7 60 

99.4 60 

98.5 60 


10 0 

10 0 

10 « 

10 0 


*Oompenfiator feeder No. 1 set at 9 per cent and compensator feeder No 2 
set at 13.6 per cent. 

r 

shows the load voltage and division of load current for 
different compensator settings with a concentrated 
lo^ of J.00 per cent at 80 per cent power factdr and 
with Xi of Fig. 11 equal *to zero, and varying values 
of X 2 . The table is based on a reactive drcuit neglect¬ 
ing resistance, and the power factors given are based 
on the load voltage. The location of the load chose^i in 


s making up this table represents the most severe condi- 
s tion for obtaining regulator stability. 

Tests have been made that fully verify all of the 
r results ^ven in the table. Actual operating experience 
t also shows that stable operation of single-phase reg- 
k ulators is obtained and satisfactory voltage maintained 
5 in the secondary system if care is taken in setting of the 
5 relays and compensators.* 

I The voltage causing circulating current of two 
! three-phase regulators in parallel, one of whidi has its 
J regulator voltage BY (Fig. 1 a) at slightly less than 90 
• deg. from OB and the other slightly more than 90 deg. 

from OB, will beapproximately in phase with the voltage 
■ OB. Also any change in. magnitude of the voltage 
causing circulating cmrent will change the regulated 
voltage OY, applied to the primary relay, by approx¬ 
imately the same amount. 

However, with the two regulators a few degrees apart 
hut in such a position that voltage B F is nearly in 
phase with OB, the fionditions are entirely different. 
In this case, altiiough the voltage tending to circulatie 
current may be of the same magnitude as that in the 
preceding case, it is nearly at ri^t angles to the voltage 
OB. Furthermore, a change in magnitudeof the voltage 
causing circulating current has no appreciable effect on 
the regulated voltage applied to the primary relay. 

Thus the voltage tending to set up a circulating 
current and, therefore, the circulating current itself can 
have a phase relation from practically zero to 180 deg. 
with voltage OB. Consequently, satisfactory operation 
of three-phase regulators in parallel using standard 
connections may be obtaineid only when «the loop 
impedance is comparatively high. 

The use of electrical interconnectibn becomes diffi¬ 
cult when three-phase regulators are used because of the 
varying phase relation of the voltage causing circulating 
current. Mechanical'injterconnection of the regulators 
on the different feeders, liowever, will prove entirely 
satisfactory. 

Summarizing, the type of induction regulators to be 
applied to network feeders depends largely on the net¬ 
work and feeder characteristics. The feeders and net¬ 
work forming the loop between the regulators may be 
clawed as low, moderate, and high impedance. It is 
desirable to intercoimeot mechanically both single- and 
toee-phase regulators on low-impedance loops. If 
single-phase regulators are used on low-impedance loops 
electrical interconnection as shown in Fig. 10. may be 
successfully used. On moderate impedance loops single¬ 
phase regulators may usually be successfully operated 
without any interconnection while three-phase reg- 
idators shoidd be mechanically interconnected. Either 
single-pha^ or three-phase regulators will operate 
satisfactorily on a high-impedance loop nging the 
sf^dar(^ o perating control circuit. 

6. Op^iing Experience with the Low-VoUage a-e Network in 
CincinnaM, by P. E. Pinokard, A. I. E. E. Quarterly Tbans - 
Vol. 47, July 1929. 
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Protective. Devices 

ANNUAL REPORT OF COMMITTEE ON PROTECTIVE DEVICES* 


To the Board of Directors: ^ 

The work of the Committee this year has been; first, 
the revision of present and preparation of new standards; 
second, a survey and review of research and develop¬ 
ment made during the past year ii^ the several fields 
coveredby the Committee; and third, arranging for the 


Research on lightning has been continued in the field 
and laboratory by the manufacturers, in several in¬ 
stances, in cooperation with a number of the operating 
companies. Extensive tests have been made on the 
transmission, reflection, attenuation and effect on 
terminal apparatus of surges applied on full-sized trans- 


covered by the (Jommittee; ana tmra, arranging lor tne ucjAinium -——--- - 

preparation of papers forprhsentationbeforemeetingsof mission lines. These tests^e being continued and are 
.1 _ T_ j.* hpinof pArrplatfid with the effects of natural lightning on 


the Institute. ^ # 

The work of the Committee, as organized at the 
meeting in New York in November 1928, has been 
carried out by subcommittees, each under the direction 
of its own chairman. The fields^covered and the chair¬ 
men in charge of the subcommittees are as follows: 

Lightning Arrestei*s 


Industrial Bqulpment and 
Service Protection 


Herman Halperln Conunonwealth Edison 
Company, Chicago, Til, 


R. C. Muir 


being correlated with the effects of natural lightning on 
the same or similar lines. 

Further studies of natural lightning on transmission 
lines by the cathode ray oscillograph will be continued 
during the present lightning season, so that severe 
records of great value and interest may be expected this 
year as*a result of the extensive program. Investip.- 
tions of surges, their effect on apparatus and dimunition 
by arresters has been greatly aided by continued de¬ 
velopment in portability, ease of manipulation and auto¬ 
matic timing features of cathode ray oscillographs. A 
new type which appears to have many good features has 
been developed by R. E. George of Purdue University. 

A large scale and detailed program of investigation is 
still being actively pursued by one of the large operating 
^ T • T>-. i companies on the causes of transformer failures on 4-kv. 

The Subcommittee on Communication Line Protec- ^jg^^bution circuits and their 115/230-volt secondaries 
tion which reported last year has been di^ontinued as lightning storms and on the possible methods of 

it was felt its work overlapped with that of the Techmcal number of service interruptions due* to 

nrtiYiniiiTuVa.tionLines. failures. Studies are being made of the effects 


Current Limiting Reactors N. L, Pollard 


Oil Circuit Breakers, 
Switches, and Fuses 

Belays 


A. M. Bossman 
H. P. Sleeper 


General Electric Oom> 
pany, Schenectady, N.Y. 

Public Service Production 
Company, Newark, N. J. 

Sargent &Lundy, Chicago, 
lU. 

Public Service * Electric 
Bjxd Gas Company, 
Newark, N. J. 


Committee on Communication Lines. 

• Subcommittee on Lightning Akresters 
Work Jias been continued on the A. I. E. E. Stand¬ 
ards for Lightning Arresters. Two preliminary re¬ 
ports of these standards have already been published, 
(one in 1926 and. the other in 1928), under the title 
Report on Standards for lAghining Arresters and Other 
Apparatus for Protection Against Abnormal Transient 
, Voltages, l^ecause of the vnde variation in require¬ 
ments and practises of arresters for all types of cir¬ 
cuits, in the present revision the standards may be 
limited in scope to arr^ters for power circuits and the 
title shortened to Standards for lAghining Arresters. 
As soon as it is practicable, the subcommittee hopes to 
turn its attention to standards for arresters for other 
applications and to standards for other protective 
devices, such as surge absorbbrs, choke coils, ground 
wires, fused grading shields, etc. , 

♦COMMITTEE ON PROTECTIVE DEVICES: 

E. A. Hester, ChflUrman, 

Raymond Bailey, Vlce-Ohalrmau 
V. J. Brain, Secretary 


A. C. Cummins, F. C. Hanker, 

E. W. Dillard, F. L. Hunt, 

H. W. Drake, B, G. Jamieson. 

W. S. Bdsall, J. Allen Johnson, 

L. B. Frost, S. M. Jones. 

E. E. George, R. L. Klngsland, 

James S. Hagan, M. G, Lloyd, 

H. Halperln, J. B. MacNelU, 

Presented at the Summer Convention of the A. J. Swamp- 

^acoU, Mass., June 19^9. Printed complete herm. 


R. C. Muir, 

N. L. Pollard, 

A. M. Rossman, 

A. H. Sc^mer, 

H. P. Sleeper, 

R. M. Spurck, 

E. R, Stauflacher, 

H. R. ahinux^rhayes^ 


of resistance in the arrester ground, and laboratory and 
field tests are being made on the effect,and practicability 
of lightning arrester protection on the secondary side of 
the transformers. 

In the field of high-voltage transmission, work has 
been continued on the use of fuses in connection with*, 
grading shields on insulator* strings. Recent develop¬ 
ment indicate the feasibility of using expulsion t^e 
fuses as arcing horns at the tower end of the string. 
These developments indicate a tendency to build 
lightning arrester characteristics into the insulator 
string itself and perhaps, in the future other elemente 
will be developed for connection in series with or in 
shunt with part of the insulator string to accomplish 

this end. ^ .-.mi 

There are several problems the solution of which will 

require further tests and study. Some of these are as 
follows: 

1 . Gap-Setting. The proper setting of gaps in series^ 
vdth arresters depends largely upon the type of arr^ter 
and its application. The application must take^ into 
consideration the fnaximum dynamic voltage, which is 
dependent on such factors as grounded or ungrounded 
neutsal, relaying, arcing grounds, and also whether the 
plant is steam or hydro. © 

g. Ground Resistance. With the increasing size of 
power systems, the problem of obtaining good grounds 
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has become increasingly important. In the case of large 
stations, the expense of providing adequate grounding 
facilities is low enough relative to the total station costs 
involved-^o as not to be serious from an investment 
standpoint, but in the case of small stations, tower 
footings, etc., the cos? of securing adequate ground con¬ 
nections may be high enough relative to the total in¬ 
vestment to be rather serious. 

3. Quantitative ratings with respect to impulse 
voltage of lightning arresters and apparatus to be pro¬ 
tected in or'der to give greater assurance of protection. 

All things considered the subcommittee feels that 
splendid progress has been made in the study of light¬ 
ning and in apparatus and methods of mitigating its 
interference with power transmission. It looks forward 
with confidence to accelerated progress in protection 
against lightning in the immediate future. 

Several valuable papers have been presented before 
the Institute on these and allied subjects, among which 
the following maybe mentioned: 

A Graphical Theory of Traveling Electric Waves, by 
' V. Karapetoff, A. I. E. E. Quarterly Trans., Vol.48, 
April 1929, p.508. 

Progress in Lightning Research in the Field and Ldbora- 
toryj by F. W. Peek, Jr., A. I. E. E. Quarterly Trans., 
Vol. 48, April 1929, p. 486. 

1927 Lightning Experience on lS2-Kv. Transmission 
Lmss, by Philip Spom, A. I. E. E. Quarterly Trans., 
Vol. 48, April 1929, p. 480. 

Theoretical and Field Investigations of Lightning, by 
C. L. Portescue, A. L. Atherton, and J. H. Cox, 
.A. I. E. E. Quarterly Trans., Vol. 48, April 1929, p. 449. 

Protection of Transmission Lines from Interruption 
by^ Lightning, by 1928 Subcommittee of Power Trans¬ 
mission and Distribution Committee, A. I. E. E. 
‘Quarterly Trans., Vol. 48,April 1929, p. 487. 

Rationalization of Transmission System Insutaiion 
Strength, by Philip Sporn, A. L E. E. Quarterly Trans. 
Vol. 47, Oct. 1Q28, p. 998 (Discussion p. 1009). 

Relation Between Transmission Line Insulation and 
Transformer InsuUition, by W. W. Lewis, A. I. E E 
Quarterly Trans., Vol. 47, Oct. 1928, p. 992. (Digl 
cussion 1009). ^ 

Symposium on Surge Voltage Investigation on Trans- 
mtssion Lines, A. I. E. E. Quarterly Trans., Vol 47 
Oct. 1928, pp. 1111-1154, ‘ ’ 

A New Type of Hot Cathode Oscillograph, by R 'E 
Geoi^e. Presented at the A. I. E. E. Regional Meeting! 

- Cincinnati, Mar. 20-22, 1929. ® 

^ Fused Arcing Horns and Grading Rings, bv P. B 
Stewart, A. I. E. E. Jl., May 1929, p^ 390. 

Invedtgatim of Transmission Lines with Artifidal 

Aand V. E. Goodwin, 

A. I. E. E. Jl., May 1929, p. 382 • 


aTe ^ ^ K. Pataefl! 
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Subcommittee on Industrial Equipment 
, AND Service Equipment 
Addi^n to A. I. E. E. Standards No. 16 (A. E. S. C. 
C-19) Industrial Control Apparatus has been com¬ 
pleted, and will be submitted to, the A. I. E. E. 
Standards Committee for joint action with N. E. M. A. 

These additions are considered necessary to the 
Industrial Contrd! Standards inasmuch as there is no 
standardized basis of short-time current rating or short- 
circuit interrupting rating of contactors apd conse¬ 
quently iaformatioh is not available^whereby contactors 
might be properly applied. 

A paper dealing with the^ general development and 
application of industrial control equipment and pro¬ 
tective devices is being prepared under the auspices 
of this committee. Little has been published on this 
general subject, particularly with reference to the ap¬ 
plication of contactors, and it is felt that this paper will 
be of material assistance to engineers and will stimulate 
progress along the ri|:ht lines in industrial equipment 
and service protection. 

Subcommittee on Current-Limiting Reactors 
Some thought has been given to new standards for 
cwent-limitmg reactors, but it has not been con¬ 
sidered practicable to draw any up at the present time. 

Last year’s report called attention to the progress 
being made in the field of oil-insulated reactors. This 
progress has continued, large oil-immersed reactors 
having been built during the last year for circuit volt¬ 
ages ranging from 2.3 kv. to 73 kv., and in one instance 
for as high a circuit voltage as 120 kv. Thjs type of 
reactor has increased the field of application of current 
limiting reactors, since it can be designed for higher 
voltages than the dry type and is particularly adaptable 
for outdoor service. 

In the case of the 120-^. circuit mentioned above, the 
reactors are used for sqctionalizing the* 120 -kv., 60-- 
cycle bus of a generating station having a capacity of 
375,000 kv-a. Each reactor is rated at 2800 kv-a. and 
introduces 10 per cent reactance at 75,000 kv-a. 

During the past year there has been a considerable 
mcrease in the number of dry type reactors fnstalled 
with a marked increase in the use of reactors for ground¬ 
ing the neutral at generating stations. 

Two, and possibly thf ee, papers will be published and 
presented before the Institute in the near future under 
the auspices of this committee. 

Subcommittee on Oa Circuit BreakSTrs, Switches 
AND Fuses 

The preparation of more comprehensive standards 
for fusM is now under way. It is expected that the 
preparation of these standards will be greatly fadUtated 
^ t^ts which have been conducted during the past 
by several operating companies on fuses rated at 

™.tagMVr»m2,3to66b,. A series of tete have” “ 
be^ conducted on fuses of potential transformers. ' 

Several manufacturers have increased their gen- 
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erating facilities available for testing oil circuit breakers 
and have carried out, on a large scale, srotematic 
programs of testing their standard circuit i^eakers. 
These tests have resulted in improvements in details 
and have given aji increased knowledge of the safe inter¬ 
rupting capacities of these oil circuit breakers. 

Field tests have been extended to include 220-kv. oil 
circuit breakers, and additional tests *e scheduled to be 
made this year. It is expected that the results of these 
tests will be published as soon as the tests have been 
completed and the data avsdlable for publication. 

Increased interest-has also been taken in higher speed 
oil circuit breakers for use on high-voltage transmission 
lines to improve stability of operation by the more rapid 
clearing of faults. • 

Circuit breakers of extremely high speeds have been 
developed for electric railway protection. Tripping 
speeds as high as 0.012 to 0.016 sec. for a d-c. breaker 
and 0.04 sec. for an a-c. breaker have been obtained. 

The past year has shown an’increasfed interest in 
metal-enclosed switching structures. A number of 
the manufacturers of switching equipment in this 
country are now building structures of this type. A 
33 -kv. structure has been in successful operationfor over 
a year and several others are now being built for this 
voltage. A 22-kv. structure of the oil filled tsrpe, the 
largest structure of this type to be installed in this 
country, will handle the entire output of one of the 
largest power stations in the Middle West. The first 
sectiop comprising 23 units was placed in service this 
Spring. Several hundred units of this type have also 
been installed on 2300-volt circuits. 

These structures greatly reduce the hazard to human 
life because the liVe parts are inaccessible and because 
the moving or removable parts may be interlocked to 
prevent incorrect operations. Mos^ of the structures 
have been built without disconnecting switches, the oil 
‘circuit breaker being disconnScfed from its connections 
with the bus bars and, circuits by being moved bodily 
away from its operating positions. This has permitted 
a very simple system of interlocking with the use of 
but fivq or six sturdy parts. 

The metal-enclosed design is completely fabricated 
in the shops of the manufacture, and the equipment 
is shipped in a semi-assemljled condition. These 
factors tend to promote standardization of design and 
eliminate a large amount of field work, b®th of which 
should in time be reflected in lower costs of switching 
structures. 

Papers on theory, design, and test of the Deion cmcuit 
breaker were presented at the Winter Convention of 
the Institute. This development appears to be a 
notable contribution to the circuit breaker art, as it 
eliminates the use of oil, and while at present confined 
to relatively low voltages, it is hoped thatit wiUlatCTjJe 
found possible to adopt it for use on higher Voltages. 
It is also hoped that this development stimulate 
further research wj^ch may lead to the discovery and 


application of other new principles for interrupting 
power circuits. 

Through the efforts of the members of this subcom¬ 
mittee, the following papers have been submitted for 
presentation before the Institute some time during the 
coming fall or wint^: '* 

A Method of Fuse Testing, by B. M. Jones and E. H. 
Coxe. 

Fuse Tests, by S. Murray Jones, Supplemented by 
comments on recent oil circuit breaker tests. 

Potential Transformer Fuses, by H. P. deeper and 
M. P. Riley. 

The Effectiveness of Different Types of Barrier Con- 
struction in Smteh Houses, by P. H. Adams and B. M. 
Jones. 

• Subcommittee on Relays 
The feasibility of standardizing the operating charac¬ 
teristic of relays of different manufactueres W been 
investigated. This refers to the standardization of 
characteristic relay curves, operating current v^ues 
of relay indicators, and various other characteristics of ,, 
relays which are possible of standardization. It is ap¬ 
parent that the subject is one which will require con¬ 
siderable discussion by the members of the Institute 
before a representative concensus of opinion can be 
obtained, and as sufficient data are not yet at hand, it 
will be desirable to continue the work of this group^for 
another year. 

A review of protective relay schemes in use at this 
date indicates that there have been no radical changes 
in relay practise made in the past few years. However, 
there have been some new schemes introduced and the* 
trend at the moment is a departure from the old stand¬ 
ard schemes and is worthy of note. 

The great majority of all relay installations in service* 
at this time on transmission’lines is some form of the 
so-called time differential system whereby selectivity 
between adjacent breakers is secured by the use of 
selective time settings. This involves the use of over¬ 
current and directional overcurrent rela 3 rs in the same 
manner as has been used for many years heretofore. 
This system, of course, has the disadvantage of limiting 
the number-of sectionalizing points in series by reason 
of the cumulative time settings at the source end. It 
has the further disadvantage of requiring time settings 
in “Excess of instantaneous settings. 

To enable instantaneous settings to be used with the 
resulting increase in stability to power systems and „ 
minimizing of damage at the point of fault, there has 
been a tendency .to yse increased number of installations 
of differential schemes of transmission line protection. 
The series scheme of differential protection of transmis¬ 
sion lines,—^namely, pilot wire relaying,—^has never 
found much favor in this country, Sthough one operat¬ 
ing company reports that it has used this method ex¬ 
tensively on its 12-kv. loops out of substations, and 
the scheme has been quite satisfactory. They have 
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adopted recently the use of pilot wire protection on 66- 
kv. lines and installed several hundred thousand feet of 
such pilot lyire last year. Modifications of the pilot 
wire scheme are becoming more in favor, however, as 
indicated below. The scheme of parallel differential 
protection of transmission lines, where one line is bal¬ 
anced against another, is the form most commonly 
used in this country and its use has increased considCT- 
ably in the past few years. 

At this time there is a very definite trend toward the 
use of schemes of transmission line protection which 
have not been named but might be called “independent” 
schemes. By this is meant schemes of relay protection 
wherein the protection of one section of line is entirely 
independent of that on an adjacent section. The pilot 
wire scheme falls within this category but asjndicated 
above has never been commonly used. The impedance 
relay is a scheme embodying some of the features of 
this type of protection, and its application is slowly 
increasing. It is. perhaps the simplest scheme of pro¬ 
tection that is available at the moment. One of the 
most interesting applications of this t 3 T)e of protection 
is a case where the short-circuit current under certain 
"conditions may be less than the full-load current. 
Here impedance relays are intended to be used for short- 
circuit protection, which are normally short-circuited 
out of service by fault detector relays. The latter are 
operated either by low voltage or the presence of short- 
circuit current which cuts in the impedance relays and 
■allows them to operate during fault conditions. 

A further and more elaborate scheme of this type is 
one which is now being used on a small scale and has 
possibilities for improvement and application in the 
future. This is a modification of the pilot wire scheme 
where the pilot wires are replaced by high-frequency 
oscillations on the transmission wires themselves. Two 
seh«nes are in use, one a high or radio frequency 
scheme, and the other a low or audio frequency scheme, 
both of which are fundamentally the same in operation. 
At the present time, auxiliary equipment of consider¬ 
able cost and size is required at the line terminals to 
enable this scheme to function properly, and tends to 
limit its use. However, it is probable that these 
schemes will be perfected and fundamentally they seem 
to offer the most promising solution for future protec¬ 
tion problems, particularly of the more complicated 
tsrpe. They embody all of the most desirable charac¬ 
teristics of relay protection; namely, high speed of 
operation, independent settings and no limitations as to 
numbers of stations in series. It is probable that the 
future trend of the art will be definitely in the direction 
of applications of this so-called incfependent scheme of 
relaying. 

There is a growing tendency toward recognition of the 
imporfence of bus ‘protection in high-tension stations. 
Heretofore, the protection of busses in such stations 
was considered unnecessary, but the increasing capaci¬ 
ties involved, with the resulting serioxisness of outages, 
has urged the use of this type of protection. It usilally 


partakes of the form of series differential protection. 
For this protection, and also for the protection of trans¬ 
former jl^anks and rotating machines, the use of ratio 
differen^al relays is becoming more common and super¬ 
seding the old t 3 ^e of differentially connected over¬ 
current relays. 

A scheme for securing overcurrent protection .on 
balanced lines without the use of additional relays has 
been developed. The high- and low-set directional 
relays are connected in much the usual manner, except 
that the J)alance point is made at Jthe mid-point of an 
auto current transform^’, and the overcurrent element 
of a high-set relay is connected across the entire winding 
of the auto, instead of in the balanced circuit. It is 
obvious that the high-set relay receives line current at 
all times and is connected to trip both breakers. This 
of course requires the use of a double-contact directional 
element on the low-set directional relay. 

A new scheme of protecting load ratio control units 
has been developed; using a restrained overcurrent 
relay. One winding is connected to the exciting wind¬ 
ing of the load ratio control unit. The other winding is 
connected to the line. The effect is to change the set¬ 
ting of the relay so that a percentage tripping charac¬ 
teristic is obtained. 

A scheme for detecting ground faults in apparatus 
by using a restrained current rfilay with multiple re¬ 
straining coils has been developed. These coils are 
cormeeted to the phase current transformers and the 
operating coil is energized by the residual current. 

Radio differential relays have been applied lo bus 
differential protection and their characteristic used to 
tend to eliminate incorrect operations due to secondary 
wiring troubles. 

There are also two new types -of network relays. 
One of these is designed to operate on high reverse 
current at normal voltage and is still veiy sensitive at 
short-circuit voltage, fee other is for the protection ofr 
low-voltage a-c. networks, the feeder transformers of 
which are connected in delta-on the low-voltage side 
and with the middle tap of one winding brought out to 
obtain lighting voltage. It is essentially a combination 
of three rela 3 rs: (a power directional, an ovCTcurrent 
and an overvoltage) set to trip quickly on transformer or 
feeder faults, but not being sensitive to small reversals 
ofpower. 

Several existing types of relasra have been modified 
and improved to give better operation. The ratio 
differential relay has been modified for 'application to 
the protection of three-winding transformers. The 
induction type overcurrent rday has been speeded up 
so that it will operate in approximately three cycles. 
The residual directional relay has been modified so that 
it will operate correctly over an extended power-factor 
uange. Various types of condenser devices have been 
develo^d for securing potential for relay operation with 
out theiluse of high-tension potential tonsformers. 
The most comraon of these is in connection with the 
condenser t 3 rpe high-voltage bushing, but other con- 
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denser types of devices have been developed for this will be presented sometime in the near future. Two 
same purpose. ^ other papers are also in preparation for, presentation 

A paper entitled New Directional Relay Schrmes, by before the Institute, dealing with relay acceptance 
E. E. George and R. H. Bennett is in preparation and specifications, and with relay experience. 


Education 

ANNUAL REPORT OF COMMITTEE ON EDUCATION* 


To the Board of Directors: 

The continued rapid increase in scientific knowledge 
and in the diversity and complexity of the engineering 
applications and the engineering responsibilities, com¬ 
bine to make the four-year engineering program a less 
and leas adequate preparation for effective engineering 
work. 

This situation is not peculiar to the engineering pro¬ 
fession. The medical and the legal professions have 
been confronted by a similar situation and to meet it 
they are requiring students aspiring to those professions 
to remain on the college campus for a period of 6 years, 
and after that to serve an apprenticeship of 6 months 
or a year as a law clerk or a medical interne. 

The study of engineering education conducted by 
the S. P. E. E. has disclosed the fact that very few 
teachers or engineers propose to meet the situation by 
requiring all engineering students to remain upon the 
college campus for a fifth or sixth year. Brfore in¬ 
creasing the length of the engineering course for all 
students, the engineering profession first proposes to 
try out thoroughly an alternative method. 

This alternative method is to encourage the com¬ 
paratively few graduates of the four-year engineering 
course who are possessed of the requisite interest, 
ability, and financial means, to continue in residence by 
enrolling in the Graduate Schoc4s, and to encourage the 
miajority, who will continue ter enter at once upon their 
engineering apprenticeships, to continue their educa¬ 
tional efforts in a more systematic manner and to a more 
definite end than at present. 

Of all the possible educational movements in which 
the Institute Committee on Education might engage, 
none seemed to the committee to have greater possi¬ 
bilities of advancing the standards of professional 
attainment and. proficiency than this movement to 
stimulate interest in the systematic continuation of 
engineering education after college and to make ade¬ 
quate provisidh for a program of post-college education. 

The full development and realization of the great 
possibilities of post-college education will require the 
cooperation of the engineering profession with the 
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industries and the colleges, and it seemed to the com¬ 
mittee that it could render its most effective service: 

1st, by seeking to bring the thought of the Institute 
membership to bear upon the possibilities and the 
problems of post-college education and upon the respon- 
sibilities-.of the profession relative to this period of 
training; 

2 nd, by seeking to stimulate the local Sections to 
promote this movement by setting to work to canvass 
or inventory the post-college needs and the educational 
facilities of their districts and to coordinate the two; 

3rd, by seeking to act as a center through which a 
knowledge of distinctive and effective developments in^ 
the field of post-college education may be made known 
generally. 

The views and the aims of the committee have been 
stated in a brief article entitled The Post-CoUege Educor 
tion of Engineers, which appeared in the April, 1929 
issue of the Journal. In this article it is suggested^ 
that the local sections, particularly in the industrial 
centers in which Colleges of Engineering are located, 
each appoint a Committee on Educaition. It is sug-. 
gested that the function of the section committee on 
education be to canvass the needs and the wishes of the 
engineers of the district, particularly the younger ^ 
engineers, and to make these npeds and wishes articulate 
by bringing them to the attention of the college adminis¬ 
trations, or the industrial managements, or the engi¬ 
neering authorities in the district in the fprm of explicit 
statements such as the following: We have a group of 
20 men who will enroll in a course in differential equa¬ 
tions, to meet one evening a week for a year, or 15 men 
who will airoU in a course in advanced circuit theory, 
or 30 men who will enroll in a course in engineering 
economics. What provision can be made to meet the 
needs of these men? 

A fully developed program of post-college education 
will mean a large and important expansion of the work 
of the colleges of engineering and will play an important 
part in the development of engineering teachers. 
This post-college training will compel and will reward a 
broader and more tiiorough training than is common in 
the teach in g ranks today. It will afford greater 
opportunities to determine the adequacy, the relative 
importance, and the real significance of the prindpl^ 
and the methods taught to undergraduates. It will 
TWftkft teaching attractive to a wider range of engineers 
by pjiaking it possible for men in teaching to have closer 
contact with engineering practise. 
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Al>ridgment of 

D-G. Railway Substation for the Chicago 

Terminal Electrification, Illinois Central Railroad 

BY A. M. GARRETT^ 

, AssocIdttiOt !!• 


Synopsis *—D-c. substations designediomeetthedemands of heavy 
railway terminal service are described in this paper. This d-c energy 
is furnished at 1500 volts from seven substations located in the 
Chicago district and owned and operated by the power companies. 
In addition to ISOO^volt supply for traction purposes^ 400012300- 
volts alternating current is provided for the railway company*s lights 
power^ and signal system. 

Approximately 80 per cent of conversion capacity is in synchro¬ 
nous converters and the remainder in mercury rectifiers. Reasons 
for selecting the l^ter units are given as well as some of the charao- 
ieriStic features of them. m 

To meet the rigorous requirements as to voltage and current 
demands under the agreement with the railway company, the con¬ 
version units have a rating of SOO per cent load for one minute. 

The synchronous converters are of the field-control type, and in 


order to hold the drc. voltage to definite values for any load within 
the rating of the units, and to. maintain the reactive current of the unit 
within the safe limits, there is provided, common to all the converters 
in a substation, a counter e. m. f. regulating set, a four-circuit 
rheostat, ar!d a voltage regulator. High-spersd air breakers are used 
on the d-c. side of the units and all 1500-velt feeders. 

Another feature of interest is the use of truck-mounted enclosed 
switch units on both the high- and tbvytension sides of the substation. 
This type loas selected in order iolBliminate certain operating hazards 
which exist with fixed type Sjyitching arrangements, and to provide the 
customary factors of accessibility and maintenance. 

In operating experience, the substation equipment has met all 
expectations, the performance of the synchronous converters and 
high-speed breakers being exceptional, while confidence in the 
mercury rectifier not lessened. 


Introduction 

HE purpose of this paper is to describe that group 
of electrical equipment which comprises the sub¬ 
station, presenting the characteristics of this instal¬ 
lation as a type representative of a d-c. application in 
modern railway practise. 

oTJhese d-c. substations, owned and operated by the 
power companies, the Commonwealth Edison Company, 
find the Public Service Company of Northern Illinois, 
receive the 60-cycle energy for conversion to direct 
^current from the 12-kv. transmission system of the 
Commonwealth Edison Company and the 33-kv. trans¬ 
mission system of the Public Service Company. 

To meet the exacting demands of heavy railway 
* terminal service, the selection of the various electrical 
units and the arrangement of them in the substation 
layout followed along tried and proven lines. Yet 
consideration '^yas also given to some equipment which, 
lacking at the time experience in the American field, 
gave promise of satisfactory adaptation to American 
practise through experience gained with the equipment 
in foreign use. 

The studies, trial investigations, and test set-ups, 
made jointly by the engineering staffs of the railway 
company, the manufacturers, and the power companies, 
gave a satisfactory solution of the various problSns 
imposed by the standards of service, and these, coupled 
with the thought and experience of the power com¬ 
panies in furnishing conversion service for so many 
years to the traction systems of Chicago, were inde- 
^ensable considerations in the design of the substation, 
including not only the major converting and switching 
units, but the elements of connection as well. * 


Conversion Units 

To furnish converted energy under the current and 
voltage stipulation necessary to maintain the high rate 
of acceleration and high schedule speed demanded by 
the suburban service on this electrified terminal, 
and to approximate these same duties under extra or 
congested traffic conditions were the principal require¬ 
ments that had to be imposed on the conversion units. 

Over 80 per cent of the total conversion capacity is 
developed from 11 units of the rotating typ6 syn¬ 
chronous converters, while the remainder ^is devel¬ 
oped from four units of the stationary type, namely, the 
mercury converter or rectifier. 

The decision to use rectifiers can bq assigned to several 
reasons, principal among them being that this new type 
had the natural advantage which a unit with no moving 
parts has over one with rotating parts and wearable andc. 
friction sijfrfaces, and" that it gave every indication 
through future development and application of meeting 
the demands placed upon it<' by American practise. 
Other reasons included the generally known advantages 
of the rectifier—high-efficiency with fluctuatiifg loads, 
absence of noise and vibration, low maintenance ex¬ 
pense, and elimination of extensive ventilation facilities 
sometimes required with the synchronous converter. 
Also, in thi^ instance a considerable amount of reserve 
capacity permitted the installation of a representative 
number of rectifiers. 

Synchronous Converters 

The synchronous converters, which are of General 
Electric manufacture, ace furnished in 3000-kw. sizes 
with a d-c. voltage of 1500. Each outfit consists of 
two 1500-kw. 760-volt units operating in-series. Each 
converter s,et is provided with a 3150-kv-a. air-bl,ast 
tfknsfoJmer, arranged, as stated before, in a compact 
group bSr mounting the transfofmer on the bedplates 
of the a-c. side of the two machines. 


1. Engineer of Substations, Commonwealtli Edison Com¬ 
pany, Chicago Illinois. 

Presented at the Summer Convention of the A. I. B. B., Swamp- 
scott, Alass., June 24'’38, 1929. Complete copies upon request. 
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To meet the stiff voltage regulation required under the 
agreement with the railway company, whiclA permits 
a voltage variation within the narrow limits oifll400 to 
1550 d»c. volts, together with the high drafts of current 
drawn by the sjvstem during the maximum rush hour, 
the converters are designed with a rating of 50 per cent 
overload for two hours, and 300 per cent load for one 

• minute. They are shunt-wound an5 of the field-con¬ 
trolled type whereby the control of the d-c. voltage 
is obtained by changing the excitation of the unit 

• and providing regfllation by means of the* reactive 
current drawn from the line or converter. Because of 
the reactive current involved, several limits as to 
rating were established so ’that overloading by the 
reactive current or the load currdht, or by both, would 
not exist. As previously stated the useful load output 
varies from 50 per cent overload for two hours to 300 
per cent load for one minute, the corresponding rating 
for the reactive current output vmes from 60 per cent 
reactive current at no-load to 30 per cent for the 50 per 
cent overload, and 50 per cent reactive for the 300 per 
cent load of one-minute duration. 

To keep the reactive kv-a. within the prescribed 
limits,' and hold the d-c. voltage to definite values for 
any load within the rating of the unit, there are pro¬ 
vided, common to all the converters in each substation, 
a coxmter e. m. f. regulating set, a four circuit rheostat, 
and a voltage regulator. 

In order to maintain normal voltage conditions on the 
low-tension secondary connections to the rotary at 
timw when there may be Ipw primary or system voltage, 
or to increase the amount of the secondary voltage dur¬ 
ing periods of hi^h load, the ratio of transformation 
between the high and the low side of the transformer 
may be changed in the ratio of 5 per cent by means of a 
tapped primary winding that is poimected to two oil 
breakers, one* of which provides a normal or 100 per 
cent voltage on the secondary aide and the other con¬ 
nection 105 per cent voltage. * 

These/Switch position^^e known as the high and the 
low delta. In addition to this, the transformer is 
provided with a no-load tap changer on the primary 
side. Excitation to the convo'ter fields is furnished 
through a direct-connected exciter operating on the 
shaft of the low-voltage converter. The exciter provides 
energy to the shunt fields of both machines at a fixed 
pressure, and each exciter and the shimt fields of the 
converters are^ connected in series to an excitation bus 
common to all the converter sets in the substation. Also 
to this bus is coimected the d-c. motor of the counter 
e. m. f. regulating set. This places the motor of the 
regulating set in series witii each exciter and the shunt 
field of each converter, and by varying the voltage of the 
motor, the voltage applied to the converter field is 
likewise changed or controlled. A field rheostat (jpmmofl 
to both shunt fields is provided and is use^ chiefly 
djiring starting periods or when the regulatifig set is 
taken off and the converters are controlled by hand. 


The function of the motor-operated four-drcuit 
rheostat and the Tirrill regulator on the d-c. side is to 
control the operation of the converts* and its regulating 
equipment under both normal and abnormal voltage 
conditions on the a-c. supply system in conjunction 
with the load and voltage conditions on the d-c. side of 
the unit; and to hold the performance of the unit within 
the prescribed reactive kv-a. limits over the full range 
of capacity. 

Each converter is coimected to the 15QjO-volt d-c. 
bus through 3000-ampere high-speed circuit breakers 
of the bucking bar type, located in both the positive and 
negative leads. The positive breaker, which is located 
in a metal enclosure on the operating floor, is arranged 
to trip in case of a reverse current arising either from 
faults wflhin the unit or on the transmission system. 
The negative breaker, which is the more active of the 
two breakers, takes care of overloads or short circuits 
in the forward direction; that is, those ovorloads or 
disturbances occurring on the 1500-volt bus or feeder 
system. 

Mercury Rectipibrs 

Pour of the substations contain mercury rectifiers of 
the iron tank tsqie. Three of these units operate in 



12,000-Voi.t Enclosed Switch Unit 


parallel with the shunt converters described above. 
Two of the units are of 3000-kw. size, each consisting of * 
two 1000-ampere, 1500-volt rectifies operated as a 
single unit. These* sets, which are of Brown Boveri 
manufacture, have separate transformers and under¬ 
load tap changers, but are connected to a common oil- 
breakw. The water-cooled rectifi^ tank is coimected 
to the double six-phase windings of the transformers. 
This arrangement provides for 12 anodes which are 
equipped with air-cooled radiators. The water con¬ 
sumption at rated load is approximately one-third g^lon 
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for 100 amperes of load per minute. The units are de¬ 
signed to carry 50 per cent overload for 20 min. and 
300 per cent load momentarily. Each bowl or rectifier 
is provided with an ejector or mercury vapor pump and 
a single-stage rotary oil pump, both for the evacuation 
of gases from the interior of the rectifier. The mer- 
ciuy vapor pump, a stationary device, which operates 
on the injector principle, is actuated by an electric 
heater located in the base of the pump. 

The vacuum, or, conversely, the pressure of gases 
within the unit, is measured by balancing the gases 
against a colmnn of mercury loiown as the McLeod' 
gage. A means of more quicMy indentifying conditions 
within the bowl is obtained by the direct-reading 
vacuum meter. This device consists essentially of a 
hot wire gage operating on the Wheatstone bridge 
principle, arranged so that two of the arms of the bridge 
are subject to the gas pressure within the rectifier while 
the other two are exposed to the pressure of the 
atmosphere. 

All seals within the unit are made with mercury, 



ISOO-'VoLT Switchboard (Truck and Panbl Ttpb) 16th 
Stbdbt 

asbestos, or by rubber gaskets. The unit is connected 
to the 1600-volt buses through a high-speed breaker 
placed in the positive lead of each cylinder, 

The am-breakers are interlocked with the oil-breakers 
so that in case the oil-breaker opens from overload or 
^ort circuit, the air-breaker opens also. The rectifier 
is provided with relay equipment designed to take jthe 
umt off the service if excesave temperatures are present 
within the rectifim- cylinder. 

^ The rectifier witih the transform«‘s, which are of the 
ml-filled and sdf-cooled type, take the ordinary floor 
wmstruction custranarily found in.station and substa¬ 
tion structures. However, no conservation of space is 
foairf with the rectifier, the floor area occupied by the 
rectifier being equgl to that of the s3mchronous con- 
Absolutely no n8ise of opwation is associated 
^th the leetifier proper. Some noise will be found 
^ the rot^ pump, but none that cannot be reduced 
w any desirable degree. 


The 1600-kw. rectifiers are of General Electric 
manufa^e, two 500-ampere cylinders operating in 
parallelffrom a single transformer and oil breaker. 

cylinder consists of six anodes of graphite composi¬ 
tion and are provided with wire-wound heaters to keep 
the anode insulators at proper temperature during peri¬ 
ods of external low temperature and low loads that 
mercury will ndt condense on them. The water- 
cooled chamber is supplied with heaters for the same 
purpose. To reduce possibility of high transient volt¬ 
ages appearing on the rectifier, condensers in the form 
of power capacitors are connected to one set of tliree 
anodes and across the int^hase transformer. That 
the load will divide equally between the bowls, anode 
reactors are provided: These rectifiers have practically 
the same other protective features as the 3000-kvir. 
units, except that following the same design provided 
for the General Electric converter, high-speed break¬ 
ers of the bucking bar type are placed in the posi¬ 
tive as well as the nefeative lead of the rectifiei’. These 
units have a rating of 50 per cent overload for 20 min. 
and 300 per cent load momentarily. The inherent 
regulation of the rectifier is approximately 5 per cent. 

S'vmcHiNG Facilities 

Another feature of interest in these substations, 
especially those which are supplied from the 12-kv. 
system, is the design and arrangement of switching 
equipmfflit on each side of the conversion units. Funda¬ 
mentally tills confists in having the breakers and dis¬ 
connecting devices truck mounted and enclosed in 
metal housing. 

The use of the enclosed switch unit is not a new idea, 
having been on the market in various forms for some 
considerable time; but its applicatidn to both high- and 
low-tension switdiing in the same substation is some¬ 
what unusual. The point of principal interest in these 
installations, however,, is the application of the switch 
unit to certain ideas gained from the operating and 
engineering experience with "other switching arrange- 
maits. By means of interlocks, it prevents that kind of 
operating hazard which seems to be alwasrs with us in 
the old style of fixed bus and switch structure; namely, 
that of pulling disconnective switches while under load. 
The switch unit mak^s readily accessible for mainte¬ 
nance, repairs, and inspection all, of the wearable, 
adjustable parts. Not only is the factor of safety 
improved but, because of the accesdbility, better 
maintenance and repair work is done^aad therefore 
better performancce is obtained. 

Certain operating practises, entirely practical with 
600-volt switching equipment, are not acceptable when 
the pressure has been increased to 1500 volts or above. 
Correction by isolation, through elevation may not 
ajjvays^be desirable, or lack of clearance may render 
the airajigement impractical; therefore the use of the 
switch unit with the added advantage of-accessibility 
is in many cases an entirdy satisfactory solution. The 
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advantages accruing to the truck-mounted breaker are 
considerably lessened when it is necessary to unbolt 
and, in many cases, untape, the breaker connec^^on from 
the fixed conductors within the structure. Tlie use of 
the automatic disconnecting devices for both the 
current-carndng’circuits and the control circuits does 
away with the unwieldy and, in many instances, 
dangerous method of manual disoonnection. The 
principle of pressure-contact disconnects can be used in 
many truck designs so that danger and bother from 
overheated disconn^t switches is appreciably^reduced. 

By the enclosure of. the individual switches in separate 
metal compartments, the tendency of the arc to spread 
in case of breakdown is Neatly reduced over those 
cases which have occurred in the open,' fiixed type of 
structures. Confining the arc to one or two immediate 
compartments is quite different from the trouble 
experienced in the old design where the entire structure 
and sometimes the room becomes, involved from one 
breakdown. 

The incoming transmission lines, bus-tie connections, 
and connections to tiie individual conversion and trans¬ 
forming units within the substation are connected to 
the 12,000-volt busses through three-phase, 15,000-volt, 
600-ampere, tsqie 0. E. 6, oil-breaker. The breaker, 
automatic discoimecting devices and hand-throw dis¬ 
connecting devices are carried in a panel-mounted truck, 
the panel serving the double purpose of closing the cell 
compartment and providing ihe switchboard facility for 
all instruments, relays, control switches, and interlocks. 
The principal features of this t 3 T)e of iron-dad switch 
gear are that nothing electrical is accessible until the 
breaker is in the open position, and that when the truck 
is withdrawn, live parts are shuttered off or set back in 
protecting recesses.. In addition to these features, the 
switch unit is provided with manuajjy operated knife 
discoimecting, devices which pdhnit all grounding 
operations to be made through the oil breaker, a practise 
which has been in force in the substations of j;he power 
company for many years^. The grounding of any line, 
bus, or unit directly tiuough cable, clamp, and knife- 
switch devices means that when the last connection of 
the drcifit is made to a ground source, the operator 
must be in the immediate proximity of a fault-to- 
groimd should an operating error occur. The simple 
method of making any set of'disconnecting devices 
used in conjimction with a breaker, double throw, with 
one side connected to a ground bus, permits the operator 
to be at a safe ilistance when the last link in the ground 
connection is made (the closing of the oil switch) and 
also provides rday protection should an error exist and 
live circuits be grounded. 

This equipment is arranged so that an oil-breaker can 
be partially drawn out of the cdl for infection of the 
parts, at the same time leaving the control intact fo% 
operation of the breaker, but cutting off contad; with 
all live high-tmision connections. This gsoup of 
bickers and housings is properly insulated for later 
installation of a fault bus system should one be found 


necessary. The high-speed air-breaker connected to the 
positive lead of the conversion units, as wdl as all the 
breakers on the feeders, are truck-mounted ahd enclosed 
in metal compartments similar to the switching facilities 
for the 12,000-volt equipment. The 1600-volt bus is 
also enclosed in same metal housings. The principle and 
characteristics of this breaker and its application to the 
1600-volt distribution system of the railway terminal 
have been presented to the Institute by Messrs. Monroe 
and Allen.* 

One bay of each substation contains the transformers, 
regulating, and switching equipment for the a-c. supply 
to the railway company light, power, and signal systems. 
Energy is taken off the 12-kv. bus and stepped down to 
4000 volts for the three-phase four-wire railway light and 
power system and the 2300-volt for the single-phase 
signal system. 

Operating Experience 

Without exception the synchronojjis converter has 
shown a remarkable performance not only in the 
matter of regulation but under short-circuit conditions , 
in which the number of flashed commutators has been 
practically negligible. Successful parallel operation* 
with tiie mercury rectifier has been proved at ^1 ranges 
of load. 

Taki n g the group of ihercury rectifiers as a whole, it 
cannot be said that our confidence in them has les¬ 
sened. On the contrary, the operating experidnce 
shows that a great number of them could have been, 
installed. For this class of service, it has been demon¬ 
strated clearly that the use of one rqptifier in a sub¬ 
station, operating as a base load unit with the converters • 
reserved for the peak loads, results in a most satisfac¬ 
tory combination. In some instances a certain amoimt 
of trouble on the rectifiers can be charged to an overload , 
condition, as the earlier type lacked capacity comparable 
with that of the synchronous converter operating in the 
same substation. 

In general, the rectifier under nonnal-operation has 
shown gratifying results and with recent improvements 
made upon the unit and its auxiliaries, a reliability 
practically equ^ to that of the synchronous converter 
has been indicated. 

The pCTfonnance of the high-speed breaker has been 
exceptional, especially in preventing the spread or 
reflf ction of short drcuits back into the substation. 

In agreement witibi the opinion given of the operating 
experience of the entire terminal, as expressed in a 
previous paper, tiiat “From every point of view the ' 
equipment has met all expectations and the complete 
operation has apparently been successful,” the opera¬ 
ting ex]|>erience of the substation equipment has in¬ 
dicated a siinilar result. Troubles have occurred as 
they naturally do on 63 ^tms of this,magnitude, but in 
no instance has an 3 itMng ha;^pened ^at seemed im- 
posdble of solution ahd in most cases,* immediate rem¬ 
edies have been found. 

2. *A. I. B. B. Quarterly Tbans., Vol. 47, Oct. 1928, p. 1307. 
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Radio Interferenbe from Line Insulators 

BY ELLIS VAN ATTA> and E. L. WHITE* 

'Non-member f Associate, A. I. E. B. 

I 

Synopsis^—This paper presents a discussion of the causes of present methods of eliminating this kind of disturbance are 
radio interference from in^aiors on high-voltage equipment. The explained, and the question of future design is^ discussed. 


Introduction 

R adio broadcasting has brought with it the prob¬ 
lem of radio interference. The radio listener is, 
of course, the one most affected by interference; 
but the broadcasting companies, the manufacturers of 
* electrical apparatus, and the producers of electrical 
energy are likewise concerned since the solution of the 
problem devdlves upon them. During the past few 
years each of these interests has done much to Eliminate 
unnecessary interference; and every kind of equipment 
used in the supply and consumption of electrical energy 
has been tried an^ tested for interfering qualities. 

Their experience has-shown that radio interfCTence 
may be classified under five headings, with respect to 
its origin. These sources are as follows: 

♦ 1. Consumers’ equipment. 

2 . Low-voltage supply circuits and apparatus (110- 
550 volts). 

3. Intermediate-voltage circuits and equipment 
(1100-7500 volts). 

*4. High-voltage equipment (11,000-220,000 volts). 
» 6. Atmospheric disturbances. 

Ways have been devised for eliminating practically 
all radio interfetcence which originates bn any of the 
• first three classes of equipment. The last item is 
obviously beyond human control. The fourth dassi- 
ficatioh includes numerous items of equipment which can 
, , be made free from radio interference, and a few other 
items for which no remedy has been devised as yet. 
The scope of this paper is limited to the latter group, 
particularly line insulators of the pin and suspension 
types. 

GEa®RAL 

The principles underlsdng radio interference are 
similar to those of spark telegraphy and carrier current 
telephony. In brief, a ^ark occurring on electrical 
equipment of any kind sets up a wave train which 
produces damped oscillations at a multitude of fre- 
quendes. The predominating frequences are jhe 
resonant frequences of the associated lines and equip¬ 
ment, and their harmonics, including those in the radio 
broadcasting band. 

Since the electrical constants which determine the 

1. Kadio Engineer, Pacific Powot & Ldglit Company, Walla 
Walla, Wadi. 

2. Communication Engineer, Puget Soimd Power & Light 
Company, Seattle, Wgdi. * 

Presented at the Pacific Cdhst Convention of the A. I, E. E., 
Santa Monica, Calif., Sept. S-6,19S9. Printed complete herein. 
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above frequende^are distributed, and several kinds of 
equipment may be concerned, the resonant peaks are 
usually broad and overlapping. Consequently a broad¬ 
cast receiver which has radio interference is usually 
affected over the entire broadcasting range, with 
occasional points of greater disturbance. 

The extreme sensitiven^ of modern receivers, and 
the use of a-c. supply, make them very susceptible to 
radio interference. The comparatively small amounts 
of energy involved in the electrical discharges described 
later are therefore sufficient to produce a great amount 
of disturbance in broadcast receivers, particularly 
when the discharges occur along high-voltage lines. 

The. distinction between corona and brush discharge 
should be kept in mind when radio interference from 
line insulators is considered. Corona discharge usually 
occurs at lower voltages than brush discharge, and 
appears as a bluish glow when viewed in a dark room. 
Brush discharge occurs after corona discharge, and takes 
the form of fine white streamers. This condition is 
usually considered as another form of corona discharge, 
but will be classed separately in this ease because of 
the different interfering characteristics of the t\sro dis¬ 
charges. In a broadcast reiver, corona discharge 
produces a soft, hissing soun<f which is not Ordinarily 
objectionable. Brush discharge, however, produces a 
crackling, frying noise which is very anno 3 dng. 

Pin-Type Insulators 

Corona and brush discharges may occur on high- 
voltage lines in any or all of the following v^ys: 

1. Between metallife surface. 

2. Between insulating surfaces. 

3. Between metallic surfac^ and insulating surfaces. 

To entirely free a line of radio interference, all dis¬ 
charges must be stopped. In order to accomplish this 
purpose, all hardware must be tight; adjacent pieces of 
hardware must either have sufficient separation to 
prevent discharges, or'^must be bonded together; con¬ 
ductors and tie-wires must make perfect electrical 
contact with the tops of the insulators; and the pins 
must make perfect electrical contact with the entire 
surface of the thread in the pin holes. On lines using 
pin-type insulators these requirements can be met 
with tiie exception of t^e last two. Conductors, tie- 
wires, and pins do not make good electrical contact 
witii the surfaces of the insulators, and every insulator 
is therefore^ a potential source of radio int^erence. 

•For ^he purpose of this discussion, a pin-type insu- 
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lator will be considered as the dielectric of a condenser, 
with the conductor and tie wire acting as one plate 
and the pin acting as the other. When pAtential is 
applied to the plates, a charging current, the magnitude 
of which is determined by the reactance of the con¬ 
denser and the applied voltage, will flow into the con¬ 
denser. Since the reactance of a condenser is a func¬ 
tion of its electrostatic capacity and the frequency of 
the applied voltage, it follows that tAe charing current 
is affected by the three factors, voltage, frequency, 
and capacity. 

Consider a 66-kV. pin-t 3 q)e insulator, whose electro¬ 
static capacity is approximatdy 10 m M f- A charging 
current of 0.14 milliampenes will flow into it when used 
on a line operated at a voltage of 38.1 kv. to ground and 
a frequency of 60 cycles per secdnd. K the conductor, 
tie-wire, and pin all made perfect electrical contact 
with the insulating surfaces, this charging current 
could easily flow into the insulator. Unfortunately, 
resistance is off^’ed to the flow of charging cxmrent by 
insufficient contact between the wires, pins, and insu¬ 
lating surfaces. Due to the fact that the dielectric 
strength of air is lower than that of the insulator mate¬ 
rial, the potential differences at these points of poor 
contact are sufficient to ionize the •adjacent air, with 
resultant corona and brush discharges. 

The problem of radio interference from pin-t 3 q)e 
insulators is thus reduced to the matter of overcoming 
resrstance to the flow of charging current into the 
insulator. 

Since the magnitude of the charing current into the 
insulator is determined bj the voltage and the frequency 
applied, *and by the electrostatic capacity of the insu¬ 
lator, a reduction in any of these factors will decrease 
the charging current. In practise, the voltage and 
frequency are fix&d, but the capacity can be reduced 
by overinsulating the lines. TJiis* method has been 
tried with only partial success, particularly on lines 
’ operated at 55 and 66 kv. If larger pin-type insulators 
are used, the problem of insufficient contact between 
wire, pin, and insulatorts still present. 

The best solution of the problem appears to be some 
method of insuring good contact between the con¬ 
ductors, tie-wires, and insulating surfaces. On existing 
pin-type insulators, this result can probably be secured 
by treating the insulator heada and pin-holes in some 
manner which will eliminate the poor contact between 
the wires, pins, and insulators. " 

Metallic paints have been tried, without success, 
because sudi paints form a coating of metal particles 
suspended in varnish and do not offer a good conducting 
surface. Metal disks, attached to the conductors above 
tiie insulators, have proved partially successful, due to the 
reduction in current density where the conductors and 
tie-wires contact tiie insulators. Tests have ^own that 
the same result may be accomplished by loppinj^ the tie- 
wire to form a ring several inches in diameter over Hie 
Jiead of the insulator. Tests have also showA that dis- 
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charges to the heads of insulators are materially reduced 
by the addition of several extra turns of tie-wire in the 
insulator grooves. Metal gauze, placed in the tie-wire 
groove, has proved effective in some cases’, and seems to 
be the best solution of the problem at the present time. 
Experiments are still being conducted, however, and it 
is hoped that a compound can be found which will fill 
in the air spaces between wires and insulators, will be 
unaffected by weather conditions, and will not be expen¬ 
sive to apply. 

The problem of new pin-type insulators is being 
attacked in several ways. Some manufacturers em¬ 
ploy a metal cap cemented on tiie head of a standard 
insulator. Another one uses solder-impregnated gauze 
in the tie-wire groove. Other insulators have layers of 
metal applied to the heads and the wire grooves. These 
metals'hre of various kinds and varying thicknesses. 
Most of them are too thin to be practical but all have a 
good contact surface. Still another insulator is treated 
in the wire grooves and the pin-hole with a special glaze. 
This last insulator proved to be the best of all when 
subjected to rated voltage in a comparative test. 

Obviously, the use of metal-coated heads and metal' 
caps on pin-type insulators will result in an increase in 
the electrostatic capacity of such insulators. The 
charging current will be increased and consequently the. 
current density at the surface of the pin-hole will be 
increased. Tests have shown that this point is a very 
important one. It is therefore imperative that th^ pin¬ 
hole be treated in some manner to insure good contact 
between the pin and the insulator. Metal threads, 
cemented into the insulator, are bqing used in most 
cases, while one insulator is treated with a special glaze? 
as mentioned before. 

At the beginning of this discussion it was stated that 
corona and brush discharges may occur between insu-„ 
lating surfaces such as the petticoats of pin-type insu¬ 
lators. The presfflice of such discharges is an indication 
of faulty design or too high an applied voltage. The 
remedy is obvious in either case. 

Suspension Insulators 

Suspension insulators can be classified under three 
genial types, cap-and-pin, link, and spider. The cap- 
and-pin type, as the name implies, consists of a porcelain 
disk with a cap cemented to one side, and a pin to the 
other. Two kinds of hardware are used for attaching 
adjacent units, the clevis type and the ball-and-socket 
type. The link type of insulator consists of porcelain 
disks connected together by loops of metal, so that the. 
porcelain is in compression. The spider type consists 
of extra-heavy pcjrcelain disks, with the coimecting 
hardware imbedded in both sides in the form of a spider, 
and secured by a metal alloy instead of cement. 

Until recently, suspension insulators as a group have 
been considered free from* radid interference. The 
potential impressed upon individual disks of a string, as 
they are used in practise, is comparatively low. On 
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55 -kv. lines, using three units per phase wire, the niaja- 
mum duty is about 11,000 volts. For 110-kv. lines 
using six or seven units per string, the maximum poten¬ 
tial per unit'is 14,000 volts. On 220-kv. lines, using 
fourteen units per string, the maximum voltage per unit 
is 23,000 volts without grading rings or shields, and 
about 15,000 volts with such devices., 

When individual ball-and-socket-type insulators are 
tested in a dark room corona discharge appearsatthecap 
and at the pin when potentials as low as 18,000 volts are 
applied. !^sh discharge occurs at voltages as low as 
26,000. This type of insulator, therefore, should not 
cause interference under ordinary conditions. 

Corona and binish discharges also appear on clevis- 
type insulators at the above voltages when the cotter 
key is removed from the clevis bolt. With the cotter 
key in place, and the pointed ends turned lipward, 
brush discharges occur between the points of the key 
and the innennost petticoat at potentials as low as 
11,000 volts. The cotter keys on clevis-type insulators 
which have been In service on 110-kv. lines for only 
short periods, show unmistakable evidence of brush 
discharge, not only from the pointed ends but from the 
round ends as well. Cotter keys on the units next to the 
line are affected most, but the keys on other units also 
show signs of discharge. Obviously the cotter key is at 
fault on the clevis-type of insulator, and ways of 
eliminating this source of interference will be taken up 
lafef. 

, Insulators of the link type are even more liable to 
cause interferaice than clevis-type insulators. In the 
older models, no attempt is made to obtain good con¬ 
tact between the links and the porcelain, and brush dis¬ 
charges take place at potentials as low as 2000 volts per 
unit. When weights are used to simulate line loa ding , 
,the brush-discharge potential rises to 4000 volts. 

The newer models of link-type insulators employ 
lead shims, soft copper links, etc., in order to get better 
contact between the metal and the porcdain. With¬ 
out loading, radio interference starts at 6000 volts per 
unit. Under 340-lb. tension, interference does not 
b^n until 14,000 volts are impressed. SinfA the po¬ 
tential across the line unit of a string of six link-type 
insulators used on a 110-kv. line is about 20,000 volts, 
intCTference will be present under those or gimiiar 
conditions. 

On the spider-type of insulator, corona discharge does 
not start imtil potentials of 21,000 volts are appli^ 
across individual disks. Brush discharge occurs at 
26,0(K> volte. Both discharge points are higher thn-n the 
rarresponding points for dtho* cap-and-pin or link-type 
insulators, a fact which is accounted for by the heavy 
maas of porcelain u^ in this type of insulator, and the 
iws^ce of Ehaip i>ointe or rough edges at points of hieh 
-rfectrostatic flux density. * * 

Both the spider.type and the baU-and-socket type of 
DKoIator are deagned to have certain values of me¬ 
chanical strength, flashover voltage, and leakage dis¬ 


tance, rather than high values of corona or brush dis¬ 
charge voltage. Fortunately these discharge points are 
higher tl^ the usual operating voltages, and the insu¬ 
lators are satisfactory from the point of view of radio 
interference. 

Clevis-type insulators are also satisfactory when the 
cotter key is properly designed. One manufacturer 
has designed a clevis-l^e insulator in which the cap is 
recessed to overlap the cotter key and prevent it from 
turning. One of the large power companies is replacing 
the regular cotto key with a circular key, so designed 
that the ends are concealed inside the clevis bolt when 
in place. Comparative tests show that clevis-t 5 rpe 
insulators equipped with circular cotter keys are on a par 
with ball-and-socket insulators. 

The link type of insulator is satisfactory if sufficient 
loading is applied to keep tiie porcelain and the links 
in intimate contact, and the voltage per unit does not 
exceed 14,000 volte. Much of the discussion pertaining 
to pin-type insulators is also applicable to link-type 
insulators. The probfems involved are similar and can 
probably be solved by using similar methods. 

Many lines using suspension insulators also use arcing 
horns to .protect the insulator disks during flashover and 
to prevent burning of the conductor. Grading rings, 
shields, etc., also accomplish tiiis purpose and change 
the potential distribution along the insxilator string, so 
that the maximum voltage per unit is very much re¬ 
duced. Teste show that the arcing horn is the only one 
of the above devices which ordinarily causes radio inter¬ 
ference. Brush dis^arges take place at the ends of the 
horns, which produce an intei^erence similar in sound 
to that of pin-type insulators. These discharges can be 
eliminated in the present design of arcing horn by 
adding a small metal ball to the end of the horn. The 
surface area is thus increased, and' sharp points are 
avoided. , 

Other Sources op Intorferenub 

I^-type and suspension insulators behave alike when 
subjected to moisture and. dirt. The presence of either 
of these factors will usually increase the amount of 
interference, particularly on pin-type insulators. Tests 
in tile laboratory show differences of 60 per cent or 
more in interference caused by insulators when dirty 
and the same insdators when cleaned. Moisture has a 
similar effect as shown by the curves of Fig. 1 where the 
noise levd is toee times as high for a line with insulators 
wet as it is for the same line when dry. 

Defective, cradced, and broken insulatprs of eithm- 
kind set up a disturbance which often affects radio 
receiving sets several miles away. Small projections on 
the surface of the porcelain sometimes create inter¬ 
ference, e^edally wh^ they are located in a heavy 
electrostatic field. Discharges frequently occur from 
the ends of tie-wires which are not bent dosdy enough 
to'the eofiductor. 

The r^edy in- each case is dear. Defective insula¬ 
tors murt be replaced. Dirty insulators canbe cleaned.r 
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Wet-weather conditions are sometimes minimized by 
overinsulation, and tie-wire ends should always be bent 
back as closely to the conductor as possibleii Proper 
inspection and maintenance are therefore es^ntial to 
the elimination of radio interference from high-voltage 
lines. 

Curves 

The curves in Fig. 1 are intendeduto show the effect 
of attenuation on radio interference which is being 
propagated along a transmission line, to give an idea of 



D (DISTANCe IN MILES) 

Fig. 1—Attenuation of Interference Along a 
Transmission Line 

the distances to which interference will travel before it 
is reduced to a non-interfering level, and to show the 
effect of overinsulation. The observations were made* 
on a 55-kv. line, one mffe of which is constructed with 
pin-type insulators, and the remainder, about 20 miles, 
with ball-and-sodket type suspension insulators. 

The origin of the curves is taken at the point where 
tiie two types of construction j^inrand the abscissas 
are measured from that point, along the section using 
’suspension insulators. The'oj-dinates are measured 
by means of a m i l liameter coupled to the output circuit 
of a superheterodyne reaver through a transformer. 
Although the readings of this meter have no absolute 
value, their significance becomes apparent when it is 
known that signals from a 5000-watt radio broadcasting 
station 75 miles away could not be heard with noise 
levels of ten per cent or more. , At ten per cent the sig¬ 
nals were about equal in intensity to the interfering 
noise. At five per cent the signals were stronger than 
the interference. With a zero-reading on the meter 
the interferwice was not objectionable, although it 
could still be heard along with the signals from the 
broadcasting station. 

The readings for the upper curve were taken during 
a rain-storm. The lower curve was taken about tiiirty 
miivitfls after tibe storm ceased. In the case of the 
upper curve, a slight amount of interference cpuld still 
be heard at a distance of four miles, which was attrib- 
Oited to the effect of rain on tibie suspension insulators. 


The curves of Fig. 2 are similar to those of Fig. 1. 
These curves show the attenuation of radio interference 
at right-angles to a 55-kv. line for two conditions, 
(1) with no distribution circuits to radiate the dis¬ 
turbance, and (2) with distribution circuits parallel¬ 
ing the 55-kv. line and connected to other circuits 
at right-angles to. the 56-kv. line. The latter con¬ 
dition is one which occurs frequently in cities and 
towns, but no way of overcoming it has been devised 
yet. The most effective method of minimizing this 
kind of radio interference is the elimination pf the inte- 
ference at its source. In many cases, however, the 
cheapest remedy for the situation may be the use of 
radio-frequency choke coils inserted in the distribution 
circuits where they leave the high-voltage line. 
Standard lightning-arrester choke coils have been tried, 
but wei^ not successful because their inductance is too 
low. One company is successfully preventing radio 
interference on high-tension lines from following its 
telephone circuits by inserting choke coils in the tele¬ 
phone leads at points where they leave the high-voltage 
lines. Another company is experimenting with carrier 
current choke coils, and still another one is tr 3 dng 
specially constructed choke coils of about 0.6 millir 
henry inductance-. No reports are available on these 
tests, however. 

Conclusions 

Radio interference is one of the problems which must 
be considered in future insulator designs. On pin-'t^e 



OJSrANCe PfiOM line fULES) 

Pig. 2—Attbntjation of Intbrfiiibbnob Pbefendicuiab to a 
Tbaksmission Linb 


inkilators, corona and brush discharges can be elimi¬ 
nated by proper design of the petticoats, by using 
mfetal-coated or metal-capped heads, by using metallic' 
threads in the pin-holes, and in some cases, by using a 
spedal glaze on the head and in the pin-hole., Sus¬ 
pension insulators can be improved by changing the 
design of the cotter key in the devis type, by eliminating 
disch^ges between the links and tiie porcelain in the 
link type, and by redesigning all arcing horns to elimi¬ 
nate discharges at the ends. The’ coronardischarge 
point on cap-and-pin insulators can be raised by proper 
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design of hardware, by elimination of sharp points, by 
insuring adequate clearances at the cap and the pin, and 
by making the shape of the porcelain conform more 
closely to the lines of electrostatic flux. 

Existing pin-type insulators present the most difficult 
problem of all. Copper mesh placed under the tie- 
wires has proved fairly successful in eliminating dis¬ 
charges at the head of the insulator^ but experiments 
are still being made to discover a process which can be 
easily applied, is not too expensive, and which will 


stand up under operating conditions during the life 
of the insulator. 

Radiofcterference from line insulators will always be 
a probletn, because corona and brush discharges occur 
so readily on high-voltage equipment. Much work has 
been done to minimize this type of disturbance, and 
more is contemplated. Adequate maintenance and 
good construction are essential to the solution of the 
problem, but the Veatest needs are for improved de¬ 
signs and continued experimenting. 


Motor Control for Wind Tunnel 

Preeision Speed Regulation for the Wind-Tunnel Motor 
at California Institute of Technology 

BY WILLIAM A. LEWIS^ 

Associate, A. I. £. B. 

• 

Synopsis* A wind tunnel for testing model airplanes and their speeds and holds the speed very constant at any set value. Either 
» parts requires accurate control of the air velocity. This paper hand or automatic regulation may be employed. The harul control 
describes a tunnel having electric drive for producing the air move- is used for fairly constant speed while the automatic control gives 
ment and explains a system of control^ which allows a wide range of very close regulation. 


Introduction 


fT^|IE widespread interest in aviation developed during 
J the last few years has resulted in a large increase in 
* the facilities both for teaching aeronautics and for 
carrying on fm*therinv^tigations inthisfield. Under the 
terms of a grant from the Daniel Guggenheim Pond for 
the Promotion of Aeronautics, a graduate school of aero¬ 
nautics was recently established at the CaJifomia 
Institute of Technologj'. One of the principal features 
* of the laboratory, built for the purpose of carryingonthe 
' ej^erimental work in this‘department, is a high-speed 
wind tunnel with a working section ten feet in diameter. 
The propeller which forces the air through the tunnel is 
electrically driven, and the equipment and its control 
present several interesting features, which will be 
described in this paper. 


Wind Tunnels 

Before proceeding to a discussion of the drive, 
general description of the tunnel and its use would I 
d^iiable. Wind tunnels are used for testing modi 
airfoil sections and new plane designs to determW 
performance, in the case of planes particularly wit 
J-egard to taking off and landing. The model to b 
tested IS supported in the center of the working sectioi 
usually m ^ inverted position, and when a stream < 
^ model, the relative motion of air an 
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model simulate fl 3 dng conditions. The model is sup¬ 
ported by wires attached at three points and is held in 
position by the wires and a series of counterweights. 
The supporting wbes are attached to a set of balances 
eithw directly or, as in this case, through a subfbame. 
The reactions of the model may be separated unto, two 
components, a force downstream or drag, and an up¬ 
ward force or lift. Since the model is inverted, the 
upward force with respect to the model is downward 
with respect to thejbalahces. These forces are instantly 
felt at the balances and can be computed from the 
bdance readings. The values of the forces together ^ 
with the tmperature, pressure, and velocity of the air, 
are the data for determining the p^formance of the 
model. , 

This timnel is of the closed-circuit type, the same air 
being recirculated. A longitudinal section is shown in 
Fig. 1. The tunnel occupies a height of nearly four' 
floors, ae over-all vertical dimension being about 45 ft. 
It consists of sections ot circular cylinders and cones, 
connected end-to-end to form the closed circuit shown, 
m the illustration. The four sections in the observation 
room are made of redwood staves held'‘together by 
hoojps of sted rod and angle iron on the outside. If 
d^red, one or more of the sections may be removed n-n d 
the t^el operated with qpen throat, the circuit being 
closed by the observation room itself. The remainder 
of the tunnel is made of reinforced concrete, the in- 
te®or sijriace of which was formed by the Gunnite 

intersections of the vertical 
and horizontal sections a series of deflec^g yanes 
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changes the direction of the wind with minimum loss of 
energy. The completed vane installation in the lower 
20-ft. intersection is shown in Fig. 2. The vs^es in the 
two left-hand comers are arranged so that at a future 
date, cooling water may be circulated through them to 
assist in cooling the air in the tunnel. The entire tunnel 
is supported on its own foundation free from the build¬ 
ing, to minimize transmission of vibration. 



PiQ. 1 —Longitudinal Section op the Wind Tunnel 
(V BBTiCAL Plane) 


Wind Velocity Requirements 
For preliminary work it is desirable to control the 
velocity of the wind from the observation room, but for 
accurate-testing the performance is determined entirely 
fronj the balance readinp so that “the balance operator 
must have instant and accurate control over the pro¬ 
peller speed. Because*6f the many variables involved, 
engineering accuracy requires that the variation in each, 
particularly wind speed, be kept as small as possible. 
The mflYimiim allowable variation in propeller speed 
for satisfactory operation is ± 0.2&' per cent. At the 
same time, in order to make.a complete series of tests it 
• is necessary that the air speed be adjustable over a wide 
range. -* 

To fulfill these re<$uirements the equipment de¬ 
scribed below was d&igned and installed. With it, 
any vjnd velocity past the model from a slight breeze 
produced by a propeller speed of only about 40 rev. per 
miTi. to a cyclone of approximately 200 mi. per hr. at a 
propeller speed of 850 rev. per min., can be easily 
obtained by operating a single control, located at any 
point desired. Within the range from ISO to 860 rev. 
per min. the speed control can be transferred to a 
regulator wRich will maintain the speed constant with a 
very high degree of accuracy. This range corresponds 
to air velocities of 10 to 200 mi. per hr. By adjusting 
the positions of a coarse and fine rheostat, one of which 
is located at each station, the speed held by the reg¬ 
ulator may be easily adjusted to any value in its range. 

Propeller Motor ■. ^ • 

The propeller is made with four detachable bfades 
• mounted in a central cast hub. The diameter of the 


propeller is 14 ft. 11 in. and of the tunnd at the section 
where the propeller is located approximately 15 ft., so 
that clearance betwe^ the propdler and the tunnel 
wall is very small. After consideration of all advantages 
and disadvantages, it was decided to place the motor 
inside the tunnel, supporting if on a structural steel 
frame extending out through the walls of the tunnel into 
a heavy concrete base, and to mount the propeller 
directly on the end of the motor shaft. The obstruc¬ 
tion introduced is not serious if the motor and its frame¬ 
work are not too large, since aerodynamical consider¬ 
ations require that the wind stream be contracted just 
beyond the propeller. 

To drive the propeller at the maximum speed requires -i 
an input of approximately 750 hp. However, the time ' 
for obtaining a set of readings is not great and it was 
estimated that a machine of 500 hp. continuous ca¬ 
pacity with short-time overload ratings, would be satis¬ 
factory. The standard machine of this size is equipped 
with bed-plate and pedestal bearings, and was not well 
adapted for the type of mounting required. A special 
design, with bearings mounted in end brackets supported 
directly from the motor frame, developed for submarine"* 
and other transportation purposes, solved the problem. 

In this way a motor having a completely cylindrical 
frame and an over-all diameter of only 4 ft. 8 in. was 



IfiG. 2 —One of the Lower Deflecting Vane Installations 

obtained. The motor, before installation, is shown in 
Fig. 3. The feet shown in the figure were used for <» 
transportation only, it being found that a smaller over¬ 
all diameter of nvotor and covering would result if the 
feet were eliminated, and the supporting framework 
made to fit the motor frame. Because of the errors 
which would be introduced into the speed regulation by 
vibration, the framework Vas made very heavy and 
rigid so that its natural frequency‘is far higher than 
any introduced by the propeller. A semi-cylindrical 
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steel-plate cradle fits the lower half of the motor 
frame and is bolted directly to the motor. Pour 
heavy H-section columns form the supporting legs and 
are riveted tor the cradle. In assembling, the heavily 
reinforced concrete base for the framework was first 
cast complete, with the^exception of four pockets for the 
legs. The legs were then inserted in these pockets, and 



Pio. 3 Propbllisr Motor, 500 £[p; Continvotts Rating 


the cradle riveted to the legs. Next tihe motor was 
mounted, the entire structure alined as a unit, and the 
pockets filled with concrete to unite the framework and 
base into a continuous whole. The U-shaped pockets in 
the Tear H-section legs were covered with steel plates 
and used for wiring gutters, cored ducts in the concrete 
base forming a continuation of these gutt^s to accessi- 



Eig. 4—Propbller Motor and Pilot Grnrrator Motjntbd 
IN THB TirNNStL AITO PARTLY COVRRED BY StRBAM LiNU FaIRING 

ble I’ocatioiis. The details of the structure can be seen 
in Figs. 4 and 5. . . 

Cooling the Motor 

. One serious problem, introduced by mounting the 
motor inside the tu^el, is that of securing adequate 
yentilation and cooling. Th6 entire output of the pro¬ 
peller is eventually converted into heat by friction of 
the air, and since the air is redrculated, this heat, to¬ 


gether with that due to the losses in the motor, will be 
taken up by the air and walls of the tunnel. As data for 
determin^g the heat transfer from the air to the tunnel 
walls werfe meag^ and inaccurate, it was impossible to 
predict the temperature to which the air would rise or 
the time required to reach equilibrium. If the tunnel air 
remained within reasonable temperature limits, it could 
be used for cooling^e motor, but an air temperature 
mu(A in excess of 60 deg. cent, would make a separate 
cooling systan necessary. Several estimates placed the 
averageair temperature in the tunnel at45 deg. cent. Be¬ 
cause of the expense of external coolingand'in view of the 
difficulty of carrying on work in the observation room 
when the temperature of the tunnel is excessive, it was 
felt that use of the tunnel air for motor cooling would be 
satisfactory. Part of the air from the propeller is 
deflected through the motor air passages. 

In order to keep the friction loss caused by the air 



5—End Vibw op Motor Showing- Supporting Lbgs 
U sBD^FOB Wire Gutters 

passing outside the motor at a minimum, it^ was neces¬ 
sary to enclose the motcff and its support in a stream 
line fairing, broad nosed at the propeller end and taper¬ 
ing off to a point at the tail. An opening in the nose and 
louvres in the sides allow the ventilating air to pass 
through the motor. In order to keep the pilot gen^tor, 

(a smaU generator connected to the main shaft and used 
with the speed regulator) at as constant a temperature 
as possible, it is ventilated, separately. A baffle in¬ 
serted between the two machines produces the desired 
re^t. A second set of louvres behind the baffle and a 
third set in the tail provide the necessary«cooling air 
circulation. The fairing is composed of a skeleton 
framework, Rg. 4, covered with steel .plates screwed in 
pkce. The section covoing the propeller hub revolves 
with the propeller but the remainder is stationary. 
obtain access to any part of the motor it is necessary 
merely to remove the adjacent plates. An ingenious 
ass^bly *f ths skdeton frame allojTS a large section of 
the fairing to be removed as a unit in case of major 
repairs. Views of the fairing framework with several ^ 
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of the plates mounted are shown in Figs. 4 and 5. 
After the fairing of the motor itself had teen com¬ 
pleted, the legs on each side of the shaft werJ enclosed 
in additional fairings- Views of the completed instal¬ 
lation are showp in Figs. 6 and 7. • 

Motor-Generator Set 

The propeller motor is a d-c. ^^commutating pole 
machine, since such a speed range could not be obtained 



Eici. 6 -I*iU)PKi.t.KH Kni> of Main Motou with Eaiuino 
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with constant frequency alternating current, For 
fumrahing the direct current and providing a simple 
means (jf speed variation, an individual synchronous 
, motor-generator set is provided. In order to make 
available the njaximum possible amount of direct 
current for physical experiments, the nominal d-c. 
voltage was established at 230 volts, although the actual 
voltage varies from residual o! ^e generator up to 
, about 300 Volts, depending" upon the speed of the 
propeller motor. Both the synchronous motor and the 
d-c. generator are provided with direct-connected 
exciters, separate maoKines being required because of 
the speed regulator, 

* Method op Control 

As the motor-generator set had to be located quite 
close to the propeller motor, because of the large cur¬ 
rents involved, it was placed in the sub-basement of the 
building, just outside the tunnel. The most desirable 
location for the control station being near the balances 
in the balance room, five floors above, electrical remote 
control was adopted for all equipment requiring oper¬ 
ation during normal running of the tunnel. Direct 
current was considered the, most suitable for control 
power, and continuity of service not being absolutely 
essential, a small induction motor-generator set, giving 
126 volts direct current was provided i^stea^d of 4he 
more expensive storage battery. The former tyjfe of 
^control, however, is not absolutely reliable and provi- 
*8ion had to be made for disconnecting all the main 


machines upon failure of control voltage, thus com¬ 
plicating the control circuits considerably. 

The apparatus for starting and controlling the a-c. 
end of the motor-generator set is practically standard 
automatic equipment and need not be described here. 
However, since the propeller ifiotor is neither visible 
nor audible from the point of normal operation and the 
operators are in general non-electrical men, it was 
considered worth while to design the entire installation 
for unattended operation and most of the features com¬ 
mon to automatic stations, such as lock-out relay¬ 
bearing temperature relays, reverse-phase voltage, 
current relays, etc., are provided. Also the switching . 
operations of starting are automatically controlled so 
that the field is applied and the transfec to full voltage 
is accomplished without the intervention of the operator. 

To secui'e the wide speed range necessary for the 
propeller motor, the armature voltage or Ward Leonard 
system of control is necessary. To obtain good effi¬ 
ciency and regulation with this systcnn it is necessary to 
vary the voltage of the generator which supplies the 
motor armature. Control is exercised in this case by»* 
varying the excitation of the generator either by 
changing the position of the generator field rheostat dr 
the voltage of the exciter or both. The field of the 
motor must, of course, be supplied from a separate 
constant voltage source and in this case was connected 
to the control generator because the voltages of,bpth 
direct-connected exciters for the motor-generator set 
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are subject to excessive changes. This connection dso 
resulted in the smallest installed auidliary capacity, 
since field for the’propeller motor is not required until 
all the large oil circuit breakers have been closed and 
the dosing solenoids deenergized, thus making possible 
joint use of the same control-genferator capacity. The 
main d-c. connections are shown in Fig. 8, and the 
armature and field circuits may be easily traced on the 
diagram. It will be noticed that a series of double- 
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throw switches are insCTted in the armature circuit of 
the main generator and that the two right-hand switches 
must be closed in the lower position in order to connect 
the propeller motor. Under these conditions the differ¬ 
ential series field is in circuit, acting to stabilize the 
speed by opposing a ’change in current. When the 
genei’ator is used for other experiments, the differential 
field may or may not be desired and the third switch 
allows a choice to be made. 

It may also be noticed that no starting resistance is 
provided in ’the propeller-motor circuit. The starting 
ciurent is kept within sufficiently low limits by reduc- 
^ ing the generator voltage to its minimum value before 
- closing circuit breaker 172. It is also necessary, of 
course, that tha field circuit be closed before the arma- 
■ ture circuit is closed, and that the armature circuit open 
whenever the field circuit opens. These conditions are 
obtained by means of suitable interlocks so that circuit 
breaker 172 cannot be closed until the motor-operated 
rheostat is "all in,'* and as soon as the circuit breaker 
opens, connections not shown in the diagram run the 



Pig. 8—Schematic D-c. Cihccits for Automatic Speed 
Control and Power Supply 

rheostat to this position. The motor is started by 
operating a single control switch. If the rheostat is in 
the prop^ position, the motor starts inunediately. If 
not, tae motor will start as soon as the rheostat reaches 
the "all in” position. The connections are arranged so 
that field circuit breaker 141 closes first, followed by the 
dosing of circuit breaker 172. When stopping, whether 
by hand or by one of the protective features, the brealf- 
ers open in the reverse order. If the field breaker opens 
^ for any reason, the armature circuit breaker opens 
immediately. 

After the motor has been started, ^o types of speed 
(^trol are available. Under hand control the speed of 
ttfe motor is brought to the d^ed value and remains 
nearly constant due to the inherent regulation of the 
^stem, although small variations and a gradual creep 
m sp^, due to temperature effects, occur. However. 
^ tyi» of control is much simpler and is vmy satis¬ 
factory for rough or preliminary work. Under regulated 

* 




control the speed is set at a given value corresponding 
to the portion of fhe speed adjusting rheostat, consist¬ 
ing of a (fearse and fine section, separately adjustable, 
and is held at that speed with a high precision by the 
speed regulator. Although several control stations of 
both types are provided, only one of each is shown in 
the diagram. To accommodate additional stations the 
number of positions of transfer switch 143 is increased, 
and additional speed adjusting rheostats and relays, 
193, are provided for each regulated station and addi¬ 
tional spefid control switches for each hand control 
■ station. For hand control, the entire adjustment is 
obtained by control of the^ generator field rheostat, 
whereas the two elements of the regulator control both 
the voltage of the exciter and the position of the 
generator rheostat. 

For hand control, transfer switch 143 is closed in the 
hand position, thus connecting the speed-control switch 
to a source of power, and the operation of this switch 
will cause the rheostat *to be driven in one direction or 
the other, thus increasing or decreasing the generator 
voltage and consequently the speed of the propeller 
motor. It may be noticed that there are two rheostats in 
the exciter field dreuit, so that the voltage of the ex¬ 
citer is dependent on the position of both rheostats. 
However, under hand control, relay 193-B is deener¬ 
gized so that its back contact is closed, short-circuiting 
the right-hand rheostat, and the exciter voltage is thus 
detOTnined in this case entirely by the position of the 
left-hand rheostat. The latter is set at a position which 
will give normal exciter voltage and is left unchanged, 
so that the generator rheostat lias complete cOntrol of 
the propeller-motor speed. 

To obtain regulated control, transfer switch 143 is 
changed to the “Reg.” position. Auxiliary circuits, not 
shovm, immediately-rqn the generator rheostat to the 
“all in” position, and energize relays 193-B and 193-A. 
Relay 193-A connects tlje pilot generator armature to 
the main ebment of the speed regulator through the 
speed adjusting rheostat. Relay 193-B short circuits 
the Idt-hand exciter rheostat and inserts the right-hand 
one in the circuit. The field of the pilot generator is 
ener^zed through an auxiliary contact of the field 
circuit breaker 141 and the current regulator, and there¬ 
fore carries a constant ejurent whenever the propeller 
motor is running. Under these conditions the voltage 
generated by the pilot generator is directly proportional 
to ^e^d. A defimte fraction of this voltage, depending 
upon the position of the speed adjusting'rheostat, is 
unpressed upon the main element of the regulator. If 
this voltage is below the amount required to open the 
regulator contacts, the contacts close and short-circuit 
the exciter rheostat. This raises the exciter voltage, 
hence also the generator voltage, the motor speed, and 
thepilot generator voltage. If the increase in pilot gen¬ 
erator voltage is sufficient, the contacts will open, the 
exciter voltage will fall and with it, the .generator 
voltage, the propeller motor speed, and the pilot gen- 
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erator voltage, until the contacts close again. The 
process repeats continuously. An auxiliary :<|coil and 
plunger, not shown in the diagram but connected across 
the exciter terminals, react on the contacts in the same 
manner as the d-c. coil in an a-c. generator voltage 
regulator, preventing hunting and keeping the oscil¬ 
lations in speed, produced by the.^ above described 
opening and closing of contacts, within the most minute 
limits. Under this condition the mean speed is a func¬ 
tion of the position of the speed adjusting rheostat, 
since the average ciJrrent in the regulator coi^must be a 
constant and the drop across the rheostat then depends 
only on its position. 

If, in the first instance, the increase in pilot generator 
voltage was insufficient to opoi tfie contacts, the vibrat¬ 
ing action does not occur and a speed balance is not 
obtained.. The speed range over which a balance can 
be obtained with a fixed position of the generator field 
rheostat is very small, and to increase this range, the 
auxiliary element of the regulator is provided. If the 
main contacts remain closed, the exciter voltage will 
rise above a predetermined value at which one of the 
contacts of the auxiliary element closes, and this contact 
changes the position of the generator rheostat until the 
regulator contacts open, the exciter voltage falls, and 
the auxiliary contact opens again. Conditions are now 
satisfactory and the vibrating action of the contacts is 
immediately set up and a balance obtained. In case 
the resistance in the speed-adjusting^rheostat is reduced, 
the regulator contacts immediately open, reducing the 
exciter voltage, the gen^tor voltage, the motor speed, 
and the f>ilot generator Voltage in turn. If the drop is 
sufficient, the contacts will close again, a new vibrating 
action will be set up and a new speed maintained. If the 
contacts do not dose, the exciter voltage will fall so low 
that the other contact of the giuxiliary element will 
close, increase the resistance* in the generator field, 
’ reduce the speed of the propeller and finally the pilot 
generator voltage, imtil the contacts again "Vjlose and a 
new vibrating point istestablished. Thus, the quick¬ 
acting vibrating regulator maintains a precision control 
over a«narrow range and this range is shifted to the 
proper part of a much broader range by means of the 
auxiliary element, thus providing a predse speed 
control over a broad range. , 

Operating Results 

The installation described above is giving entire 
satisfaction In the operation of the wind tunnd at 
Califomia Institute of Technology, both with regard 
to ease of control and accuracy of speed regiilation. 
Although no. predsion instuunents are available for 
measuring the actual instantaneous variations, obser¬ 
vations of an accurate electric tachometer indicate 
instantaneous variations of less than 0.2 j>er cent plus 
or minus, after the regulating equipment hasVssumed 
operating femperature, requiring about one half-hour. 

There are innumerable causes of instantaneous speed 
variation, the principal ones being resistance Ranges 


due to temperature variations in the armature and field 
of the propeller motor, main generator and exdters, 
change in load due to change in angle of attack of the 
model, change of supply frequency, etc. However, 
none of these changes can exceed^ the limit given above 
of ±0.2 per cent without bringing about a corrective 
action from the regulator, so that none of these effects 
produce any permanent variations or any beyond the 
stated limits unless they are of such extrane magnitude 
and so rapid that the regulator is unable to respond and 
correct them before the limit is reached. 

The only causes of permanent variation are those 
which affect the accuracy of the speed regulator, and 
include changes in resistance of the regulator circuits 
and change in permeability of the pilot-generator field 
with temperature. Such effects cause a gradual increase 
in speed of approximately 0.25 per cent per hour after 
operating temperature has been reached, and may be 
easily Corrected for by adjustment of the speed-adjust¬ 
ing rheostat. 

As explained above, no permanent speed change is 
caused by variation in a-c. line voltage or frequency, the 
changes being immediately corrected for by action of 
the speed regulator. No data are available regarding 
the speed of corrective action of the regulator or the 
amount and rate of change necessary to prevent the 
regulator keeping the speed within the allowable limits. 
Although the assembly was developed for a special 
application, it is composed entirely of standard appar¬ 
atus and has several features which may be adaptable 
to other purposes requiring a wide speed range with a 
high degree of accuracy in speed regulation. 
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Appendix 

Apparatus 

I 

Propeller Motor: 500-hp., 230-volt, 700-rev. per min., at full 
load, shunt connected. 

^Main Generator: 430-kw., 230-volt, 1000-rev. per min., differ¬ 
ential compound. 

Main A-C. Motor: 610-hp., 2200-volt, 3-phase synchronous. 

^M-G Set for Control Supply: 934-kw,, 125 volt, 1500-rev. per^ 
min. compound generator; 220-volt, 3-phase induction motor. 

Pilot Generator on the Propeller Motor Shaft: Rated 1.5 kw. 
(but in a larger franve for negligible temperature rise) 600-volt, 
700-rev. per min., separately excited. 

Automatic Switchboard contains: 3000-ampere automatic 
circuit brealcer, accelerating relays, misc. relays, field contactor, 
overload relays, annunciator rel^. » 

Speed Control Switchboard contains: Phase balance relay,' 
voltage balance relay, control switches and indicators and 
regulator operating from the pilot generator. 

Much additional apparatus such as exciters and switchboard 
meliers have not been listed in detail. 
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High-Voltage Low-Current Fuses and Switches 


Synopsis.—For irUermption of small currents al relatively high 
voltages, fuses and air-break switches are most commonly em¬ 
ployed. This paper treats of these devices which are suitable for 
such service as protection on the transmission lines supplying small 
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blocks of power such as rural lines. The requirements for this 
service are outlined and a discussion is given pf the ability of the 
devices to meet these requirements. 


b 


t 
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F rom thebeginningofthecommercialuse of electric¬ 
ity one of the problems has been the interrupting 
of the flow of current in time of need. This is still, 
after forty or more years, the major problem .in the 
operation of the transmission networks supplying 
power throughout the world. On its successful accom¬ 
plishment depends the continuity of electric service so 
essential to modem life and industry. *' 

In those parts of the transmission network haTidiing 
large blocks of power, the economic apportioning of 
cost allows both a high initial capital outlay and a high 
maintenance cost, and because of its importance de- 
mands the best in research and development that the 
industry affords, resulting in advanced types of circuit 
breakers and relays to control them. 

On the other hand very small blocks .of poww, found 
for instance in rural communities, have economic 
liimtations which limit the amount fiat may be spent 
and still expect a reasonable return on the investment. 
They must be supplied by a moderately high-tension 
lihe be<ause of the distances covered, and the eflidency 
of the lines and transformers corresponds within reason¬ 
able limits to those on the major circuits. Circuit- 
mtemipting equipment for this dass of service is 
notably deficient if kept within tiie uaiial economic 
limite, particularly so, since the advent of automatic 
service r^omg equipment now in’common use on the 
low-fmision side of the transformers used. The greater 
, portion of such installations now are protected on the 
high-tendon dde by fuses of various dedgns and auto¬ 
matic aJrbreak switches are employed to a janmnoy 
extent. 


The second important application of high-tendon 
fuses at tiie present time is for tiie protection of poten- 
fml transformers used ’as metering equipment. Since 
it has become almost universal practise to sacri¬ 
fice the transformer when it gets into trouble and 
depend on the fuse to dear the system from it, the 
necesdty for very low-current fuses has disappeared 
. .^nd the place filled by a fuse having a rating of from 

five to ten amperes in series witii a redstor. For these 
conations present day fuses perform reasonably 
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Fuses 

The original circuit-interrupting equipment was 
simply a reduced section of the conductor which opened 
the circuit by melting. As the demiands increased, 
various alloys melting at lower temperature than the 
usud conductor were-employed. For the use on high- 
tendon circuits, however, the more durable metals are 
required for sturdy construction. 

The melting curves for ideal conditions follow a 
logarithmic law, and if the time is short enough or the 
fuse heat-insulated, as' for instance sealed in a vacuum, 
the law holds quite closely for long fuses. For very 
short sections a correction for heat transfer to the 
terminals must be made. 

'nieoretically there is a definite quantity of heat re¬ 
quired to melt a given quantity of each metal to be 
supplied as watt seconds by 12 in the fuse. Practi¬ 
cally the various indetenninates, such as conduction 
and radiation, make the calculation of fudng time for a 
given fuse on a given current very difidcult and gen¬ 
erally unsatisfactory, so that various empirical or semi- 
empirical formulas have been proposed sining; for 
instanceto: 

C = 

where C = amperes 

K <= a. constant for each idetal and 
d = the diameter of the fuse 
Such formulas were detormined empirically for each 
fuse for given conditions.' ' 

Of the more general formulas in common use those 
having a factor for "tiie fusing time are the most service¬ 
able, for example: 

0.262 TT^d'^sw 1 aTm »■ 

I^root 1 -H a Tr 

where t = timeinsecopds 

. d, = diameter of wire cm. 

s = mean value of specific heat of wire in 
calories per gram per d^. cent, for 
temperature range . * • 

w = density in grams per cu, <an. 

I = current in amperes 
re = resistivity of wire in ohms per cm.’ 
oc = temperature coefficient of wire (average 
value for temperature range) 

= pelting point of wire in deg. cent. 

ITr .= initial temperature. 
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Such formulas give approximate values, since no 
account is taken of latent heat radiation, c^duction 
and ^the effect of wave form, etc. ■ All v^ues are 
considered as effective values of uniform sine waves of 
curroit and voltage. 

It is specially difficult to secure accurate values for 
the power absorbed by the fuse even with modern 
osdllographic wattmeters because ofphase angle, ratio 
errors, and inductive effects. Unless exceptional care is 
taken to eliminate such errors, the records of individual 
trials of watts may vary as much as lOOO’per cent. 
For the same reascms integration of the current and 
voltage waves is equally unsatisfactory. 



Comparative data can be ,^cured, however, by 
averaging a considerable number of trials of each type 
and the average performance deduced tlferefrom, as 
shown in Pig. 1. 

In general, & the fuse be tested at low voltage naing 
preferably a good oscillograph and proper control, three 
or four points plotted on logarithmic paper are suffi¬ 
cient to detCTmine its time-current characteristics. The 
time clearing characteristics at high voltage, however, 
do not follow the time fusing curves, since it requires 
more than the melting of the fuse to clear 4Jie «ircui^5 
and this time taken up* by contact travel or expulsive 
agtion is recorded as arc current and is not definitely 
separated from the true fusing time on the record. The 


arcing time is moreover dependent upon recovery 
voltage which is in turn controlled by the connected 
circuit. The available current is also conf^lled by the 
connected circuit and may be many times that requir^ 
to melt the fuse, frequently volatilizing it directly, 
whffl'eupon the major portion of the required clearing 
time is taken up in arcing time. 

Since the time of melting is controlled by the size and 
resistance under control in manufacture, and by the 
current controlled by the circuit, those fuses having a 
relatively good conductor of small section such as silver 
or copper show the most uniform action in service. 
Silver is particularly desirable since it is not easily 
corroded under the usual service conditions and the 
small amount necessary does not form" a conducting 
cloud of’vapor such as some of the commoner metals 
used in low-tension fuses. Nearly all fuses now available 
have too much metal to be volatilized before they clear, 
the common expedient of threading ^ shotgun wad on 
the elenaent of the expulsion type in order to dear the 
tube, being a practical demonstration of this fact. 

The same limitations which are driving time-current 
relay settings out of transmission networks in favor of’ 
some form of differential or impedance control, operate 
to limit the success of high-tension fuses, for selective 
clearing of faxilts. Fuses usually require a far higher 
current rating on a given installation than the r§l^ 
setting would be for the same case were it economically 
possible to use an oil circuit breaker and relays. 

The operating requirements of an acceptable fuse 
may be outlined as follows: 

1. Must fuse on a given current in a given time; * 

2. Must clear circuit under all conditions; 

3. Must remain an insulator after clearing. 

There might be added desi^ble requirements palling • 
for tile fulfilling of all of the functions of a good relay 
controlled oil circuit breaker but the above three are 
fundamental and serve to bar most present day high- 
tension fuses from being classed as successful when 
viewed from the user’s standpoint. 

The present day high-tension fuses may be grouped 
according to their method of fimctioning as follows: 

1. Plain fusible links 

2. Expulsion types 

3. Mechanically retracted contacts 

4. Explosively propelled contacts. 

They all have in common several faults which limit 
their usefulness. Krst, the time-current control is very ' 
limited; so much so that it is not practical to operate 
fus^ and circuit breakers in series and get selective 
action where the short-circuit current range is more 
than two or three to one, because for heavy currents the 
fuses approach J^-cycle clearing time whereas the relay 
oil circuit breaker combinafion haye several cycles 
minimum. The better the fuse as regards its own 
clearing performance the worse this objection bewmes, 
resulting in a higher rating for a quick acting fuse 




WILKINS; HIGH-VOLTAQB. \.OW-CUBRENT FUSES AND SWITCHES Journal A. I. E. E. 


for the same duty than for one of the heavier slower 

acting types. , -j. a 

Practically all fuses now manufactured emit flame 
and incandescent gas on operation and in addition some 
types metallic parts ^d jumpers as well. Few high- 
tension fuses in commercial use at present are entirely 
free from this serious objection. 

In addition to the above the several types have the 
following troubles: 

Classes 0516 and two above both fail to clear on normal 
voltage at very slightly above their melting point since 
the containers, glass, porcelain, or organic material, are 
^11 conductors when heated; it follows that if the fi^e is 
^adually heated to incandescence the container will be 
Tendered conducting. Fig. 2 shows examples of such 
failures. Some rather spectacular results "can be 
expected from either type if the load is gradually in- 



Fia. 2 —Fuse Containers Which Have Become Con- 
dxjctors bt Being Heated 

creased at normal voltage for several hours and finally 
allowed to melt the fuse. 

Class three has the primary objection of cost par¬ 
ticularly where liquid filled, because of the necessary 
close supervision in manufacture and careful handling 
necessary. 

They also have to be carefully vented with some form 
of baffle between the fuse chamber and the liquid in 
order to prevent shattering the container. In effect this 
results in an expulsion fuse with a very small chamber 
and a liquid insulation chamber below. , 

Under-rating, sudi as using a 10-ampere fuse in lOO- 
ampere casing, increases the safety but exceeds the 
’ economic limit except in very special cases. 

In practise considerable care must be exercised in 
order to prevent liquid leakage either direct or by 
evaporation. 

There are at present very few examples of number 
four type in service^ the so-called shotgun fuse being the 
best known example. In this tsqie the contact move¬ 
ment is caused by an fflcplosive, usually powder such as 
is commonly used in fire arms. The fuseitself imbedded 
in such powder, ignites it as soon as either suflBdent 


temperature is reached or an arc is started. The clear¬ 
ing speei is always the same and for this reason the 
general ^qie is easily adapted to very small fuses at 
high voltage. 

One disadvantage is the necessary cl^ance required 
for the exit of flame and contacts. 

In application some thought must be given the loca¬ 
tion of the fuses wBen blown, a common trouble being to 
mount them in such a position that when blown in wet 
weather they will fill with water and thereby become 
conducting. • 

Air Break Switches 

Because of the lack of available time delay in high- 
tension fuses and due p) the cost of refilling them when 
blown, many attempts have been made to use automatic 
air-break switches instead. 

The major portion of the air-break switches used for 
such service are manually closed against a spring or 
weight and tripped by series overload coils. The trip¬ 
ping is accomplished either direct or through an in¬ 
sulated rod of glass or Bakelite which is used to close a 
contact on a battery circuit. 

The usual clearance between phases is approximately 
eightfeetfor 44-kv., and ten feet for 66-kv., and the usual 
tendency is to carry the arc upward from the insulators 
rather than across phases. 

Practise in automatic air-break switches has dem¬ 
onstrated that the most satisfactory results are secured 
by moderate speeds, for instance, as the speed usually 
secured in hand operation from two to four feet per 
second contact travel. •• . 

Compared to high-tension fuses very few automatic 
air-break switches are in service so that data on their 
general performance are not readily .available. 

The same faetong which tended in the early days of 
transmission to force J)etter control of, the clearing 
action and thereby caused development of relays and* 
modern circuit breakers, are operating now to limit the 
use of the same class of equipment in modem high- 
voltage distribution lines to* those locations whwe 
selective clearing action is not essential. For service 
where overload protection only is desired and moderate 
interrupting capacity sufficient, present day fuses are 
reasonably satisfactory^. 

For higher duties, underrating both in current and 
voltage miiflmizes trouble, but is usually not econom¬ 
ically feasible. , 

The building code proposed by the American Welding 
Society for the construction of buildings has recently 
been adopted by a large number of Southern and West- 

! em cities and has also been recognized by the State of 
^ennsydvawa where the Legislature passed a law 

i making welding available for *buildings in first-class 

[ cities. The use of welding in the erection of steel franie 

; buildings is increasing very rapidly. 


# 
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Synopsis^—A machine for solving differential equations in two 
variables is described. The equations may be linear or nonAinear 
and may have variable or constant coefficients. The machine 
draws out the solution in the form of a curve, together with its deriv- 
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aiives. By altering the connections in various 'ways, a wide 
variety of equations may be solved with a limited number of inte¬ 
grating and reflexing elements. 


T he occurrence of a number of difficult problems 
in differential equations with which the writers 
were required to deal, led them to seek some 
method of general applicability whereby the* solution 
of such problems might be obtained. Since it was 
known that a large number of differential equations 
exist which have no solution in terms of the known 
functions, success by formal methods seemed hope¬ 
less and consideration was given to the possibilities of 
solution by mechanical means. Working along this 
line the writers evolved the idea of the interconnected 
integraph which fulfills the requirements to the extent 
th^it it appears to be possible with a moderate amount 
of equipment to solve a wide variety of ordinary 
•differential equations or parametric equations in three 
variables. The solution is given by the machine in 
the form of a graph in Cartesian coordinates, together 
with similar graphs of its successive derivatives to an 
order one less than the order of the differential equation. 
The machine is adapted to the problem at hand by the 
manner in which the various elements are connected. 
In order to test out the soundness of the principle, 
an experimental machine was built which operated as 
expected. In the article, which follows, the order of 
development will be adhered to, the principle upon 
which the machine is based being given first, followed 
by a description of the experimental machine. 

The principle upon which the machine operates can 
be illustrated most clearly by mgaHS of an example. 
For the purpdbe, let it be assumed that the equation 

dy . 

is to be solved where x and y have their usual meaning 
and A: is a constant. The wiring diagram for a machine 
to solve this equation is shown in Fig. 1. At the left 
is shown in diagrammatic form a d-c. integrating watt¬ 
meter element which in this case is to be operated by 
alternating current. Mounted on the meter shaft is 
a contactor which closes the platen motor circuit, one 
or more times qach revolution of the meter. The platen 
motor is fitted with a pawl-and-ratchet device to move 
the platen a small distance in the direction of its length 
each time an impulse is received. The platen consists 
of a non-conducting shell which carries a uniformly 
spaced winding. This winding interlinks with the flux 
from an iron core whose primary is energized from an 
a-c. source. The winding of the platai is symnSetricgT 
with respect to its center so that the voltage induced 


is proportional to the departure of the platen from its 
mid-position and changes sign when the mid-point 
is passed. The armature of the meter and ±he platen 
primary are connected to a constant potential, source 
and the leads from the platen are connected to the 
field of the meter. Under these conditions the speed 
of the meter is proportional to the departure of the 
platen from its mid-position, and since th5 construction 
of the mjfchine insures that the departure of the platen 
will be proportional to the time integral of the meter 

d y 

speed, we have proportional to j/, where y now 


represents the departure of the platen from its mid- 
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Table 

Pic. 1 

position. If a pencil is attached to the platen and a 
table be run beneath it at constant speed in a direction 
normal to the direction of motion of the platen, the 
pencil will draw out upon the table a graph of the curve 
which is a solution of 


where x is measured parallel to the direction of motion 
of the table. The curve drawn is not smooth, but 
consists of a series of steps of constant height but 
varying length. On the experimental machine the 
height of these steps is about a quarter of an inch. 
It would be preferable, however, to reduce them to about 
one^hundredth of the maximum ordinate or to about 
one-tenth of an inch for a machine of twenty inch span. 
In figures 2 and 3 are given wiring diagrams for two 
other representative types of equations. The platens 
marked A^i, X,, and Xs in Fig. 2andX4 inFig.Sare con¬ 
trolled manually by the operators jvho cause them to 
follow graphs of the appropriate functions previously 
plotted to scale upon the table. In order to stoplify 
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the diEgrams^ circuits have been represented by a single found at sea level. The horizontal scale is therefore: 

To carry the example a step further a curve from the (q.OSOtI) (0.3580) ” 
experimental machine (connected as in Fig. 1) will be 

applied to the problem of calculating the relation be- be required to find the pressure at a haght of 3.4 miles 


tween barometric pressure and height. 
The given data are: 


above sea level. 
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h = 


(3.4) (5280) 
*(4981) 


= 3.604 in. to scale 


From the curve y = 7.77 in. 

Therefoi;p p = (7.77) (141.09) = ^1096. lb. per sq. ft. 

As a check assume a point 8 .in. from the axis to 
represent conditions at sea level. 

As before: * 

2116.35 

Scale of j? =- 5 - = 264.6 lb. per sq. ft. per inch. 

O 

Slope at y = 8. = — (0.190) (8) = — 1.520 in. per inch 
1 


= 0.6679 


. Waght of one cubic foot of air at 760 mm. pressure 
and 0 degrees centigrade 0.08072 lb. 

Pressure at sea level = 760 mm. of mercury or 
2116.35 lb. per sq. ft. 

Slope of curve drawn to natural scale by machine 
"•vfitSi 110 volts on the armature and the platen dis- 
^placed one inch = — 0.190. Let: 
p = pressure in pounds per sq. ft. 
h = height m feet 

. k = weight of one cubic foot of airat deg. cent, and one 

0.08072 

pound per sq. ft. pressure = 2116 36 

Since at constant temperature the weight per cubic 
foot of a gas is proportional to the pressure, the differen- 

d p 

tial equation which applies in this case is — — k p 

Using the curve drawn by the experimental machine; 
the elements of which are given at tiie close of ttte 
article, let the point where j/ is 16 inches be chosen to 
r^resent conditions at sea level. The scale of p is 
then determined by the condition that 15 inches must 
represent 2116.35 pounds per square foot. The scale 

. , 2116.36 

IS then: — jz — = 141.09 pounds per square foot 

lO x 

per inch. The slope of the machine curve at this 
point is — (0.190) (16) = - 2.86 i^iches per inch. 

For each inch of vertical scale th& slope will subtend 

2 *^ = 0.3509 inches on the horizontal scale. The 

scale of A is then'determined by finding how many feet 
would be required to produce the pressure represented 
by one inch of vertical scale with air of the d^ity 


1.520 

Scale ofk = 

. (3.4) (6280.) 
4981 


264.5 


(0.08072) (0.6579) 


= 4981. ft. to the inch. 


= 3.604 in. From the curve y = 4.08 in. 


Then: 

p = (408) (264.5) = 1079. lb. per sq. ft. 
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Checking by formal methods the exact valuS is found 
to be 1066 lb. per sq. ft. 

DBSCRIPTipN OP THE MACHINE 
A standard d-c. commutator type watthour meter 
was somewhat modified for this experiment. The 
110-volt shunt armature circmt was ^used without 
alteration but the series current winding was removed 
and replaced with a 10-volt shunt winding. The meter 
was thus made adaptable for integrating the product 
of two variable voltages; and because there was no iron 
in the magnetic fields its response should be undistorted 
when supplied with alternating voltages. The inte- 
gratedt quantities instead of being registered on the 
customary dials were given 'effect through a con¬ 
tacting device on the meter shaft to give two contaqts 
per revolution. Studies of periodic functions would 


r 
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require that the meter reverse its rotation and in order 
to eliminate frictional effect, a biasing speed of^he disk 
was resorted to, above and bdow which speed the 
effects of the meter coils might operate, as long as the 
bucking effects did not reduce the disk speed to zero. 
The undesired or extra number of contacts due to the 
biasing speed were sifted out by the differential gear 
described later, so that only the registration due to the 
meter coils alone was finally effective. For the particu¬ 
lar problem selected for checking purposes, no periodic 
functions wCTe’ involved, however, and this device was 
not strictly needed. ' For supplying the biasing speed 
to the disk, the friction couqpensator was removed and 
replaced with a standard type of single-phase induction 
meter element placed to operate On the d amp iTig mag¬ 
net drag disk. Sufficient load was given to this ele- 
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ment to produce ‘bn initial disk speed of about 10 
revolutions per minute. _ 

The second important vmit of th§ iategraph was what 
may be called the platen. This consisted of a trans- 
fbrmer core containing an air-g^^ with primary winding 
coimected to 115-volt, 60-cycle supply, the secondary 
or platen winding being wound in a spiral manner to 
give a smoothly variable voltage from — 10 through 
zero to volts, the algebraic signs indicating 180 deg. 
phase difference. 

The means was thus provided for suppljdng a vari¬ 
able voltage from the platen to, the field winding of 
the d-c. watthour meter. The meter contacting device 
must be interconnected or reflexed upon “the platen 
in such a manner that each impulse accomplishes 
a slight motion or displacement of the platen. This 
arrangement whereby each element is controlled by the 
element which it controls is the chmacteristic feature 
of the madiine. 

The contacting device operated a relay controlling 
a small motor which furnished the desired motion to 
tiie platen by rotating the spool upon which,tiie platen* 
rested at a point near the air-gap. In order to conf- 
p^Qsate for the number of impulses given out at biasing 
speed it was necessary to provide a second motion to the 
platen in the opposite direction from that suppli^ by 


the motor. The differential gear arrangement shown 
in Fig. 6 was worked out so that the two motions could 
be applied simultaneously to the platen, ^y constant 
speed device could be used for this purpose so long as 
it was adjusted to exactly neutralize the effect of the 
biasing speed of the meter. It was therefore taken 
from the constant speed drive of the moving table. 
The contacting device necessarily moved the platen 
by steps while the motion of the moving table gave a 
uniform restoring motion to the platen. A pencil was 
attached to the platen in such a way that the motion 
of the platen was recorded at right angles to the motion 
of the moving table underneath which carried a paper 
chart on which the integral curve of the differential 
equation was automatically dravm. TBe table was 
simply dr&wn along by a constant speed motor operating 
through a lead screw and a nut fastened to the table, 
the nut being split for easy resetting of the table. 

In order to test the accuraqr of the experimental 
machine an exponential curve was passed through 
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three points of one of its curves. The comparison for 
points two inches apart is shown in the following table: 


X 

O.IOOj; 

y m I6.81e-0-190* 

g from the 
machine curve 

0 inches 

0.0 

16.31 inches 

16.31 inches 

2 

0.380 

10.46 « 

10.40 " 

4 « 

0.760 

7.16 « 

7.20 " 

6 « 

1.140 

4.90 “ 

4.98 “ 

8 « 

1.620 

3.85 “ 

3.39 « 

10 « 

1.000 

2.20 “ 

2.29 “ 
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ANNUAL REPORT OF COMMITTEE ON 

To the Board of Directors: 

The Committee on Instruments and Measurements 
reports activities for the past year as follows: 

1. Revision of Electrical Units 

2. Measurement of Core Losses in Terms of Sine- 

«■ Wave Core Losses 

3. Distortion Factor—Definition and Method of 

Measurement 

4. Technique of Temperature Measurement. 

5. Measurement of Variable Power and Large 

Blocks of Energy 

6. Dielectric Power Loss and Power-Factor 

Measurements 

7. Measurement of Non-Electrical Quantities by 

Electrical Means 

8. High-Frequency Measurements 

9. Remote Metering 

10. Shielding in Electrical Measurements 

11. Papers 

12. Conclusion. 

Revision op Electrical Units 

The progress during the past year of the movement in. 
fi,Vor of absolute electrical units in place of those de- 
.fined by means of arbitrary standards is considered by 
the Instruments and Measurements Committee to be 
most gratifying, and the actions taken to be epoch 
making. This progress is recorded in the following 
report by Dr. H. B. Brooks, Chairman of the Sub- 
Committee on Revision of Electrical Units. 

The resolutions on Revision of Electrical Units which 
were prepared by the Cbmmittee on Instruments and 
Measurements and transmitted to the Board of Direc¬ 
tors, through the Standards Committee, were adopted 
with a slight-change at the meeting of the Board in 
Denver in June 1928. The resolutions cited the dis¬ 
crepancies existing between the international dectrical 
imits and the absolute units they were intended to 
represent, and called on the United States Bureau of 
Standards and foreign national standardizing labora¬ 
tories to undertake the researches necessary to eliminate 
the discrepancies, and to bring about the legafizatioip of 
absolute electrical units in place of those defined by 
means of arbitrary standards. Copi^ of the resolu¬ 
tions were sent to the appropriate conomittees of the 

^COMMITTEE ON IHSTRUMEHTS AND MEASTJSBMENTS: 

Everett S. Lee, Ohairman, *■ 

H. O. Koenig, Secretary. 

£. J. Butan, Yice-Ohairman, 

O. J. Bliss, W. N, Goodwin, Jr., W. J. Mowbray, 

Perry A, Borden, P. O. Holtz, T. E. Penard, ^ 

"W, M. Bradshaw', t, P. Einhard, B. T. Pierce, 

H. B. Brooks, , A. B. Enowlton, G. A. Sawin, 

A. L. Cook, W. B. Eouwenhoyen^ R. W. Sorensen, 

Melville Eastham, E« B. Merrlam, H. M. Turner. 

Presented at the Summer Convention of the A. 7. E, J?., Swamp-* 
acott, Maaa.y June 24-28,1929, Complete copies upon request. 
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U. S. Senate and House of Representatives, the Bureau 
Standards, and to the national standardizing labora¬ 
tories of England^ France, Germany, Japan, and Russia. 

To assist in formulating proposals incorporating a 
consensus of the opinions held in the United States, 
Dr. G. K. Burgess, Director of the Bureau of Standards, 
invited a number of organizations i:o name members of 
an American Advisory Committee representing the 
scientific, industrial, and. commercial organizations 
most directly concerned with electrical measurements. 
These organizations were as follows: National Aca demy 
of Sciences, American Institute of Electrical Engineers, 
American Physical Society, National Electric Light 
Association, Association of Edison Illuminating Com¬ 
panies, National Electrical Manufacturers Association, 
and the American Telephone and Telegraph Company. 
This American Committee met at the Bureau of Stand¬ 
ards on June 16,1928. After due consideration of the 
information available regarding the present status of 
electrical measurements, the American Advisory Com¬ 
mittee unanimously adopted the following resolutions: 

"(1) Resolved, that in the opinion of this Com¬ 
mittee, in view of improvements which are being 
made in absolute measurements, electrical standards 
should in future ^e based upon the absolute system of 
units. . 

“(2) Resolved, that in the opinion of this Com¬ 
mittee, the functions which it is desirable to have the 
International Bureau of Weights and Measures under¬ 
take in connection with the electrical units, are as 
follows: 

“(1) A d^nbral secretariat to arrange for sys¬ 
tematic exchange %f standards and Compilation of 
results of intercomparisons thus made among the 
natidhal laboratories. 

“(2) A laboratory to*'j7hich concrete standards 
representing the results obtained in the different 
countries may be brought for precise con^arisons. 

“(3) A repositoryforintemationalreferenceand 
working standards with the necessary equipment so 
that other standards may be compared with these 
standards on request.' 

With the backing of these resolutions. Dr. Burgess 
attended the first meetinp of the ^(international) 
Advisory Committee on Electricity, which were held 
at Sevres and Paris November 20-22 inclusive, 1928. 
The timeliness and the importance of the question of 
the revision of the eledtrical units are shown by the 
fact that delegates felt it worth while to come from the 
far countries of the world, so that the Advisory Com- 
initte# had a complete attendance of all members. 
Communications from various countries concerning 
the electrical units w»e considered. The^cordial spirit 
and the unselfish aims of the committee are shown 
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by the gratifying fact that all the decisions reported 
were reached unanimously.^ The committ^ realized 
the great importance of dealing adequately with the 
electrical units, in the light of past experience and 
present knowledge, and ultimately adopted, by unan¬ 
imous vote, the following resolutions: 

“1. The Advisory Committee on Electricity estab¬ 
lished by the International Committee of Weights and 
Measures, considering the great importance of unifying 
the systems of electrical ’measurements upon a basis 
deprived of all arl^itrary character, recognizes from the 
beginning of its first session that the absolute system, 
derived from the c. g. s. system, may be substituted 
with advantage for the international system of units for 
all scientific and industrial determinations and decides 
to propose its adoption to the International Com¬ 
mittee of Weights and Measures. 

“2. The Advisory Committee on Electricity, whfie 
recognizing fully the great forward steps already taken 
in the domain of electrical measurements of high pre- 
•cision, does not believe, however, that it is possible 
immediately to fix with all the necessary and possible 
accuracy the ratios which exist between the absolute 
units derived from the c. g. s. system and the inter¬ 
national units of current, electromotive force, and 
resistance, as they were defined by the International 
Congress at Chicago in 1893 and the London Confer¬ 
ence in 1908, and expresses the wish that researches 
may be carried on toward that end in suitably equipped 
laboratories, in accordance with » program previously 
worked out in cooperation with the Advisory Com¬ 
mittee on Electricity.” • 

Dr. Burgess was unanimously chosen to report the 
proceedings of ttie Advisory Committee to the Inter¬ 
national Committee of Weights and Measures. The 
approval of the latter is necessaryjx) put into effect the 
resolutions.of the Advisory,Cbmnaittee. The Com¬ 
mittee on Instruments and 'Measurements regards the 
action of the Advisory ComnaSttee on. Eleqtricity as an 
epoch-niaking event, and looks forward hopefully to 
the time when the units of the electrical engineer and 
those jof the mechanical engineer will rest alike upon 
the fundamental bases, the meter, the kilogram, and 
the second of time. 

Measurement op Core Losses in Terms op Sine- 
Wave Core Losses 

• 

A working committee of the Instruments and Mea¬ 
surements Committee under the chairmanship of Mir. 
W. M. Bradshaw has been studying for the past year 
the best way to make core loss measurements on trans¬ 
formers so that they will ^ve accurate “sine-wave” 
core losses regardless of the wave form employed for 
excitation. In this connection the working committee 

i^ued a questionnaire on the practise of measu^ng 
-- ♦ ^ 

. 1. A full account of* the proceedings of the Advisory tl/om- 
mittee on ]pilectricity is g^ven in Revue OSnSrale de VElecindii. 
* for Deo. 22,1928. 
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core losses in transformers. This was sent to fourteen 
known manufacturers of transformers. Replies were 
received from ten of them. Of the ten replies, five were 
from manufacturers of power and distribution trans¬ 
formers, all of whom either recognized the necessity 
for corrections or actually used corrections. The other 
five were from 'manufacturers of instrument trans¬ 
formers or special transformers in which core losses 
need not be measured. Those who only recognized the 
general necessity for corrections state that they have 
available a pure sine wave which remains undisturbed. 

As a result of the replies to this questionnaire and 
from the results of their study, the Working Committee 
recommended desirable procedure in making core loss 
measurements to the Instruments and^ Measurements 
Commjjttee, which'recommendations have been regu¬ 
larly transmitted to the Standards Committee. These 
recommendations provided for the measurement of 
core loss of transformers preferably with a sine wave 
of applied voltage; if this is not pra<;ticable, the results 
obtained with a distorted wave of applied voltage shall 
be corrected to a sine-wave basis by a suitable method.,. 

Three suitable methods, as follows, have been studied 
and are outlined in detail in the report; 

No. 1. Standard Core Method 
No. 2. Iron-Loss Voltmeter Method 
No. 3. Flux Voltmeter Method 

Methods No. 1 and No. 2 use miniature representa¬ 
tive sample cores. In Method No. 3 the correct 
average voltage is applied to the transformer under test 
irrespective of the wave form of the applied voltage. 

The committee recommended preference for methods 
utilizing average voltage for correcting core loss results 
to a sine-wave basis to. those utilizing ^mple cores 
since the sample may not represent correctly the actual 
transformer under test. . * 

Distortion Factor—Definition and Method op 
Measurement 

A working Committee of the Instntaients and Mea¬ 
surements Committee, under the chairmanship of 
Mr. W. M. Bradshaw, has studied the definition of 
distortion factor and method of measurement as dis¬ 
closed in a report of the French Electrotechnical 
Conunission entitled “Methods of Determining the 
Distortion of the Voltage Wave of Alternators,” and 
have recommended action concerning these, which 
recommendations the Instruments and Measurements 
Committee have regularly referred to the Standards 
Committee. The definition recommended is the same 
in substance as proposed in the French report, but 
differs in form td be in agreement with the form of 
the present A. I. E. E. definition of Deviation Factor, 
andis as follows: 

The distortion factor of,a voltage wave is the ratio 
of the effective value of the residue, after the elimina¬ 
tion of the fundamental, to the .^active value of the 
original wave. 
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A general definition to include all periodic waves was 
recommended as follows: 

Distortion factor of a periodic voltage or current 
wave is the rhtio of the effective value of the residue, 
after the elimination of the fundamental, to the effec¬ 
tive value of the original wave. 

Details of methods for measuring the distortion factor 
of a voltage wave were submitted for use in obtaining 
data for the establishment of suitable limiting values of 
distortion factor, as follows: 

A. Method of Boucherot using an alternator with a 
sinusoidal wave and a voltmeter. 

B. ‘ Method of Belfils using a bridge to suppress the 
fundamental of the wave to be analyzed, and a volt¬ 
meter to read the residue. 

C. By oscilibgram. 

D. By harmonic analyzer. * 

The method (B) seems at the present time to be the 
most promising, though further study and develop¬ 
ment of the apparatus are necessary. This work is 
proceeding. 

Technique op Temperature Measurement 
- The Standards Committee has referred to the Instru- 
Inents and Measurements Committee Hie broad ques¬ 
tion of Standards for the Technique of Temperature 
Measurement. A subcommittee has been appointed 
and work is progresang on writing a standard on the 
technique of temperature measurement. The initial 
activity will be confined to those temperjiture measure¬ 
ments induded in the present A. I. E. E. Standards. 

Measurement op Variable Power and Large 
Blocks op Energy 

The subcommittee on this subject, under the chair¬ 
manship of Mr. T.' E. Penard, is collecting literature 
from the various manuf acti^ers of meters and metering 
equipment rdative to this phase of the art. The 
questions of metering large blocks of d-c. energy requir¬ 
ing the use of large capacity shunts in connection with 
wattiiour meters and the calibration of such shunts, 
as well as the use of several low current shunts in 
paralld with resistance compensated potential connec¬ 
tions, are being studied. 

A new oscillating meter clamped directly on the bus 
bars and working on the stray field produced by the 
currents in the bus is being studied. 

DiELEOTRic Power Loss and Power-Factor 
Measurements 

" " The Subcommittee on Dielectric Power Loss and 
Power-Factor Measurements under the chairmanship 
of Mr. H. C. Koenig has rendered the following report: 

In 1928 Messrs. J. A. Scott, H. W. Bousman, and 
R. R. Benedict presented a paper before tiie Insijtute 
entitled A Thermal Me^d of Standardizing Didectric 
Power Loss Measuring Equipment, (A. I. E. E. 
Quarterly Trans., Vol. 47, July, 1928, p. 819). In 
this paper the authors pointed out the effect of humid- 




ity on an air capacitor. As a result of this paper, at 
least two ipew investigations along these lines have been 
made. Mone of them, at the Electrical Testing Labora¬ 
tories, it was shown that a properly constructed air 
condenser had a power factor of less than 0.01 per cent 
over a range of voltage up to 20 kv. pdr inch between 
plates, and over a range of humidity up to, at least, 

85 per cent in cleap air. In the other investigation at 
the Johns Hopkins University, two successful runs of 
varying humidity and voltage were made, one at a 
temperature of 77 deg. fahr. and the other at 85 deg. 
fahr. No air conduction could be detected up to about 
90 pm* cent humidity. At the time of writing further 
experiments are still in progress. 

In the subcommittee report of 1928, attention was 
called to the development of standards loads for use in 
checking dielectric loss equipment. Following the suc¬ 
cessful application of this standard load rated at 20 kv., 
a similar load has now been developed for use up to 
75 kv. This latter load was also used very succ^sfully 
in making factory inter-checks of dielectric loss equip¬ 
ment. In generi, the results of the inter-comparison 
of dielectric loss equipments were very satisfactory. 

As a result of the inter-check made at various fac¬ 
tories two conditions have been noticed which are of 
interest. (1) It has been noted that while most labora¬ 
tories are in fair agreement as to power factor measure¬ 
ments, there is a decided lack of agreement on current 
(and, therefore, watt) determinations. It appears 
that currents of the,order of 1 to 10 milUamperes pre¬ 
sent a somewhat difficult measurement problem. Most 
laboratories use the same instruments for w^tt and 
curr^it determinations, changing the coil connections 
and using it as a deflection instrument. The labora¬ 
tories using a bridge method depend oii the capacitance 
of their reference condenser. One of the most satis¬ 
factory methods for*nieasuring these currents appears 
to be a modification of flye transformer bridge. This , 
method requires the use* of a potential transformer of 
known ratio and the accuracy of the method depends 
only on the potential transformer and the capacitance 
of a condenser used in making the balance. (2) In a 
number of cases the condition was encountered whbre the 
test plate of the reference air condenser was mounted on 
insulators in such a way that the field from the high- 
voltage plate to these insulators terminated on the test 
plate. This sometimes caused the condensers to have 
power factors as great as 0.5 per cent. In each case it 
has been found possible to bring the poMwer factor to 
zero by guarding and shidding these insulators. This 
condition is quite noticeable with the large open pedes¬ 
tal type condensers u^d in many of the cable test 
laboratories. 

Dtuing the past months there has been considerable 
discussion r^arding the possible effects of the high- 
freqjiencf discharges occurring jn insulations under 
high stress on measurements of dielectric Ip^ and power 
factor. While these high-frequency dischafges prob-* 
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ably represent energy losses, it is qu^tionable whether 
or not any of the present methods of measvements 
include these losses. • 

The question of dielectric loss and power factor 
measurements with particular reference to the shielding 
of both the measuring equipment and the cables under 
test will be covered in a symposium to be held at the 
Summer Convention on Shielding i« Electrical Mea¬ 
surements. Two papers covering this work will be 
presented, entitled Shielding Cables in Diedeetric Loss 
Measurements, by E. H. Salter and Some Problems in 
Diciecinc Loss MeosV^wtente by Professor C. L. Dawes. 


Magnetic Analysis of Materials, by II. L. Sanfonl. 

Measurements of Flow by Use of Electrknl Instru¬ 
ments, by W. H. Prtitt. 

Use of the Oscillograph for Meastmng Non-Electrical 
Quantities, by D. F. Miner and W. II. liatten. 

Study of Noises in Electrical A pparatus, by 1'. Spooner 
and J. P. Foltz. 

Electrical Aids to Nainyulion,- by R. H. Marriol I. 

The increaainpc extent of arli(;le.s in the literature 
describing the use and applie:ition of electrical means to 
the measurement of non-eleetrical (luantitJes has made 
it practically impt^ssible for the .sub<H)mmitlee to eom- 


A new test cell has been developed for determining the pile the many articles on the subject into a bibliography 


insulation resistance, powa* factor, and dielectric con¬ 
stant on liquid insulating naater^ils. This cell maVftf ; 
it possible to test more rapidly and under better con¬ 
trolled conditions than was previously possible. 

Some recent modifications of the Sobering bridge 
have been made which may be of interest. The 
Sobering bridge as ordinarily constructed necessitates 
the computation of capacitance and power factor of the 
test condenser from the values of the condensers and 
resistors in the other arms of the bridge. In order to 
eliminate the need of these computations, a modified 
circuit has been developed and used in the construction 
of several bridges whereby it is possible to adjust the 
bridge for the capacitance of the standard air condenser, 
and to make the bridge direct reading in both power 
factor and capacitance of the unknown condenser. 
These bridges have also been provided with shields on 
the various sections to reduce the effect of stray ca¬ 
pacitances. In order to readily adjust the potentials of 
these shields, one public utility company laboratory 
has had a dummy^iridge constructed wherein it is only 
necessary to set thoarms of this bridge to correspond to 
those of the main Schering bridge ii^prder to establish 
the proper potentials on the vaijoiSs guard circuits. 


as has been done diu’ing the past throt^ years, lienee 
this bibliogi'uphy which has upiteared anouully will not 
appear tjjiis year except as bibliugniphies are available 
with the above paixTs. Thl.s growth speaks for the 
extension of elect.rieal means into fields of non-t‘leetrieal 
measTirements. 

High- FuKtii honcy M kasi iidoMKNTs 
The subcommittee on this suhjcicrt, through its chair¬ 
man Professor H. M. Turner, maintains contact with 
the radio and high-fre(jueney field thnjugh the Stand-, 
ardizaton Commlt;tee of the Institute of Radio Engi¬ 
neers. Under the ausjjices of this committee, there has 
recently been i.ssuud a pnfliminary bibliography on 
high-frequency moasuremenl s which is available. 

The subcommit.teo has prejjared a li.st of ijupers ifuO- 
lished during the past two years on the subject of high-, 
frequency measurements .since? tlm symposium held in 
May 1927, on the subject. This list js not eom}>Iete, 
but it reflects the progre.s.s in the art. of high-frociuency. 
measurements. The list is attached to this report as 
Appendix A., of the complete repent. 

llKMOTK MKTOltINt; * 

Two papers were presented at the Winter (Jonvention 


The construction of large’power-factor correction under the auspices of thissubcommittee, under thochair- 
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capacitors has brought about the need for a ready means 
of measuring the capacitance and power factor of 
capacitors on voltages ranging from 200 to 4000 volts 
and wit^ line currents as high as 76 amperes. Several 
stationary test sets have been constructed for this pur¬ 
pose, which enable power factor and capacitance to be 
read directly from the scale of a variable self and mutual 
inductor, utilizing a reflecting dynamometer as a null 
deflection instriunent. Such testing sets •are readily 
adjustable as to both voltage and current. The im¬ 
pedance of tlfe measuring circuit, which must be in¬ 
serted in series with the condenser, is so low that the 
drop across it does not exceed 300 millivolts. 

Measurement op Non-Elb6tbical Quantittbs by 
Electrical Means 

A s 3 unposium on this subject was held during th^ 
Winter Convention, sponsored by the subcommitfase 
on this subject, under the chairmanship of Mr. Perry A. 
Borden. The following papers were presented: 


manship of Mr. K. J. Rutan. Those wore: 

TelemeteHng, by C. H. Lintler, 11. R. Rex. C. E. 
Stewart, and A. 53. Fitzgerald. 

Totalizing of Electric System Uuuh.’^hy P. M. Lincoln. 
The information presc'nted in those pupcTs supple¬ 
ments that reported by the subcommittee in 1028. 

The subcommittee is now studying the nomenclature 

applicable to remote metering. 

* 

Shielding in Elkctbical Mbasurkmknts 
A s3nnposium on Shielding in Electrical Measure¬ 
ments will be held at the Summer Convention 1929, 
under the chairmanship of Mr. H. C. Koenig. The 
folmwing papers wiH be presented: 

Cimtis^*^^^^ <jrrMxrdinj 7 Eleeirical Apparatus, by H. L. 

Sotm Problems in Dielectric Losst Mmmummts, by 
O. Ij. D awes. 

papers will bo publwhwl in 1.ho A. 1. E. K. Quartorly 
ibanb., Vol, 48, July 1029. 
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at the plant. A device for automatically holding the 
proper distribution of load between the three units in 
the plant has -also been developed for improvement of 
normal operating supervision. 

Propellor-Type Plari^. The propeller type wheel 
with provision for adjustment of the blade angles to 
give maximum efficiency for any gate opening or 
maximum output for any variation of head, was intro¬ 
duced last year at the Chippewa Palls plant in Wis¬ 
consin where six 5000-hp. wheels operating under a 
head of 29.6 feet were installed. The runner blades 
in this case are shifted by hand after shutting down the 
turbine. A ^plan turbine of 1900-hp. capacity, 
having an automatic arrangement for varying the 
pitch of the ruiiner blades while in operation, was in¬ 
stalled in the Devils River plant in Texas, and is the 
first instance of the use of this European developed 
turbine in America. Wheels of the greatest power of 
the manually-adjusted propeller t 3 T)e are being built 
for the Back River Plant of the Montreal Island Power 
Company in Canada, where six units rated at 8800 
'hp. under a head of 26 ft. will be installed. 

-High-Head, Impulse Wheel Plants. The recently 
completed Bucks Creel plant on the Feather Rivar in 
California develops to date the highest head at any 
hydro plant in America, its static head being 2562 ft. 
A flow of 300 cu. ft. per see. operates the two 36,000- 
hp" curbines in the plant. Another outstanding instal¬ 
lation in the Pacific Coast states was the addition to the 
Big Creek 2A plant of the Southern California Edison 
Company, of two iippulse wheel units, rated at 56,000- 
hp. each, that exceed in capacity any impulse wheels 
ever built. 

Trends in Steam Plant Design 
• Steam plant designers haye been busy discussing the 
application of extremely high steam pressures and call¬ 
ing attention to the possibilities of Ugher steam tem¬ 
peratures; the selection of the most suitable method of 
combustion has also been a major concern. A great 
deal of consideration is being given to the most appro¬ 
priate use of the various ideas of plant design and 
arrangement that have bemi tried out successfully in 
practise. The introduction of regenerative and re¬ 
heating cycles, high-stream pressures, and pulverized 
fuel firing, has not simplified the design layout, partic¬ 
ularly in the domain of the sub-auxiliary control 
equipment that is necessary. A very considerable 
r^uction of investment charges has been made by the 
concentration of capacity in boilCTs and turbo-genera¬ 
tors of large size. However, tiie relation of investment 
charges to the fuel and operating cosfe in steam plants 
does not appear to change to any degree for as the first 
is decreased by the use of large capacity units, the otiier 
has been falling because of the betterment of efficiency. 
In many instances the necessity of maximum capacity 
has been the compelling motive in the deagn. 

High Pressures. The wider use of steam at 1200 to 


1400 lb. has been conspicuous during the past year, 
and following the successful trial of these pressures in 
stations equipped with 300- to 400-lb. boilers for the 
major portion of their steam supply, plants are now 
xmder construction in which the entire, steam output 
will be generated at high pressure and passed through 
high-pressure cross-compotmd turbines. The high- 
pressure turbines, lis well as high-pressure boilers in 
this coxmtry, have been satisfactoiy adaptations of 
previous turbines and boiler designs. Both impulse 
and reactidn type turbines are being used with high- 
pressure steam. Straight tube and bent tube boilers 
se^ suitable for high-pressjm'e steam generation to 
American designers, but in Europe, theAtmos, Benson, 
Schmidt-Hartmann, aifd Loeffler boilers, of radically 
. new design, have been developed to overcome the sus¬ 
pected problems of steam generation at high pressures. 
Forged steel drums are employed in this country for 
all high-pressure boiler construction. 

The necessity .of reheating the exhaust steam from, 
the high-pressure turbine, in, order to avoid excessive 
wetness losses, in the low-pressure turbine element, has 
led to a distribution of heating surface in the straight 
tube boiler setting in which the boiler surface itself is 
minimized, principally to provide a siifficient tempera¬ 
ture head for tiie convection type superheaters and 
reheaters, as well as to reduce the number and cost of 
high-pressure boiler parts. Quite extensive .air pre¬ 
heaters form a part of the high-pressure boiler setting, 
and in nearly all cases a high-pressure economize is 
also included. 

The list of high-pressure steam stations now Includes 
plants at Boston, at Holland, South Amboy, and Deep¬ 
water in New Jersey, at Milwaukee, BSansas City, and 
San Francisco. Two “combustion stfeam generators” 
at the Philip-Car^ ^Manufacturing Company, at 
LocMand, Ohio, wilhbe used shortly to produce steam 
at 1840 lb. gage, the higheSt steam pressure developed 
to date in large boilers in this country. Both stoker 
and pulverized fuel firing are being used under high- 
pressure boilers. 

Steam Temperatures. The limit of steam tempera¬ 
ture for power generation in this country appears to be 
around 750 deg. fahr., although turbine guarantees can 
be obtained for temperatures up to 800 deg. fahr. 
Valves and piping can be made for higher temperatures, 
and alloy steefe are available for supm^heater construc¬ 
tion that will give a steam temperature measurably 
higher than present practise. The unavofdable pres^ 
sure and thermal stresses, and the “creep” of metals 
under high temperature and stresses appear to be 
inhibiting any material mcrease in the working 
temperatures. 

Large Boilers. Boilers are now being built to supply 
as Auch qs 80p,000 lb. of steam per hour, as illustrated 
by the new boilers for the East ISver Station in New 
York. These boilers will be of the bent-tube A^type , 
setting, fired with pulverized coal, and will generate 
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steam at 425 lb. per sq. in. and 725 deg. fahr. A 
decidedly novel airangement of two separate boiler 
sections, each composed of a standard bank of horizontal 
tubes and vertical headers and placed over a common 
pulverized coal-fired furnace, will have a maxinr uiTn 
combined rating of the same capacity in the Hell Gate 
plant in New York. Boilers having normal continuous 
capacities of 300,000 to 450,000 lb.* of steam per hour, 
fired either by stokers or pulverized coal, are no longer 
really notable. The size of riveted boiler drums was 
raised to a diameter of 72 in. during the pa^ year, and 
are being built fo> pressures up to 475 lb.*per sq. in. 
The problem of pnming and of water level control at 
high capacity ratings seems to be leading to an increase 
in boiler drum volxime. ’An interesting example of 
this is the cross-drum boiler inst^lation being made in a 
San Francisco plant where the main drum will be 72 
in. in diameter and 40 ft. along, and above which, 11 
ft. higher, a supplementary diy drum 36 in. in diameter 
is being mounted; the two 2225;hp. boilers in the plant 
.will be fired with fuel oil and will be subjected to widely 
varying steam demands, with the expectation of being 
able to assume a 35,000-kw. turbine load suddenly 
applied. 

CombmUon Practises. The protection of furnace 
walls, through cooling of their exposed surface by water 
or steam elements connected to the boiler circulation, 
has probably been of increasing application. Instances 
of the virtual exclfision or absence of the ordinary 
types of refractories from the wall§ of both stoker and 
pulverized coal fired furnaces appear to be multiplying. 
Metal cooling of the fqinace walls seems to be practi¬ 
cally n^essary when any appreciable heat recovery is 
affected by air preheaters; but its chief advantage lies 
in the possibility^of higher ratings with decreased fur¬ 
nace wall maintenance. Water and steam cooled walls 
have been developed in several Tiypes with varsdng 
^ amounts ofTnetal and refractory ekposure to the inte¬ 
rior of the furnace. » 

Recent development of underfeed stok^ has been 
directed towards an increase in coal burning capacity 
per foot of boiler width, principally through the 
lengthening of the coal feeding area by an extension 
of the retort zone. Stokers are being made up to 66 
tuyeres in length. Progress has been made also in 
adapting the rotary ash discharge type of stoker for the 
efiScient burning of low grade fuels in quantity. The 
requirements placed upon the modem* stoker have 
brought abopt the wider use of steel and parts machined 
and cast to spedfications not before justified. 

Probably the most noticeable trend in pulverized 
coal practise has been the increased use of mills deliver¬ 
ing their product directly to* the furnace, and the hori¬ 
zontal arrangement of burners. The pulverized method 
of combustion has been applied on a large scale.to 
almost every kind o£ coal commercially* av^lablp in 
this country. The initial cost of the requisite pulver- 
•ized fuel Equipment external to the furnace has been 


• 

reduced by placing the pulverizing mills adjacent to the 
furnace and by drying the coal in the mills during 
pulverization. Heated air from the flue gas air-pre- 
heater is ordinarily employed for mill di^ng although 
steam air-heaters are installed in some plants. The 
average size of boilers fiired by the unit sjretem appears 
to be increasing.. Horizontal firing has been used with 
both the bin and unit mill systems, being particularly 
convenient with unit mill layouts. Horizontal and 
vertical firing are being employed together in the same 
furnace. Horizontal burners having relatively large 
coal capacity lend themselves to the use of forced 
draft which must be employed for the maximum of 
turbulence. * 

Turbulent firing and extensive metal cooling of the 
furnace walls appear to be effecting an* increase in the 
maxim^ rates of heat liberation in recently con¬ 
structed furnaces. Two years ago, 16,400 and 21,800 
B. t. u. per cu. ft. of furnace volume per hr. represented 
the most frequent maximum heat lijjeration for bin and 
unit fired furnaces respectively. The newest fxir- 
naces installed in the Cahokia, St. Louis, plant develops., 
a maximum rate of 26,700 B. t. u.; the recent Hell Gate 
furnaces, in New York, 36,000 B. t. u.; and the last 
installation at the Charles R. Huntley Station in 
Buffalo, a liberation of 37,900 B. t. u. per cu. ft. per hr. 

The “slag bottom” furnace is one of the recent 
novelties in pulverized fuel practise, consisting, cjf, a 
furnace with a fiat uncooled bottom on which the 
ash collects in a molten state. The liquid slag is tapped 
out at intervals into a stream of high-velodty water 
that shatters and disintegrates it into small particles 
that can be handled hydraulically. 

Tubbo-Gbnerator Installations 

Previous records for size of angle-element turbine^ , 
were exceeded in the 76,000-4cw. capacity units installed 
in the plants at St. Louis and Buffalo. The Cahokia, 

St. Louis, unit is an 1800-rev. pa* min., 60-cycle 
machine, operating on steam at 316 lb. and 725 deg. 
fahr., while the Buffalo imit is a 1500-rev. per min., 
26-cycle, 275-lb., 689-deg. fahr., machine. Steam is 
expanded in these turbines from the throttle pressure 
direct to the exhaust vacuum. 

The 160,000-kw. tandem-compoimd machine that 
is being installed in the East River station in New York 
will embrace both the largest tandem-compoimd 
turbine and the largest single generator ever built. The 
tyrbine will be supplied with steam at 400 lb. and 760 
deg. fahr. The generator is a three-phase, 26-cycle,* • 
11,400-volt machine operating at 1500 rev. per minute. 
This generator will have two stator windings, the cir¬ 
cuits of which are entirely separate and coupled only 
by tlje mutual reactance between them. The windings 
will be connected to separate bus sections whose only 
tie normally will be through the transformer action of 
the two generator windings. Smaller dreuit breakers 
may be used with this arrangement, and it is predicted 
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that the effect of short-circuits on either bus will be 
minimized by the absolute synchronism between the 

two busses. , 

Two record breaking two-element, cross-compound 
turbo-generators, of 160,000-kw. capacity each, have 
been recently installedrin the Hell Gate plant m New 
York City. Each unit consists of a .single flow high- 
pressure element and a double flow low-press^e ele¬ 
ment. The throttle steam conditions are 265 lb. and 
611 deg. fahr. The 137,500-sq. ft. two-pass horizontel 
surface condensers serving these turbines each consist 
of two separate condenser shells and tube nests, with 
a common central water box horizontally divided for 
inlet and outlet condensing water placed between the 
two halves. One-half of the double condenser is solidly 
attached to one exhaust nozzle of the low-pressure 
turbine, while the other half is flexibly connected to 
the corresponding nozzle. 

The 208,000-kw. three-element cross-compound 
machines for the,State Line Plant near Chicago, 
announced some two years ago, still remain the largest 
units in total capacity developed to date. 

Generator Voltages and Speeds 
* There was an advance in voltage of large generators 
when the 94,000-kw., 1500-rev. per min., 16,500-volt 
unit went into service in the Long Beach Plant * 
of the Southern California Edison Company. This 
vdtage is now exceeded in the 55,000-kw. turbo-genera¬ 
tor in the Peldn, Illinois, plant of the Super-Power 
Cbmpany, that operates at 22,000 volts and 1800 rev. 
per min. In England, a 25,000-kw. 80 per cent power 
factor, 3000-rev. ^er min. machine, that generates at 
at 33,000 volts, has been recently put into service in the 
new Brimsdown plant, and is believed also to represent 
the highest capacity developed to date above 1800 
fev. per min. In this coiintry the 12,500-kw. 80 per 
cent power factor generators, driven at 3600 rev. per 
min. by the 1200-lb turbines, mark the peak capac¬ 
ity produced to date in machines operating at speeds 
above 1800 rev. per min. 

Survey op Excitation Practisb in Electric Power 
Plants 

A survey has been made of the excitation layouts in 

Relative 

Design feature application 

Excitationvoltage of 230-250. 100 per cent 

Systems individual to a generator. 93 per cent 

Individual systems with transfer bus to • 

spare excitation capacity (non-auto¬ 
matic change-over). 81 per cent 

Individual systems having battery spa»e. 27 per cent 
Individual systems using motor-gen. ex¬ 
citers driven from shaft generators.... 11 per cent 
Individual systems using subexcitation of • 

exciters. ^ .i!». 

Installations usiijg shunt windings on 

main exciters. per cent 

Installations omitting main field rheostats 50 per cent 
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some 26 modem large central stations, the majority of 
which have been in operation less than five y^. 
The gener^-ting units in these stations range in individual 
capacity from 12,500 kw. to the largest yet operated. 
The frequency of application of the salient features of 
excitation layouts is shown by the follovang tabulation, 
which, though not including all modem stations, 
yet is believed to,be representative of present day 
practise. 

Survey of Auxiliary Drii^ Practise in Electric 
• Power Plants • 

Present practise with regard to Auxiliary drives has 
been summarized below from.the data obtmned from a 
list of some 21 modem central stations, m which the 
generators range in individual capacity from 12,500 
kw. to the largest yet operated. Motor drive for 
auxiliaries is used in practically all cases, however, the 
installation of a steam driven boiler feed pump for 
starting and reserve purposes appears to he univer^l 
In approximately one-half of the stations each tiirDO". 
generator and its corresponding essential au»lian^ 
form a station operating unit. The sources of auxil¬ 
iary power are shown by the following tabulation. 

Source oE auxiliary power Relative use 

Transformers ahead of generator switc.h. . 22 per cent 

Generators on main unit shaft.. . 22 per cent 

Installations of house turbines. 39 per e®*!* 

Transformers on busses or supply from 
other stations (duplicate sources in 
above cases)... universal 

Survey op Hazards to Service JIeliability in 
Modern Generating Stations 
Special hazards.A>f major importance prominent 
recently in hydroelectric, plants include the failure of 
high head penstocks in plants that were designed and 
constructed»some years ago. Over-voltage upon sud¬ 
den loss of load at hydroeleotric stations supplying 
transmission lines seems to be ofincreasing aggravation 
with the transmission of large blocks of power at high 
voltages. In steam plants, turbine blade failures and 
generator winding bum-outs still continue to be re¬ 
ported, notwithstanding the intenave r^areh and 
improvement that has been accomplished in the selec¬ 
tion and fabnication of materials. 

Fires resulting from the failure of oil-filled equipment 
such as circuit breakers, regulators, and t^nsformers, 
are probably the most common and serious hazard. 
Extensive damage is reported in switch hoi^ due to 
the spreading of vapors arising from short circuits and 
faults to ground. The possibility of a bus short circuit 
and the resulting effects on system stability appear to 
be*bf vit»l copcem in the design layout of the generator 
and* transformer facilities in modem stations of large 
capadty. • • 
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Automatic Reclosing of High-Voltage Circuits 

BY E. W. ROBINSON^ and S. J. SPURGEON' 

Non-member Non-member 

Sytiopsis^ — The'experience of the Alabama Power Company with cycles are recommended hut instead, ihip paper deals with various 
the reclosing of high-voltage circuits covering numerous installations typical applications of high-voltage reclosing oil circuit breakers 
on SS-, 44~t und 110-kv. circuits is described. No definite reclosing on the Alabatna Power Company system. 


Introduction 

LABAMA Po^er Company operates over a wide 
expanse of territory wWe the load density is gen¬ 
erally low. About 1^2 a large expansion program 
started which immediately dfeveloped the desirability of 
more primary substations, where the 110-kv. system 
might be tapped and voltage reduced to 44 kv., and of more 
switching stations where the existing 44-kv. lines might be 
interconnected. The cost of attendance at these primary 
substations and switching stations intervened, however, 
as a serious obstacle and brought about an active interest 
in automatic reclosing switching equipment which might 
allow the substitution of a daily or weekly inspection, of 
such stations for continuous attendance. 

General Discussion 

No suitable reclosing relays or devices were commer¬ 
cially available at the time so, the Power Company 
started a series of experiments and developments which 
resulted in 1922 in the application of a reclosing device 
to a standard 50-kv. oil circuit breaker controlling a 44- 
kv. f^der. This device is of interest as being a self- 
contained mechanism iildluding a motor-driven breaker 
operating device, reclosing relay, and lock-out relay. 
It required a minftnum amount of power, could be oper¬ 
ated from any available a-c. or d-c. source, and was ap¬ 
plicable to any standard breaker by. minor alterations. 
As originallji built, the intervqj iJetween breaker opera- 
•tions was approximately one minute, and the device 
could be set to lock-out after one, two, or three reclo¬ 
sures. Considerable nunjbers of each of several types of 
reclosing installations Kkve been put in service and it is 
interesting to note than in 1928 all t 3 T)es showed better 
. than 85 per cent of correct operations, and the two 
preferred t 3 T)es in excess of 95 per cent. 

On the Alabama systan. there was originally a uni¬ 
form period of one minute between breaker operations. 
Experience showed that this was satisfactory and sub¬ 
sequently the initial interval was reduced to 45 sec. 
and in some‘cases to 30 sec. Later intervals wwe also 
reduced in some instances to 45 sec. Originally, two 
redosur^ before lock-out were provided for, and this 
schedule has been followed consistently. Two reclosures 

1 . Both of Alabama Power Co. 

Presented at the Regional Meeting of the Southwest District of the 
A. I. E. E., Dallas, Texas, May 7-9, 1929. Qompiete coffies 
upon request. * • 


gave ample time for the controlled line to be restored to 
service, if this were possible, and there seemed to be no 
valid argument for a greater number, as it was extremely 
unlikely that a line would prove to be bad on two trials 
and good on the third, while on the other hand, a larger 
nximber of reclosures prolonged systen* disturbances 
vastly increased the duty on the breakers and resulted 
in increased cost of maintenance and inspection. 

The engineers of Alabama Power Company have not 
been impressed with the necessity nor desirability of a 
standard reclosing cycle for high-voltage breakers. In¬ 
stead, they have preferred to treat each case sejiarately, 
taking into accoimt the character of the controlled line, *• 
peculiarities of the load supplied, possible short-circuit 
duty on breaker, rupturing capacity of breaker for 
various duty cycles, and class of service to be main¬ 
tained. In most instances the redosing cycle is adjust¬ 
able and in fact is changed from time to time depend¬ 
ing on operating conditions. With proper considera¬ 
tion given these factors, satisfactory applications will 
result. This is borne out by the experience of Alabama 
Power Company where, in a six-year period, there have 
not been in excess of two failures of reclosing high-volt¬ 
age breakers which might possibly have been avoided 
had the substations where these failures occurred been 
attended and breakers non-reclosing. 

A better conception of the application of reclosing* 
high-voltage breakers on the Alabama Power Company 
system may be obtained from brief descriptions of vari¬ 
ous typical installations. Therefore, descriptions and 
illustrations are included for one or more examples of 
each of the following typical applications of automatic' 
reclosing high-voltage oil circuit breakers. 

a. , To plain radial feeders—44 and 110 kv. 

b. To 44-kv. networks fed from one source. 

c. To 44-kv. networks fed from several sources. 

d. In conjunction with specially designed accessory 
s^tching equipment. 

These examples follow. 

• ^ 
Radial Feeders— 44-Kv. and 110-Kv. 

The application of automatic redosing switches to 
radial feeders is tile simplest and most common of all 
the applications. This type of installation is applied 
on adarge number of substations on the Power Com¬ 
pany’s system, but because pf the ^implidty of the ap¬ 
plication, will not be described here. • No unusual main- 
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teoance problems have been encountered on radial the Blocton Loop in case of pemian^t trouble. Tran- 
feeder redosing breakers. sient disturbances are not considered as they r^ult in 


44-Kv. Network Fed prom One Source 
The application of reclosing breakers to networks fed 
from one source prints a more difficult problem, 
especially when various switching stations are remotely 
located with respect to the source of power and attended 
stations. The application becomes even more difficult 
when it is desired to isolate automatically trouble in 
relatively small sections of the entire network. A good 
illustration of this type of network is the Blocton Loop 
shown in Fig. 1. This network feeds a great many 
important customers distributed over a large area. The 
network is tied together with reclosing oil circuit break¬ 
ers and numerous automatic sectionalizing switches 
speciallydesignedforthepurpose. Thesecircuitt)reakers 
and automatic sectionalizing switches are so arranged 
and timed that trouble in sections A, B, C, D, E, F, G, 
or H is isolated automatically from all the other sections 
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Fig. 1—^Blocton Loop Automatic Switching Scheme 

of line and service restored to all the network except the 
sectionin trouble. The particular type of automatic sec¬ 
tionalizing switch used in the Blocton Loop network is 
designed to reduce the number of automatic reclosing oil 
dreuit breakers necessary to secure complete sectionali- 
zation, thereby decreasing the initial installation cost. 
These switches are essentially spring-actuated auto¬ 
matic gang-operated air-break switches. Each phase in¬ 
cludes a hi^-voltage solenoid connected through an in- 
- 'sulating member to an inverse time-limit drcuit-closifig 
relay. Theseswitches operateinconjimction with special 
liming relays. Their function is to open a line automat- 
i<^y after it has carried excess current momentarily a 
given number of times within a given period of tiirto 
They are so design^ that they cannot open ordina¬ 
rily when the line is energiSed, though in some cases it 
is necessary to add ’ow-voltage relays to make this 
positive. 

The following examples describe the functioning of 


no permanent derangement of the loop. 

./fuming trouble in Section A, (Fig. 1,) automatic 
reclosing oil circuit breakers 3464,1318, and 4450 open. 
This "notches up" the timing relays and starts a timing 
cycle on the automatic sectionalizing switches 1369 and 
4491. In one minute, all three of the above mentioned 
oil circuit breakers reclose and open again immediately 
and the timing relays on switches 1369 and 4491 
"notch up" again and start a new timing cycle. After 
another minute has elapsed, oil circuit breakers 3464, 
1318 and, 4450 again reclose and again open imme¬ 
diately. The timing relays, on switches 1369 and 4491 
then "notch up" the third f^e, dose thdr trip contacts 
and start a new timing cycle. When the trip contacts 
on the timing relay on switch 4491 are dosed, the trip 
circuit is completed through an undervoltage relay 
connected to a 44,000/110-volt potential transformer, 
and the switch opens.- Breakers 3464, 1318 and 4450, 
which are set for three redosures (four openings) bdoie 
lock-out, then redose. Breaker 3464 opens immedi¬ 
ately after redosing the third time, and locks out, 
isolating Section A. Service is then restored to all 
other sections through oil circuit breakers 1318 and 
4450. Switch 1369 does not open since oil circuit breaker 
3474 does not open during the sectionalization and 
consequently there is always potential on the line be¬ 
tween breaker 3474 and switch 1369, thus keeping the 
trip dreuit of 1369»open at the contacts of an under¬ 
voltage rday. 

All the automatic sectionalizing switches in the 
Blocton Loop have in their operation a certain d^- 
niterelation to the terminal oil circuit breakers, and since 
each of them opiate similarly to sectionalizing switch 
4491 treated aboyg, no further description of their 
detailed operation is mqde. The total loop is divided 
into relatively small sections and when a section of line • 
is in trouble it is readily sectionalized and located. 

While this loop is fed from Bessemer and Lock 12, it is 
considered to have one source of ^power supply as there is 
little chance of the two stations being out of synchronism 
and no provision is made for automatically checking 
synchronism either at Bessemer or Lock 12. 

44-Kv. Network Fed prom Several Sources 

The application of reclosing breakers to networks fed 
from several Sources is complicated by the necessity for 
automatic s 3 mchronizing or synchronism checking. 
Two good illustrations of this type of network are shown 
in Figs. 2 and 4. 

The Alabama-Mississippi network shown in Fig. 2 
has three sources of power,—Gorges, Haleyville, and 
West Point. The power that can be furnished the 
network from West Point is not sufficient to cany 
mflch load in Alabama and the normal power flow is 
froA Alabama to Mississippi, ^he chief sources of 
power are from HalesrviUe and Gorges. " • 

This network has three special features, all of which 
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are necessary for a complete automatic switching are in synchronism. Momentary restorations of volt- 
scheme of this kind. These spedal features consist age across breaker 6122, due to operations of breaker 
of an automatic synchronizing device for th^ control 7858 during trouble, do not affect the timing cycle of 
of breaker 1982 at West Point, synchronism check the timing relay nor the functioning of the synchro¬ 
devises at Brilliant on breaker 7858 and at Haley- nism check scheme on breaker 5122. All breakers in 
ville on breaker. 6122, and a special timing relay at this network are normally dosed. 


Haleyville on switch 5122. The automatic synchro¬ 
nizing device at the West Point Substation will close 
breaker 1932 only when there is potmitial on both the 
bus and line terminals and then only when both systans 
are in synchronism. 

The ssmchronisnp check schemes at Brilliant and 



Fig. 2—^Alabama-Missibsippi Automatic Switching Schhmb 

Haleywille on breakers 7858 and 5122 consist of a num¬ 
ber of relays which allow the breakers controlled to 
close Pnly when the two sources of power are in syn¬ 
chronism, for a period of several seconds. There are 
other relays used in connection with the synchronism 
check schemes wlpch automatically select the breaker 
across which sync^onism is to be checked. For exam¬ 
ple, if for any reason breakers 4058 at Gorgas and 7868 
at Brilliant open, breaker 7858 ddhs not redose rintil 
.after breaker 4068 at Gorg^* recloses. This scheme 
then allows synchronism to be*checked across breaker 
7858 at Brilliant. If, however. Section B* is deeno-- 
gized by the opening of.¥>reakffl-s 7868, 5122, and 1932, 
breaker 7858 becomes automatic redosing and syn- 
chronidn is then checked across breaker 6122 at Haley¬ 
ville. The synchronkth check scheme on breaker 6122 
is further controlled by a timing relay which is the third 
spedal feature mentioned above. The function of the 
timing relay is to prevsnit breaker 5122 from redosing 
until breaker 7868 has restored power to the Brilliant 
side of breaker 6122, or until'breaker 7868 has locked 
out because of trouble. This timing relay is set to 
operate for four minutes before dosing its contacts. 
The dosing of the timing relay contacts makes breako* 
6122 full automatic redosing. If, however, permanent 
potential is established on the Brilliant side of breaker 
5122 before the four-minute timing cyde of the timing 
relay is completed, tlie timing cycle is tewniE&ted un- 
mediatdy and the synchronism check scheme func¬ 
tions to dose breaker 5122 if the two sources of power 


Assuming a permanent case of trouble occurs in 
Section A automatic redosing oil circuit breakers 4068 
and 7850 opens and clear the trouble. After one min¬ 
ute, breaker 4058 redoses, but opens automatically 
again immediately. It then redoses again after one 
minute, opens, and locks out. This isolates'Section A, 
as breaker 7858 does not reclose, being prevented from 
so doing by the synchronism check scheme, on account , 
of lack of permanent voltage on the Gorgas side. Had • 
voltage been restored, breaker 7858 would4iave redosed. 

Assuming temporary trouble occurs in Section B, 
breakers 1932, 7868, and 5122 open. Breaker 7868 
doses in one minute and restores service to Sections 
C and B. Breaker 1932 then synchronizes and closes 
immediately. The timing cycle oif breaker 6122 is 
terminated as soon as permanent voltage is established 
from Brilliant. The synchronism check scheme then •• 

Locar fz 



Fig. 4—^Montgombrt Automatic Switching Schbmb 


checks synchronism and doses breaker 5122, thus re¬ 
storing the network to normal. In case of permanent 
trouble in Section B, breakers 1932, 7868, and 5122 
open. Breaker 7858 recloses and opens twice and locks 
put on the third opening. The timing rday on breaker* 
5122 completes its four minute timing cyde and at the 
end of that time breaker 6122 becomes straight redos¬ 
ing and locks out after the second redosure. Since 
breaker 1932 does not syndironize on a deenergized 
line, Ihe trouble is isolated. 

Assuming trouble in Section C, breakers 7868 and 
1932 opdi. If the fault is temporary, breaker 7868 
recloses and breaker 1932 ssmchronizes and do^. 
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If a permanent fault, breaker 7868 locks out after the 
second reclosure (third opening) and breaker 1932 does 
not close until potential is again reestablished from 
Brilliint. * 

The Montgomery automatic switching scheme shown 
in Fig. 4 emplo 3 ?B the synchronism check sdieme and 
a timing relay similar to that installed at Haleyville 
on breaker 5122, but is much more complex. Almost 
the entire Montgomery load is carried through the gas 
plant substation. 

Montgomery is normally served from Upper Tal- 
lassee and the Montgomery Primary Substation. All 
breakers in the network are normally closed except 
breaker 2808 at Montgomery which is not closed except 
in emergencies. 

Breakers 8666 and 8646 at Upper TaHassee^open for 
trouble on lines designated as Sections A and B. 
Breakers 2836 and 2816 are automatic reclosing and 
lock out after the second redosure (third opening). 



.If for any reason potential fails on both the lines from 
Upper Tallassee, breaker ^204, which is non-reclosing, 
opens on reverse power. The primary substation will 
then carry the 11-kv. load in Montgomery. When 
breaker 3204 opens, the 44-kv. bus is deenergized and 
breaker 2808 closes after a few cycles and breakers 
2836 and 2816 both open, if not ^eady in the open 
ppsition. These provisions are made for isolating the 
power supply from the primary substation, since the 
entire load of Montgomery cannot be carried from that 
soxirce and the source of power from Lock 12 through 
Vida is not adequate to carry the Montgomery lo§d 
and the load on all the 44-kv. feeders. When potential 
is again restored to the Upper Tallassee side of breakers 
*’2836 and 2816, they again reclose. All switching at 
Montgomery is brought to the attention of the local 
organization through a signal system, and after the 
automatic switching as described above is performed, an 
operator goes to the station, closes breaker 3204 and 
opens breaker 2808, ^us restoring the station to normal. 

Any trouble in. the transformer bank at the Gas 
Plant. Substation is cleared by breaker 2844, which 


locks out after the second redosure (third opening) 
and breaker 3204, which is non-reclosing. 

A fault in Section C is isolated by automatically re¬ 
closing breakers3222and 8906. Breaker 8906 is equipped 
with a synchronism check scheme and a timing relay as 
explained in the above discussion. Ordinarily, if not 
intofered with by the s 3 mchronism check scheme or 
timing relay, breaker 3222 closes in one minute. If 
the fault is temporary, the four-minute timing cycle 
of the timing rday on breaker 8906 is terminated as 
soon as permanent voltage is established from the gas 
plant substation. The synchronism check scheme 
then checks ssmchronism and breaker 8906 doses, thus 
restoring the network to normal. If the fault is per¬ 
manent, breaker 3222 locks out after the second re¬ 
dosure (third opening). The timing rday on breaker 
8906 then completes its four-minute timing cycle, and 
at the end of that time, the breaker becomes straight 
automatic reclosing and locks out after the second 
redosure (third opening). It is noted that breaker 
3222 opens on overload toward the primary substation. 
This breaker is set to open at a higher kv-a. and longw 
time than breaker 8906 for a power flow toward the 
110-kv. bus. This allows breaW 8906 to open in ad¬ 
vance of breaker 3222 in case the 110-kv. line is de- 
enM-gized or when trouble occurs in the primary sub¬ 
station. Under these conditions, breaker 8906 does 
not reclose until power is again applied to the 110-kv. 
line, and then only after synchronism is checked. 
Breaker 8906 is opened also by overload relays set for 
relatively high kv-a., and operates only when there is 
trouble in Sectiofl C. * ’ r 

When trouble occurs in Section D, breaker 1810 opens 
on ovCTload. Breaker 2808 immtsiiately doses on 
failure of potential on Section D. 'If trouble is only 
temporary, power- is restored by breaker 2808, and in 
one minute, breaker 1810 recloses. An operator then 
goes to the Montgom^ gas plant substation and* 
opens breaker 2808 to r^tore the system to normal. If, 
however, trouble persists after the first and second 
redosure, then both breaker^ lock out after their 
second redosure (third opening) and the trouble is 
isolated in Section D. 

When trouble occurs in Section E, breaker 104 opens 
and dears the trouble.. This opens breaker 1814 on 
failure of voltage. Breaker 2808 then closes and 
restores SMwlce to Sections D and F. 

When trouble occurs in Section F, the sapie operations 
take place as when trouble occurs in Section E, but the 
operator at Lock 12 is able to restore service to Section 
E when breaker 1814 opens upon failure of bus voltage. 
When breaker 2808 closes; it provides a new source, so 
that breaker 1810 may open three times and lock out, 
leaving Section D supplied through breaker 2808. 

^ ^ . _ 

None of these extensive applications of reclosing 
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breakers has developed any particular or fundamental 
difficulties in reclosing high-voltage circuits. * 

In Conjunction With Specially Designed 
. Accessory Switching Equipment 

The use of* automatic reclosing high-voltage oil 
circuit breakers in conjunction with specially designed 
accessory equipment is common on 4he Alabama Power 
Company and affiliated systems. Mg. 6 covers an 
interesting application at Gulfport, Mississippi. 

The automatic switching scheme described includes 
three distribution’^bstations,—Gulfport, Edgewater 
Gulf Hotel, and Biloxi,—with two lines connecting 
Gulfport and Biloxi as sho^ in Fig. 6. The source of 
power is Gulfport and the netwqfk is designed to elimi¬ 
nate interruptions to Edgewater Gulf Hotel and Biloxi 
so far as possible. The loop is normally closed at 
Biloxi through the two transformer banks and their 
low-voltage automatic reclosing breakers 1372 gTi 4 ^ 
1352. A transfer bus at Biloxi allows Pascagoula to 
be served from either the “back” or “front” line 
through the gang-operated air-break switches 1203 or 
1223. Normdly, switch 1223 is open and switch 1203 is 
closed. The line to Pascagoula is equipped with auto¬ 
matic sectionalizing switch 1249, which isolates trouble 
on that line after the “back” line terminal breakers 
1352 and 1082 have opened twice within a one and 
one-half minute period. 

Assuming a permanent case of trouble on the “front” 
line, both the automatic reclosing*oil circuit breakers 
1072’and 1372 act as straight automatic reclosing 
breakers, which lock out after the second reclosure. 
When a permanent fault occurs on the line to Pasca¬ 
goula, the same •automatic switching takes place as 
when trouble occqjrs on the “back” line except that the 
automatic sectionalizing switch 1249 isolates tiie trouble 
after the second opening of brfelfers 1082 and 1852 
.and service is restored to the* “back” line by the re¬ 
closing breakers 1352 and 1082 after whicl^ the Edge- 
water Gulf Hotel is transferred to the “back” line as 
previously explained. • 

, Conclusions 

There is nothing experimental about automatic re¬ 
closing of high-voltage circuits. Selection of breakers 
and choice of reclosing duty nycles should be made 
separately for each application, based on the various 
factors outlined. Highly reliable redosing relays or 
reclosing dei^ces are now available from various manu¬ 
facturers. While with automatic reclosing of circuits at¬ 
tendants at stations and substations become unecessary, 
extremely careful and regular inspection and main¬ 
tenance of breakers and reclosing equipment is essential; 
in fact vastly more important than in the case of 
attended stations or substations. Even at points where 
attendants are stationed, it is sometimes ecdhomic^ 
and desirable to install reclosing equipment, either* to 
improve seimce or to reduce attendance. 


CORRESPONDENCE 


To the Editor of the JOURNAL: 

In the paper on Electrification of Oil Pipe Lines in the 
Sovihwesl, by D. H. Levy, published in the Journal of 
the A. I. E. E., June 1929, p.434, ft is stated that squirrel- 
cage induction motors are used for driving the cen¬ 
trifugal pumps in all cases, and that if there were a 
powOT-factor penalty the use of static condensers would 
be justified in most cases. 

^ The paper describes the electrification of six pipe 
lines, each several hxmdred miles long, and with about 
300-kw. average load for each of the stations tabulated. 
Evidently, many of the motors are over 50-hp. 
Synchronous motors of such sizes are suitable for 
driving «centrifugal pumps in many cases. Since static 
condensers cost from $15 to $25 per kv-a., and since 
synchronous motors of the sizes considered cost only 
about $1 to $8 per kv-a. more than induction motors, 
it would appear that if there is a poiVer-factor penalty, 
synchronous motors should be seriously considered 
instead of static condensers, for new installations. 

A useful basis of comparison, where the synchronoiiS' 
motor is to operate in parallel with other induction 
motors, is to take on the one hand an 80 percent power- 
factor synchronous motor, and on the other hand an 
induction motor with a static condenser of the same 
kv-a. rating as the synchronous motor. These ^ghfe 
practically the same improvement in system pow^ 
factor. This is shown as follows: An induction motor 
of 100 kw. has about 50 kv-a. magnetizing reactive 
kv-a. (lagging). An 80 per cent power-factor S 3 m-. 
ehronous motor of 100 kw. has a rating of 125 kv-a., and 
takes 75 reactive kv-a. leading. The difference between 
the synchronous motor and the induction motor is,, 
therefore, equivalent to 125 reactive kv-a., leading, and 
this is equal to the rating of the synchronous 
motor. 

It is to be noted that the synchronous motor is chiefly 
advantageous where the remainder of the load has a 
lagging power factor, or where the power-factor penalty 
is so described that it pays to operate with the power 
factor leading to some extent. 

To supply a large number of motor-driven pump 
stations, scattered 30 or 40 miles apart, as described 
for the pipe lines, is to a considerable extent a trans¬ 
mission problem, and the transmission costs are less for 
a high lagging power factor or a leading power factor. ^ 
If*one company owned both the power lines and the " 
pipe lines, so that the type of motor depended on the 
over-all economy rather than on the enforcement or the 
particular terms of a power-factor penalty clause, then 
S 3 mchionous motors would seem to be the logical 
choice for this application. ^ « 


H. B. Dwight 


Boston, Mass. 
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iNSirruTE AND Related AcTivrr 


The Pacific Coast Convention 

SEPTEMBER 3-6 

A technical program of diversified values* and the enjoyable 
recreation to be found at one of Califomia’s most famed seashore 
iresorts, are offered to those who attend the 1929 Pacific Coast 
"Convention at the Hotel Miramar, Santa Monica, Calif., Sep- 
-J:ember 3 to 6.. 

Mineteen papers are included in the general technical program, 
in addition to twelve Student technical papers. Sports, trips, 
and other entertainment are important features of the Conven¬ 
tion, a complete program of which was published in the August 
issue of the Journal, page 642. 


District Meeting in Chicago December 2-4 

A three-day District Meeting will be held by the Great Lakes 
District of the Institute in Chicago, December 2 to 4. 

Nineteen technical j;)apers have been proposed dealing with 
the general subjects of power stations, transmission and distri¬ 
bution, communication, and general research and development. 

A Student Session will be one of the important features of 
the meeting. 

Further details of the convention will be announced in the next 
issue of the Journal. 


World Engineering Congress Delegates to 
a, Visit Washington 

On their way to attend the World Engineering Congress at 
Tbkio, Japan, the major delegation of foreign and national en¬ 
gineers will arrive in Washington, Wednesday, October 2. 
O. C. Merrill, Chairman of the Entertainment Committee, has 
pequested L. W. Wallace, Executive Secretary, American 
Engineering Council, to form a reception committee composed 
of the presidents of the engineering organizations in Washington. 

Those who have already consented to serve on this committee 
are: Staor Truscott, President of the Washington Society of 
Engineers; W, B. Doying, Chairman of the Institute’s Washing¬ 
ton Section; Admiral H. I. Cone, representing the American 
. Society of Mechanical Engineers; E. W. James of the American 
Society of Civil Engineers; G. K. Burgess, of the American 
Institute of Mining and Metallurgical Engineers; and Charles H. 
Tompkins, Chairman of the Washmgton Post of the American 
Society of Military Engineers. The Japanese Ambassador is 
entertaining the guests of honor at dinner on the evening of their 
anticipated arrival, October 2. 


Illuminating Engineers to Me 
Philadelphia 

The program for the forthcoming twenty-third 
vention of the Illuminating, Engineering Society, . 
the Bellevue-Stratford, Philadelphia, September 2- 
some 25 papers by leading illuminating engineers < 
vital interest to all branches of the lighting art. Ai 
to the regukSl* convention program, elabora-te prep, 
been made for a pre-convention meeting September 
interested in lighting service, while another meetini 
mittee on Lighting Service will be hold the morning o 
September 25th. One entire session will be devol 
Golden Jubilee, commemol^ating the 50th annivei 
tion of the invention of the incandescent lamp b>; 
Edison. G. Bertram Regar, of the Philadelphia I 
pany, is Chairman of the Convention Executive Co 


Industry to Cooperate wil 
Electrochemists 

In conjimction with the fall meeting of the Amei 
chemical Society, to be held at Pittsburgh, Pa., Sep 
special trips will be arranged to the works of the 
Electric & Mfg. Company, Firth Sterling Ste 
National Tube Company, XJ. S. Aluminum Compa,: 
Light Company, Carnegie Steel Company, Pit 
Company, U. S. Light Storage Battery Compa 
Laughim Steel Corporation, Lustro Coated St€ 
Standard Steel Spring Company, National Caske 
The meeting will haVe a number of technical 
special sessions devoted to a symposium on **■ 
of Electrochemists to Aeronauticsr** “Electrotli< 
“Blectrodeposition.” Sight-seeing tours, golf, a 
program for the ladies have been carefully plann- 
There will also be an exhibit of recently fieveloi 
and electrochemical products. 


standards 


American Electric Railway Association 
Convention . 

SEPTCMBER aS-OCTOBER 4 

At the coming convention of the American Electric Railway 
"Association, at Atlantic City, September 28-October 4, inofu- 
fiive, the subject of ’’Today’s Transit Task” will be discussed by 
three of industry’s leaders, from the standpoint of general utility, 
improvement of cars and buses, and ’’ways of modermzing the 
human organization of local transportation companies.” Other 
subjects to be taken up will be trafdc regulations, education and 
training, small city prqblei^?} Bnd interurban and long-distance 
operation of buses. The brCad subject of ’’Progress” will 
include valuable discussions on the benefits of unified transpor¬ 
tation maintenance of motor buses, etc. 

Entertainment plans also are well formulated, with bridge, golf, 
and other attractions scheduled. ^ 

Reduced fares ai:e being offered by all railroads and special 
folders gt information in regard are being sent to all members. 




Three New American Standards 
Advice has just been received of the approval by 
Standards Association of three new standards 
Dimensions Governing Fit of Four-Pin Vacuum T% 
Arrangement of Terminals, the work of a Sectior 
on Radio under joint sponsorship of the A. I. ] 
Institute of Radio Engineers. This was approved a 
Tentative Standard July 26,1929. The other two 
Graphical Symbols for Telephone and Telegraph Us 
for Hydraulics- Both of these projects are the resiil 
of the Sectional Committee on Scientific and Eir^ 
bols and Abbreviations of which the Institute is o3 
sponsors. Both were approved as American Tenta* 
asof July 26,1929. 

Standards for Relays 

A subcommittee of the A. I. E. E. Standards C 
just been organized to develop A. I. E. E. Standa: 
TBis oouMnittee which will be known as Workii 
Nof*48 and will be under the chairmanchip of Georj 
Asst. General Superintendent of the New Yor] 
BleotricJLiight and Power Company will cover rel 
ing devices for the protection and control of appj 
ouits for the generation, transmission conversio. 
and utilization of electric power. The standards ^ 
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relays as applied to telephone, telegraph, tra£6.o control and simi-* 
lar devices. Work will begin actively early in the fall. 

American Standards for Electric Welding to be Developed 

^ A Sectional Committee on Electric Welding is now being or¬ 
ganized under the yules of procedure of the American Standards 
Association. This committee will have as the basis of its work 
the two A. I. E. E. Standards, Nos. 38 and 39, Electric Arc Weld¬ 
ing Apparatus and Resistance Welding Apparatus. The joint 
sponsors for the project are the A. I. E. E. and the National Elec¬ 
trical Manufacturers Association. 

Am rican Standard^ for Oil Circuit Rreakers aild for Dis« 
connecting and Hqrn*<Gap Switches to be Developed 

The joint sponsors, the A. I, E. E, and the National Electrical 
Manufacturers Association, are organizing a Sectional Committee 
under the rules of procedure of tKe American Standards Associa¬ 
tion to develop American Standards fo^ Oil Circuit Breakers and 
for Disconnecting and Horn Gap Switches. Because of the simi¬ 
larity of the two projects it is felt that the work can be most effi¬ 
ciently handled by a single sectional committee, divided 
into necessary subcommittees. The basis for the committee’s 
work will be the two A. I. E. B. Standards, Nos. 19 and 22. 


NATIONAL RESEARCH COUNCIL 


ADVISORY AID SOLICITED FROM ENGINEERS AND 
SCIENTISTS 

In a desire to interpret science graphically to the world at 
large with regard to the progress it has made during the last cen¬ 
tury, trustees of the Chicago World’s Fair Centennial Celebration 
planned for 1933 are enlisting the aid of engineers and scientists 
from all parts of the United States. The Research Council 
Science^Advisory Committee has been appSinted to cooperate in 
formulating a basic plan to adequately portray these advances 
to the public, all fields ef science and engineering being 
represented in the personnel of the committee appointed as 
follows: Doctor F. B. Jewett, Chairman, Doctor M. I. Pupin, 
Mr. R. F. Sehuchard, W. D. Ryan; Maurice Holland, Executive 
Secretary. These appbintments were made by Doctor George 
K. Burgess, Chairman of the Council. ^ « 

The committee wiU meet early in the^fajl to submit ideas to 
be coordinated into one central plar^for the Exposition, of which 
science will be a dominating feature. A. preliminary meeting has 
already been held to begin the work and outline fhe project. 
Members of the Executive Qommittee of the Advisory Board 
are: Doctor F. B. Jewett, Chairman; Doctor George K. Bur¬ 
gess; Gano Dunn; Doctor Vernon Kellogg; Doctor M. 1. Pupin, 
and Doetcfi William Allen Pusey. 
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COMMITTEE APPOINTED ON ENGINEERING AND ALLIED 
TECHNICAL PROFESSIONS 

With an aim to improving the status of the profession and im- 
covering new possibilities for the betterment of society, the 
appointment of a special committee to be known as the Com¬ 
mittee on Engineering and Allied Technical Professions, to 
direct such a study under the auspices of the American Engi¬ 
neering Council has been aimounced by President Berresford. 

This Committee will consist of H. C. Morris, retired miniTig 
engineer of Washington, D. C., Chairman; A. B. l^cDaniels of 
Washington, D. C., representing the American Society of Civil 
Engineers; Conrad N. Lauer, of Philadelphia, representing The 
Afiierican Society of Mechanical Engineers; and H. A. Kidder, 
representing the American Institute of Electrical Engineers; 


and L. W. Wallace, of Washington, Executive Secretary of the 
Coxmeil. Individual committees of the A. S. M. E., the 
A. I. E. E., and the Washington, D. C. Society of,Engineers will 
work with this joint committee, to “collect, tabulate, analyze, 
and disseminate information—and to give a clear conception 
along the various lines of endeavor. ’ * « 

As a result of the survey the Council hopes to be in position to 
give expert guidance in matters affecting the professions and 
contingent branches in both local and national relations. 


A NEW EDITION OP CONSTITUTION AND BY-LAWS 

Following the adoption of the revised and amended Constitu¬ 
tion and By-Laws of American Engineering Comieil at the meet¬ 
ing of the Assembly in January, 1929, Council has edited and de¬ 
livered the revised document for printing. 

The committee upon the final editorial revision of the amended 
Constitution is composed of: Gardner S. Williams, Detroit 
Engineering Society; James R. Withrow, Engineers Club of 
Columbus; and W. C. Lindemann, Engineers Society of 
Milwaukee. 

The booklet will be carefully indexed and will carry a 
list showing the geographical distribution of the member organi¬ 
zations of Council. Engineers interested may secure copy of the 
new edition by addressing the American Engineering Council, 
26 Jackson Place, Washington, D. C. 


A. E. G. PUBLISHES ROSTER 

American Engineering Council is having printed a roster of 
prominent engineers who have served as members of its Assembly 
since the organization of Council in 1921, This roster will be a 
6 X 9 in. booklet, of 48 pages and will contain brief professi^mi^ 
biographies of the 191 engineers who have at one time or another 
served as members of the Assembly of American Engineering* 
Council. 

The 1929 edition of the roster will contain^the biographies of 
many well-known men, among them W. L. Abbott, L. P. Alford^ , 
A. W. Berresford, William Boss, Mortimer E. Cooley, Alex Dow, 
Gano Dtmn, W. F. Durand, C. E. Grunslcy, G. H. Herrold, 
Herbert Hoover, F. L. Hutchinson, D. S. Kimball, Fred R. Low, 
Anson Marston, M. I. Pupin, E. W. Rice, Jr., Chas. M. Schwab, , 
G. T. Seabury, S. W. Stratton, Francis Lee Stuart, G. S. Wil¬ 
liams, James R. Withrow. Copies may be had by addressing 26* 
Jackson Place, Washington, D. C. 


A. I. E* E. Directors Meeting 

The first meeting of the Board of Directors of the American 
Institute of Electrical Engineers for the administrative year 
beginning August 1, was held at Institute headquarters, New 
York, on Tuesday, August 6^ 1929. 

There were present: President Harold B. Smith, Worcester, 
Mass.; Past-President Bancroft Gherardi, New York, N. Y.; 
Vic^I^esidents H. A. Kidder, New Yorli^ N. Y., and E. B. 
Merriam, Schenectady, N. Y.; Directors H. C. Don Carlos, 
Toronto, Out.; F. C. Hanker, Bast Pittsburgh, Pa.; E. B, Meyer, 
Newark, N. J.; J. Alien Johnson, Niagara Falls, N. Y.; A. M. 
MacCutcheon, Cleveland, Ohio; W. S. Lee, Charlotte, N. C.; 
J. E. Keariis, Chicago, IlL, and C, E. Stephens, New York, N. Y.; 
National Secretary F. LTHutchJnson, New York. 

The minutes of the Directors Meeting of June 26, 1929, were 
approved. 

A report was presented of the meeting of the Board of Exami¬ 
ners held July 31, and the actions^taken at that meeting were 
approved. Upon the recommendation of ihe Board of Ex¬ 
aminers, the following action was taken upon pending applica¬ 
tions: 22 Stu^ients were enrolled; 68 applicants were elected to 
the gaade of Associate; five applicants were elected to the grade 
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of Member; one applicant was elected to the grade of Fellow; 31 
applicants were transferred to the grade of Member- 

As provided in Sec. 22 of the Constitution, Messrs. H. D. Reed 
and H. H. Wait were made “Members for Life.” 

The Board ratified the action of the Finance Committee in ap¬ 
proving for payment nfbnthly bills for July amounting to 
$40,266.68, and for August amounting to $23,331.83. The J'uly 
disbursements included traveling expenses of officers and dele¬ 
gates in connection with the Summer Convention, atSwamp- 
seott. Mass., in June. 

Consideration was given to recommendations that had been 
made at a number of District conferences on student activities 
held in various parts of the country, that National or District 
officers visit the Student Branches annually or biennially, and 
to the recommendation of the Committee on Student Branches 
and of the Student Branch Coimselors in conference duriug the 
Summer Conveiftion in June that traveUhg expenses be paid at 
the usual rate for the Vice-Presidents to visit thj Student 
Branches, as well as the Sections (already authorized) within 
their Districts. The Board voted that the provision covering 
traveling expenses for Vice-Presidents for visits to Sections be 
amended to read as follows: “For each Vice-President of the 
Institute to one mee^g each year of each Section and each Stu¬ 
dent Branch within his Geographical District, it being under- 
stood that joint meetings of Sections and Branches will be 
arranged as far as may be expedient.” 

Carrying out the previous action of the Directors at the June 
meeting, in approving the recommendation made at the Confer¬ 
ence of Officers and Delegates held June 24, that. “Regional 
Meetings be hereafter referred to as ‘District Meetings* and 
that the By-laws be changed accordingly,’* Secs. 36 and 67 of the 
By-}fiws were amended by the substitution of the terms “District 
Meeting” for “Regional Meetings” and “District Meeting Com¬ 
mittees” for “Regional Meeting Committees.” 

The President announced the appointment of committees and 
representatives of the Institute for the administrative year be- 
, g innin g August 1, 1929. (A complete list of committees and 
representatives appears elsewhere in this issue.) 

In accordance with the By-laws of the Edison Medal 
Committee, the Board confirmed the appointment by the Presi- 
« dent of Mr. Samuel Insull as chairman of the Committee for the 
administrative year beginning August 1, arid of the following 
members of the Committee for terms of five years each beginning 
August 1, 1929: Messrs. L. W. W. Morrow, W. S. Rugg, and 
R. F. Schuchardt; and of Professor C. F. Harding to fill the un¬ 
expired term oi Charles F. Brush (deceased), ending July 
31, 1933. Also, the Board elected three of its own members to 
serve on the Edison Medal Committee for terms of two years each 
beginning August 1; namely, Messrs. J. Allen Johnson, W. S. Lee, 
and A. M. MacCutcheon. 

As required by the By-laws of the committee, the Board con¬ 
firmed the appointment by the President of Messrs. A. C. 
Blanker, H. P. Charlesworth, and C. C. Chesney as members of 
the Lamme Medal Committee for the three-year term beginjiing 
August 1,1929, and of Professor Charles F. Scott as Chairman of 
th^ committee for the coming year. 

Local Honorary Secretaries were appointed for terms of* two 
years each, beginniag August 1, to succeed those whose terms 
expired July 31,1929, as follows: Axel F. EnStrom, for Sweden; 
A. P. M. Fleming, for England; T. J. Fleming, for Argentina; 
P, H. Powdl, for Nev? Zealand; G^uido Semenza, for Italy; F. M. 
Servos, for Brazil. 

In connection with Resignation by the President (as authorized 
by the Directors in March) of Mr. H. A. Kidder for appointment 
a^ a member of the American Engineering Council’s Committee 
on Engineering and Allied Technical Professions, with the under¬ 
standing that he would become the chairman of an Institute 
committee on the same general subject if and when it seemed de¬ 


sirable to set up a separate Institute committee, the duties of 
which woilld include cooperation with the Council’s committee, 
the Board adopted a resolution authorizing the President “to 
appoint a Committee on the Engineering Profession, consisting 
of five or seven members, to consider and report to the Board of 
Directors upon various matters affecting the status of the en¬ 
gineering profession; one function of the committee to be 
cooperation with the American Engineering Council’s Committee 
on Engineering and Mlied Technical Professions.” 

Inasmuch as the new Committee on the Engineering Profession 
will cooperate with American Engineering Council’s Committee 
on Engine^^g and Allied Technical Professions, and as one of 
the subjects to be considered by the latter^ommittee is that deal¬ 
ing with the licensing of engineers, it w£te voted that the Special 
Committee on licensing of Engineers, which has been in 
existence for the past few years,^be discontinued and its former 
functions assigned to (he new Committee on Engineering 
Profession. 

An invitation from the American Society of Mechanical En¬ 
gineers to appoint two official delegates to participate in the ob¬ 
servance of the Fiftieth Anniversary of the Society In April 1930 
was accepted, and the President was authorized to appoint the 
delegates. 

It was decided that the October meeting of the Board uf 
Directors will be held in New York on Friday, October 18, and 
that the December meeting will be held in Chicago, during the 
Chicago District Meeting, December 2-4. 

Other matters were discussed, reference to which may be found 
in this and future issues of the Joubnal. 


Secretaries’ Fourth. Conference 

The Fourth Conference of Secretaries of Engineering Societies 
met June 6-7, in the club irooms of the Western Society of 
Engineers, Chicago, Ill.; E. S. Nethercut, Secretary of the 
Western Society of Engineers, i)resided. A. W. cBerresford, 
President of American Engineering Council addressed the 
conference, and was followed by L. Wallace, Executive 
Secretary, who explained briefly the history of American En¬ 
gineering Council’s participation in the Engineering Secretaries 
Conferences. •• 

C. R. Sabin reported that the Committee *on Standardiza¬ 
tion of Membership Requirements and Transfer of Membepr^ 
ship betwe^ Local Societies had prepared a questionnaire which 
was sent to the various engineering societies and that approxi¬ 
mately 26 societies had shown merest toward the standardiza- 
of membership requirements recommended by the previous 
Secretaries Conference. The conference felt greatly the need of 
an up-to-date list of engineering and allied technical societies 
of the United States and voted to request American Engineering 
Council to prepare as accurate a list as possible. Such a list 
will soon be published in the A. E. C. Bulletin. 

Following the report of the committee, the conference adopted 
the committee’s reconamended form for intersociety membership 
transfer. 

The report of Ernest Hartford, Assistant Secretary, Amer¬ 
ican Society of Mechanical Engineers, Chairman of the Com¬ 
mittee on Physical and Financial Relations Between the Local 
Sections of National Societies and Local Engineering Societies, 
gave many helpful suggestidns for methods of cooperation be¬ 
tween national and local engineering organizations. 

C. E. Billin, Chairman of the Committee on Participation 
tn Civi# Aff^s, presented the results of a questionnaire showing 
that practic^y all engineering soefoties felt that participation 
in civic affairs was both helpful to the society and the member¬ 
ship. The conference voted to recommend thaf'each engineer¬ 
ing organization appoint a standing committee on public affairs. 
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New Volume of Research Narratives 
Available * 

A third group of fifty Research Narratives was completed iu 
May. Requests for these Narratives iu book form haviug con- 
tiuued, a third volume was printed for delivery about the middle 
of August. To ttdS| General John J. Carty, Vice-President, 
American Telephone & Telegraph Company, Past-Ptesident, 
American Institute of Electrical Engineer^, has written a brief 
Introduction, in part as follows: 

“The publication of Popular .Research Narratives does more 
than provide scientific reading in an entertaining and instructive 
manner. They constitute in themselves a distinct contribution 
to the cause of science research because they present to the 
reader ia authentic form, concrete examples of the methods, vicis¬ 
situdes and triumphs of scienti^c research. . . . The progress 
of scientific research in our country depends in the last analysis 
upon the support which it receives rfrom the public. There 
is no lack of problems to be solved, all of which in one way or 
another affect the welfare of the Nation, and there will be no lack 
of competent scientific investigators who will solve them if the 
necessary financial support is provided. 

But the higher values of scientific research must bo stated in terms 
of human achievement, tlie eliminatioli of poverty and disease, 
the advancement of learning, the growth of right living and good 
understanding among men. . . . According to the vision of 
Science, life must no longer be regarded as a struggle among men 
for a limited store where one man’s gain or one nation’s gain 
must be another’s loss. Under the banner of scientific research 
we are asked to join with our fellow men, working together in 
controlling and utilizing the boundless forces of nature. Such 
is the message of Research Narratives.” 

The National Electrical Code 

The.1929 edition of the National EleStrical Code has be^ 
declared an Approved American Standard by the American 
Standards ^Association. For 30 years the Code, originally 
drafted in 1897, has been the basic guide for safe practises in the 
wiring of consumer premises for the use of electricity for light, 
heat, and power, and the forthcoming edition is the 16th revision 
of the original text. * 

The Code was drafted by a sectional oommittee under the 
sponsorship of jjjie National Fire ProteAioji Association, and the 
electrical committee includes 76 n^^bers and alternates repre¬ 
senting 36 national and local organizations. 

Supplies of the new edition may be ordered from the American 
Standards Association, 29 Wj^st 39th Street, New York, or from 
the National Board of Fire*Underwriters, 85 John Street, New 
York. 

Diesel and Oil Engine Course at Brooklyn 
Polytechnic Institute 

Direct and personal supervision of the conduct of the evening 
course in Diesel and oil engines which is to be %iven by the 
Department of Mechanical Engineering, Brooklyn Polytechnic 
Institute, is in the hands of Professor E. F. Church, Jr., Head of 
the Department. Lectures will be delivered by Julius Kuttner, 
editor of Oil Engine Power and for two years test engineer and 
designer for oil engine manufacture in Germany. Edgar J. 
Kates, for the past twenty years connected with the design and 
construction of several types of oil engines including supervision 
of layout, erection, and operation of numerous oil engine instal¬ 
lations, will discuss the design, management, and cost of Diesel 
power plants, while Professor W. J. Moore, in charge of the 
Institute’s laboratory wor£, will personally conduct laboratory 
exercises and.demonstrations in conjunction with the course. 
Students may register any time after Sept. 1. 


a"............ 

I PERSONAL MENTION 

s 

s 

....Ill........ 

Blight S. Robinson, formerly Assistant Editor of the Elec¬ 
trical Worldy has been appointed to the staff of the Waterbury 
Cable Service, Inc., New York. * 

B. L. Conley has* resigned as Electrical Engineer of The 
Holtzer-Cabot Electric Co., Boston, Mass., to accept the position 
of Chief Engineer with The Sunlight Electrical Mfg. Co., Warren, 
Ohio. 

Gordon R. Anderson has been recently transferred from the 
Indianapolis Works of Fairbanks Morse & Co. {o the Beloit 
Works, where he will be in charge of the Single-phase Motor 
Division of the Company. 

George W. Bricker, Jr., who has been with H. C. Hopson 
& Co., Inc., New York, N. Y., has become associated with 
Lybrand Ross Bros. & Montgomery, Boston, Mass, to specialize 
in public jitility problems in the capacity of accountant. 

Myron Zucker has joined the Detroit Edison Co., having re¬ 
signed from the General Electric where he has been working in 
the Central Sta. Department with Doctor E. F. W. Alex- 
anderson on stability, high-speed excitation and thyratrons. 

H. W. Young, President of the Delta-StStr Electric Company, 
Chicago, returned on the Olympic August 7, from a two- 
months’ trip to France, Germany and England. While abroad, •• 
he visited many of the European manufacturers of high-voltage 
switching equipment. • 

Paul M. Downing, Vice-President in Charge of Electrical 
Construction and Operation of the Pacific Gas and Electric Com¬ 
pany has just been elected First Vice-President and General Man¬ 
ager, to succeed Frank A. Leach, Jr., whose retirement has 
just been announced. 

W. M. Vbrnor, recently of the Westinghouse Electric 
national Co., has been appointed salesman for the Westinghouse 
Electric Elevator Company in the New York District. While 
with the International Co., Mr. Vernor spent three years in Ma¬ 
nila and Hongkong. • 

John S. Riddilb, v^ho for nearly ten years was associated with* 
Ralph D. Mershon in hydroelectric developments in Canada, has 
been made Executive Engineer of the Shawinigan Water & Power 
Company which last year purchased the Laurentide Power Com¬ 
pany, Ltd., GrandMeere, with whjeh Mr. Riddile was previously* 
identified. 

Yasudibo Sakai has recently been elected a Fellow of the 
Royal Society of Arts, London, England. Mr. Sakai joined the 
Institute in 1907 as Associate and was advanced to Member in 
1919. He is a Member of the Examination Committee of the 
Imperial Government of Japan, as well as a patent attorney and 
consulting engineer at in Tokio. 

Gilbert H. Dunstan recently resigned as Instructor in Draw¬ 
ing and Machine Design at Tulane University, La., and has ac¬ 
cepted a position as Instructor in Civil Engineering at the 
University of Southern California. He will have charge of work in 
drawing and descriptive geometry, with students in the branches 
of engineering, and in addition, expects to teach one course in 
the Electrical Engineering Department. 

Ross Ewing, on August 1,1929, became associated with C. M. 
Adams as Manufacturers’ Representative for the American 
Steam Pump Company, the Clarage Fan Company, J. Struthers 
Dunn, H. H. Stricht & Co., H. B. Trent Company, Edwin L. 
Wiegan Co. and the Vicking Products Company. Mr. Ewing 
was previously with Westinghouse interests in Detroit. He re¬ 
mains ip that city in his new connection. 

F. B. Philbrick, for nine years at the* Gamewell Company’s 
Factory as Engineer, has been appointed District Sales Manager 
for the Pacific Coast, with headquarters at 939 Larkin Street, San 
Francisco, California. Mr, Philbrick has had extensive expe¬ 
rience in l^e«alarm and police signal engineering and his new ap- 
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pointment will include making surveys and recommendations for 
the improvement of fire and police signaling systems in that 
vicinity. 

0. W. A. Getting, effective September 1st resigned from his 
position as Chief Engineer of the Willard Storage Battery Com¬ 
pany of Cleveland, Ohio, vrhieh. he joined in 1917 as an engineer 
in the Sales Department on applications of storage batteries to 
electrical systems of cars. Prior to his connection with the Wil¬ 
lard Company, Mr. Getting was in the Research Department of 
the Westinghouse Electric & Manufacturing Company. He has 
made no announcement of future plans except a trip shortly to 
the Coast. • 

T. J. Fleming, who has been Transmission Engineer for the 
Santa Monica Bay Telephone Company, Associated Telephone 
Company, Long Beach, Calif., has been made its Transmission 
and Protection Engineer, with offices in the Petroleum Securities 
Building, Los Ajigeles, Calif. The Associated Telephone Co., 
which was formed by a consolidation of six independent telephone 
companies in and about Los Angeles, is an operating ilhit of the 
Associated Telephone Utilities Company, wi^ several such units 
throughout the United States. 

Chaklbs E. Tapp, until recently Assistant Manager of Con¬ 
struction for the Standard Underground Cable Company, at Pitts¬ 
burgh, is now Manager of Henry Ihle, Incorporated, Brooklyn, 
«»» of which he also has been elected a director and the secretary. 
Mr. Taff’s connection with the Standard Company dates back to 
•1907 and includes the installation of cable systems throughout 
the United States and Canada, as well as active service- in the 
electrification of the Pennsylvania Railroad Station Terminal in 
New York, work on the 33-kv. submarine cable crossing at Cohkia 
Plant, St. Louis, and the Holland Tunnel. 


Obituary 

E. H. Smith, Equipment Engineer of the Bell Telephone Lab- 
♦ oratories, Inc., died June 11, 1929. He vas born at Spencer, 
Massachusetts, November 13, 1888, and attended the Leicester 
Academy, Leicester, Massachusetts and Worcester Polsrtechnic 
Institute. In 1911 he joined the Western Electric Company’s 
<r Engineering Department, and from that time until 1923 was 
occupied with telephone equipment and telephone system engi¬ 
neering,—nine years in the Chicago andNew York officesof the 
company; for thirteen years he was at the Hawthorne plant 
. of the company. He became an Associate of the Institute in 
1923 and was advanced to the grade of Member in 1926. 

Max G- Newman, Electrical Engineer for the General Electric 
Company at Pittsfield, Mass., and an Associate of the Institute 
siace 1912, died July 14, 1929. Mr. Newman was assistant to 
the head of the Experimental Division of the company’s Pitts¬ 
field works. He was bom at Fryburg, Maine, April 21, 1885, 
and was graduated from the Fryburg Academy in 1902. He 
was g^raduated in 1907 from the University of Maine, immediately 
after which he joined the General Electric Company’s Schenec¬ 
tady office, engaged on test work. In 1909 he left the test work 
to take a position in the standardizinglaboratory at Schenectady, 
removing to the company’s laboratories at Pittsfield in 1910. 
His record with the company covered a period of twenty years 
of representative service. 

Armlstead K* Baylor, 61, General Mectric commercial en¬ 
gineer and veteran of the electrical industry, died suddenly early 
on the morning of August 1 at Ipswich, Mass., where he was sum¬ 
mering. In 1891 Mr. JBaylor went with the Thomson-BEouston 
Electric Company at Wesl^ Lynn, Mass., and removed to 
Schenectady, N. Y.’in 1894 when the headquarters and main 
offi.ces of the General Electric Company were established there. 
In 1896 he went abroad to become manager of the Traction-De¬ 
partment of the British Thomson-Houston Compady, becoming 


General Sales Manager there. After 14 years he returned to this 
country tt re-enter the General Electric organization, and for 
several years was in the commercial general department. Mr. 
Baylor was also Vice-President, director and a member of the 
Executive Committee of the Edison Electric Appliance Company. 
He became a Member of the Institute in 1926. ^ 

Charles W. Kincaid, a special engineer in the Industrial Mo¬ 
tor Engineering Department of the Westinghouse Electric & Mfg. 
Co., and an Associate of the Institute since 1913, died Sunday, 
July 14, after an extended illness. He was born in Pittsburgh in 
1889 and was educated in the Pittsburgh public schools, followed 
by a course at the University of Pittsburgh, from which he was 
graduated ^n 1910 with the degree of ip). E. He entered the 
employ of the Westinghouse Company thfit same year and during 
his 19 years of service with the company held successively posi¬ 
tions of a-c. motor designer. Section Engineer on a-c. motors and 
Consulting Specialist on industfial problems. For several years 
he was closely associated^with B. G. Lamme, at Mr. Lamme’s 
death taking up and carrying on much of the experimental and 
theoretical investigation of induction motor problems initiated by 
Mr. Lamme. He was the author of numerous technical articles, 
published of recent years in The Electric Journal, on the funda¬ 
mental theory of the various types of induction motors, as well 
as other papers presented before the Institute and included in its 
Transactions. 

Charles B. Larzelere, Designing Engineer of the General 
Electric, Philadelphia, died in that city June 25, at the age of 54. 
Mr. Lairzelere was born at Seneca Falls, New York, and was a 
graduate of the Mynderse Academy there; also of Cornell Uni¬ 
versity, from which he was graduated in 1897 with a degree of 
M. E. in E. B. He began his technical work with one year 
in charge of a small electric lighting plant, after which, in 
1899, he became draftsman for the General Electric Company at 
Schenectady. Three years later, he removed to England to be¬ 
come Designing Engineer in the Traction Dept, of the British 
Thomson-Houston Company,* Rugby, England. In 1905^ he re¬ 
turned to the Schenectady office of the General Electric Company 
as Designing Engineer in the Raifway Engineering Equipment 
Department and the Controller Department. Patents covering 
inventions by Mr. Larzelere were held by both of these 
companies. For nearly four years he was Assistant Engineer in 
the office of the Assistant Chief Engineer of the Isthmian Canal 
Commission, Culebr5,0§.nal Zone, engaged in various engineer¬ 
ing problems, particularly in connection with the control of the 
lock machinery. His return to the General Electric Company’s*- 
Philadelphi^office took place several years ago. 

Samuel M. Kennedy, retired "^ce-President of the Southern 
California Edison Company in charge of business development 
and public relations, died at his home, Alhambra, Calif., July 18. 
Mr. Kennedy achieved a national reputation in electrij^l circles 
by his pioneer work on the subject of public relations, and his 
authorship of the three publications “The Man in the Street” 
“Service” and “Winning the Public.” He was a native of 
Toronto, Canada and was" graduated from the Upper Canada 
College in that city. For a time after leaving college, he lived 
in London, the Resident Manager of a wholesale importing busi¬ 
ness of which his father was head, but at the early age of 31 his 
health failed him and he removed to California. In 1900 he 
became Assistant to the President of the United Electric Power 
& Gas Company, Los Angeles and when in 1903 this company 
was absorbed by the Southern California Edison Company, 
Mr. Kbimedy was placed in charge of the Commercial Depart¬ 
ment. In this office his rare abihty to organize and promote 
progressive methods contributed greatly to the development 
o$ Ms o'vjn company’s interests and acted as a widely felt stimu¬ 
lus^ to electrical industry along the qntire reach of the Pacific 
Coast. His articles have appeared frequently in the Electrical 
Wdrld and other publications, impressing valuable and welj- 
taken points upon the minds of the executives in industry. 
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Mr. Kennedy became an Associate of the Institute in 1911 and 
was transferred to the grade of Member in 1926. Besides Ms 
connection with, the Southern California Edison cfompany, he 
has been Vice-President of the Santa Barabra Suburban Railway 
and the Pacific Gasoline Company; and a Director of the Alham- 
.bra Savings and Commercial Bank. He was a Member of the 
Electrochemical Society and has also been actively connected 
with the National Electric Light Association. 

Alfred Hutchinson Gowles» inventor and metallurgist and 
President of the Electric Smelting & Aluminum Company of 
Sewaren, New Jersey, died at-Ms home August 13, 1929 at 70 
years of age. He was a native of Cleveland, Ohio, the son of Ed¬ 
win Cowles, who founded the Cleveland Leader and Vas later edi¬ 
tor oi^e Cleveland Ev(|p^ing News. Mr. Cowles studied electrical 
science and physics under Professor Mendenhall at OMo State 
University in 1876 and 1877.* These studies were continued un¬ 
der Professor William Anthony at Cornell University from 1877 
to 1882. WMle at Cornell, Mr. Covfies was a noted crew mem¬ 
ber—^in fact he was one of the crew of four that rowed at Henley, 
Putney, and Vienna ih 1881. After graduating from college, he 
joined his brother in a prospecting tour into New Mexico, where 
mining properties wMeh have since proved of great value were 
opened. In 1881 he visited the Paris Electrical Exhibition. With 
Ms brother, Eugene H. Cowles, he developed the first electric 
furnace in connection with producing aluminum and alloys and 
the company thus organized erected the first electric furnace in 
the world, at Lockport, New York, in 1886. Mr. Cowles was one 
of the inventors of the Cowles process of electric smelting, and 
due to the development of their electric furnace in addition 
to aluminum was the production of calcium carbide—now an 
important commercial factor,—cheaper carbon bisulphide and 
cheaper phosphorus. 

Many honors have been bestowed upon him for his scientific 
discoveries; he was a member of the American Association for 
the Advancement of Science and PranMij Institute awarded Mm 
the Elliot Cresson Medal and the John Scott Legacy Medal in 
1886. In 1889 he was the recipient of the Paris Exposition gold 
medal. He has been Vicd-Ih*esident of the American Institute 
of Mining and Metallurgical Engineers, the American and Metal¬ 
lurgical Society of America, the Franklin Institute and Zeta Psi. 
He joined the Institute in 1886 and was among the first to be 
elected to the grade of Fellow when it was first adopted by the In¬ 
stitute in 1912. He was also Presi^pnpfof the Pecos Copper 
Company from 1902 to 1918 and V^e-President of the Cleveland 
Leader Printing Company from 1«699 to 1904. Mr. Cowles was 
also a representative member of^ the United ^tates Naval 
Institute. 

James T. Hutchings, Vice-President of The United Gas Im¬ 
provement Company, in charge of engineering development, died 
suddenly on Saturday, August 17, at Ocean City, N. J., of heart 
disease. 

Mr. Hutchings had returned on August 13 from a two months’ 
trip abroad, and apparently was in hjs usual health. He had been 
in his office in The U. G. I. Building until late Friday afternoon, 
August 16, when he left for the seashore to speisd the week-end 
with Ms family. 

Mr. HutcMags entered the employ of The U. G. I. Company 
in 1920, as Assistant General Manager. In August, 1921, he be¬ 
came General Manager, and two years later was elected Vice-Presi¬ 
dent in charge of operations. In February 1927 he became Vice- 
President in charge of engineeringdevelopment. 

Born in Amherst, Mass, in 1889, he attended Amherst public 
schools and was graduated from Massachusetts Agricultural 
College with the degree of Bachelor of Science in 1889.^ His fitst 
position after graduating^was with the Thomson»Houston Mec- 
tric Company, of Amherst, with wMch he remained about four 
months. In4hat same year he came to Philadelphia to accept a 


position as foreman of wiring with the Germantown Eleetrio 
Company, and later became Superintendent of the West End 
Electric Company, in wMch position he remained until that com¬ 
pany and numerous other small companies in the city were con¬ 
solidated into the PMladelphia Electric Company. Prom 1897 
to 1904 he was employed by the latter company as Assistant 
Electrical Engineer. • 

Then followed sixteen years with the Rochester Gas and Elec¬ 
tric Corporation during wMeh he held the positions of Superin¬ 
tendent of the Electric Department, Assistant Manager, General 
Manager and President. He capably filled the latter position for 
two years, until 1920, when he entered U. G. I. employ. 

During the World War, Mr. Hutchings was Cfhairman of tho 
Manufacturers* Committee of the Rochester District in charge* 
of production, and despite the exigencies of that and Ms regular 
work, was also power expert for the Ordnance Department in 
charge of munitions production. 

He was a member of the American Gas Association, National 
ElectricfLight Association, Engineers Clubs of PhiladelpMa and 
New York, the University Club of Philadelphia, and the Over- 
brook Golf Club. He joined the Institute as an Associate in 1903 
and was elected a Member in 1912. 

E. B. Craft* wire engineer and head of the Bell Telephone Lab¬ 
oratories since 1922, died at his home in Hackensack, New Jersey* 
August 20, after suffering from Mgh blood pressue for sever l^ 
months. Mr. Craft was a member of an old American family/ 
the Crafts having come to Massachusetts in 1630. He hin^- 
self was born in Cortland, Ohio, and was educated in the grade and 
high schools of Warren, Ohio. His first electrical position, from 
1900 to 1902, was as Superintendent of the Lamp Department of 
the Warren Electrical and Specialty Company. This he gave up 
to join the Western Electric Company in CMcago, where his 
first work was editing orders for telephone switchboards. • S<fon 
he was placed in charge of making models, and in this capacity he 
produced Ms first invention, an indicating device for fuses to pri>- 
tect telephone eq[uipment from electrical disturbances. This 
proved to be so absolutely correct that it hag remained in constant 
use for the last 23 years. In 1907, with a nucleus from the force 
he had organized in Chicago, he came to New York as develop¬ 
ment engineer for the Western Electric Company. Here he began 
his career as an organizer of development activities, and with a 
growing need for expansion in the field, hie work was rapid. In 

1917 he became Assistant Chief Engineer, serving as such forfive 
years, responsible for the development work in the Engineering 
Departmentof the Western Electric Company wMch then opera- 

^ ted the works out of wMch the Bell Telephone Laboratories grew. 
To the introduction and development of the dial telephone sys¬ 
tem Mr. Craft contributed not only certain specific inventions but 
was among the first to appreciate the value of this new method 
inspiring others with Ms own faith in its operation. He was 
also the first to demonstrate the talking motion picture process 
in 1926 before a meeting of the New York Electrical Society. 
With the entrance of the United States into the World War, Mbr. 
Craft became a Captain in the Signal Corps, and was promoted to 
tlje rank of Major in December 1917. From June to October 

1918 he was technical advisor of the United States Navy in Lon¬ 
don. In 1922 he became CMef Engineer of the Western Electric 
Company and in 1925 was made Executive Vice-President of the* 
Bell Telephone Laboratories, Inc. At the time of Ms death, he 
was a member of the Edison Medal Committee, Chairman of 
the Library Board, and the Institute’s representative to the New¬ 
comen Society. He was Vice-Chairman of the Division of Engi¬ 
neering and Industrial Research of the National Research Council; 
a member of the Council of the American Institute of Weights 
and Measures; of the American Society of Automotive Engineers; 
and a Fellow of the Institute of Radio Engineers. Mr. Craft 
joined the Institute in 1911 and was elected to the grade, 
of Fellow in 1926. 
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Engineering Societies Library 


ThA Library is a cooperaHve activity of the American Institute of Electrical Engineers, the American Society of 
CimL Engineers, M American Institute of Mining and Metallurgical Engineers and the American Society of Meckaiv- 
iced Engineers* It is administered for these Founder Societies by the United Engineering Society, as a public reference 
library of engineering and the allied sciences. It contains 150,000 volumes and jpamphlets and receives currendy 
most of the important periodicals in its field. It is housed in the Engineering Societies Building, ^9 West Thirty-^ 
ninth St., New York. 

In order to place the resources of the Library at the disposal of those unable to visit it in person, the Library is 
prepared to furnish lists of references to engineering subjects, copies or translations of articles, and eimilaj assisUince. 
Charges sufficient to cover the cost of this work are made. ^ 

The Library maintains a collection of modern technical books which may be rented by members residing in North 
America. A rental of five cents a day, plus transportation, is charged. 

The pirecior of the Library will gladly give information concerning charges for the various kinds of service to 
those int^ested. In asking for information, letters should be made as definite as possible, so that the investigator may 
understand dearly what is desired. • 

The library is open from 9 a. m. to 10 p. m. on all week days except holidays throughout the year except during 


July and August when ike hours are 9 a. m. to 6 p. m. 

BOOK NOTICES, JULY 1-31, 1929 

Unless otherwise specified, books in this list have been pre- 
^jsented by the publishers. The Society does not assume responsi¬ 
bility for any statement made; these are taken from the preface 
6r the text of the book. 

All books listed may be consulted in the Engineering Societies 
Library. 

Applications did L’JSlbctbicit]| aux Mines. 

By Georges Hacault. Paris, J-B. BailliSre et fils, 1929. 
55S^>p., Ulus., diagrs., 9 x 6 in., paper. 85 fr. 

The author confines himself to electrical hoisting, pumpiM, 
ventilating, and air compressing machinery. ^ In this field, he 
gives a good description of various types of equipment, points out 
the advantages of each, gives the data necessary for selecting 
suitable sizes, and directions for testing. 

EiNPLtlssB aufBbton, pt. 1. Ed. 3. 

Edited by A. Kleinlogel. Berlin, Wilhelm Ernst & Sohn, 
1929. To be complete in 6 or 7 pts. Ulus., diagrs., tables, 
10 X 7 in., paper. 6.-r. m. each. 

A convenient compendium of information uijon the chemical 
and mechanical action of air, "^ater, and chemicals of all kinds 
upon concrete. The information is in dictionary form, is com¬ 
prehensive enough for ordinary requirements, and is supplied 
with references to sources for further details. Methods of 
preventing action iwre also given. i 

Blbktrischb Gleichrichter und Ventile. 

By A. Gfintherschulze. 2d edition. Berlin, Julius Springer, 
1929. 330 pp.. Ulus., diagrs., tables, 9x6 in., bound. 29.-r. m. 

A systematic discussion of electric rectifiers and valves, with 
special attention to those for currents greater than those en¬ 
countered in high-frequency work. The physical characteristies, 
calculation, types and uses are treated. There is a valuable list 
of German patents in this field and a good bibliography. The 
new edition is nearly twice the size of the former one, and is 
practically a new book. • 

L’Bnpant and Washington, 1791-1792. 

Edited by Elizabeth S. Bite. (Institute Fran§ais de Washing- 
'“ton. Historical documents, cahier 3). Balt., Johns Hopkihs 
press, 1929. 182 pp., plate, 11 x 8 in., bound. $3,00. 

Here are brought together in chronological ord^ all the existing 
documents upon L’Enfant’s work in planning the city of Wash¬ 
ington. They give an interesting picture of his labors, the 
dhfioulties with which he met, and the reason for his final dis¬ 
missal. Ambassador Jusserand's introduction is a fine acccymt of 
L'Bnfant’slife. ^ 

Hochdeuokdampp II. * 

' Sonderheft der V. !b. I. Zeitsohrift. Berlin, V. D, I. Verlag, 
1929. 171 pp., illuB., diagrs., 12 x 8 in., paper. 6.-r. m. 


This volume brings together the more important papers on 
high-pressure steam which have appeared in the Zeitsohrift des 
Vereinus deutscher Ingenieure during the last five years. The' 
papers discuss a variety of questions connected with the produc¬ 
tion and use of steam at high pressures, such as modem methods 
of generation, the influence of high pressures and temperatures 
upon engine design, and the transformation in industrial practise 
caused by the introduction of higher pressures. 

International Airports. 

By Stedman S. Hanks. N. Y., Ronald Press Go., 1929. 
(Ronald Aeronautic series) 196 pp., illus., 9x6 in., cloth. $5.00. 

In 1928 the author visited the principal European airports to 
ascertain what lessons could be learned that would be useful in 
constructing and managing airports in America. He collected 
much information upoif the lawut of these ports, the buildings, 
the methods of handling tramc, and the other details of air 
travel. This is presented and comp^ed with American practise. 

Das It —Diagram der Vbrbrennung. 

By P. Rosin & R. Fehling. Ber., V. D. I. Verlag 1929. 32 
pp., 10 charts, 12 x 8 in., paper. Price not quoted. 

Starting with a hitherto unknown relation between the heating 
value of a fuel and the^^lume of gas evolved, the author has pre¬ 
pared charts from which the heat capacity of the flue gas can be 
read off. With these diagrams, it is only necessafy to know the 
heating value of a fuel and the excess of air used to obtain the 
temperature of combustion, ^e available heat drop and similar 
data. The pfimphlet explains the theory, illustrates the practical 
use of the method, and gives diagrams for solid, liquid, and 
gaseous fuels. o 

Railways of Today. 

By Cecil J. Allen. London & N. Y. Frederick WaralS & Co., 
1929. 400 pp., illus., plates, 7x 6 in., cloth. $5.00. 

A popular description of the modern railroad, its equipment, 
and Qie way it is operated, with emphasis upon the eng^eering 
features. The author writeS with skill and understanding, and 
•has compressed a remarkable amount of information into a small 
volume. Englfhh practise is the basis of the account, but varia¬ 
tions in other countries are noted. The book is elaborately 
Oustrated with photographic cuts and colored pla^s. 

Trails, Rails & War; the Life of General G. M. Dodge. 

By J. R. Perkms. Indianapolis, Bobbs-Merrill Co., 1929. 
371 pp., Ulus., ports., 9 x 6 in., cloth. $5.00. 

This work, based on the original documents of General Dodge, 
and prepared with the assistance of his famUy, is an authorita¬ 
tive account of his life as a surveyor of western railroad routes, 
as a military man, and as a promoter of railroads. The story 
of «tiie budding of the Union Pacific, and of the struggles for its 
control, are told in detail. ^ The book i wot only a goodbiography 
of atamous engineer, but is also au important contribution to our 
railroad history, 
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Engineeriiig Societies Employment Service | 

I • I 

. Under joint mancwement of the national societies of Civile Mining, Mechanical and Electrical Engineers cooverair 

ing with the Western Society of Engineers, The service is available only to their membership, and is maintained as a 
cooperative bureau by contribution from the societies and their individual members who are direcUy benefited. 

Offices:—SI West S9ih St., New York, N. Y.,—W V, Brown, Manager, 

1S16 Engineering Bldg^, S05 W, Wacker Drive, Chicago, III., A. K. Krauser, Manager, 

67 Post SU, San Francisco, Calif., N. D, Cook, Manager, 

MEN AVAILABliE.—Brief announcements will be published without charge hut will not be repeated except upon 
requests received after an interval of one month. Names and records will remain in the active files of the bureau for a 
period of three months and are renewable upon request. Notices for this Department should be addressed to 
EMPLO YMSNT SERVICE, 31 WEST 39th Street, New York City, and should be received prior to the 16th day of 
of the month, • 

OPPORTUNITIES.—A Bulletin of engineering positions available is published weekly and is available to 
members of the Societies concerned at a subscription of SS per quarter, or 310 per annum, paycible in advance. Posi¬ 
tions not filled prompily*as a result of publication in the Bulletin may be announced herein, as formerly. 

VOLUNTARY CONTRIBUTIONS.—Members obtaining positions through the medium of this sefvice are 
invited to cooperate with the Societies in the financing of the work by contributions made within thirty days after 
placement, on the basis of one and one-half per cent of the first yearns salary: temporary positions {of one month or less) 
three per cent of total salary received. The income contributed by the members, together with the finances appropriated 
by the four sodeties named above will it is hoped, be sufficient not only to maintain, but to increase and extend the service. 

REPLIES TO ANNOUNCEMENTS.—Replies to announcements published herein or in the Bulletin, should 
be addressed to the key number^ indicated in each case, mth a two cent stamp attached for reforwarding, and forwarded 
to the Employment Service as above. Replies received by the bureau after the positions to which they r^er have been 
* filled will not be forwarded. 'See also p. 42 of Advertising Section 


FOSITIONS OPEN 

BJLBOTRIOAL ENGINEER, college gradu¬ 
ate, experienced in the design of polsrphase induc¬ 
tion motors. Opportunity for advancement. 
Apply by letter. Location, Pacific Ooast. 
X-9081-a-B-2609-S. 

REGENT GRADUATE, as part-time instruc¬ 
tor who desires to do advance study work. Will 
be obliged to teach 9 to 10 hours a week, and the 
balance of the time devote to research or advanced 
study. Apply by letter. Salary $1200 a year. 
Location, New York State. X-8980. • 

ELECTRICAL ENGINEER, aboui 36. with 
practical experience in general manufacturing of 
transformer^ motors, switchgear*, able to diag¬ 
nose trouble in repairing of apparatus, full knowl¬ 
edge of mechanical tools and winding necessary. 
All-round man requirecUto take charge of plants. 
Apply by letter stating full details with references 
and salary expected. Opportunity. Location, 
Western Canada. X-8608-CS. 

AVAILABLE * 

, SLBOTBIOAL ENOINBEB, dedre$ position 
doing research or development work. Thoroughly 
trained and competent meter engineer. Experi¬ 
enced in combustion and general laboratory and 
power-plant testing. Have beenitsuccessful along 
devdopment lines. Also exten^ve public utility 
experience. 0-6258. 

BLBOTKBIOAL AND MECHANICAL ENGI¬ 
NEER, 31, graduate, single, three years* experience 
teaching mathematics and electrical engineering 
laboratory* two years selling, past two years in 
dharge of engineering department of a large manu¬ 
facturing company which has recently Inerged 
with a larger company. 0-2697. 

PUBLIC UTILITY ENGINEER, age 83, 
electrical engineering graduate with knowledge of 
corporation finance and ten years* experience 
in consulting sendee on railway, bus, and electric 
light operation appraisals and public utility regula¬ 
tion problems in major dties throughout the 
country would like coxmectlon with large operator 
or holding company. B-446. 

ELECTRICAL DRAFTSMAN, ag3 29, six 
years' experience in the preparation of switchgear 
engineering wiring diagrams, two years* switch¬ 
gear test and one year shop wiring. Desires 
position with an operating company whick Is 
permanent and has room «for advancement. 
0-6826. 

GRADUATE, 32, married, who has obtained 
St B. S. in electric^ engineering work. Speaks 


Russian (citizen of United States), well acquainted 
with Manchuria, China, Location, immaterial. 
0-6290. 

MANUFACTURER’S REPRESENTATIVE. 
Desires .to represent several manufacturers of elec- 
tricid macliinery and accessories in India. At 
present employed in electric power supply com¬ 
pany. C-6298. 

ELECTRICAL AND MECHANICAL EN¬ 
GINEERING TEACHER, with five years’ teach¬ 
ing experience and two years' design and research 
expedence with large electrical company. De¬ 
sires position with manufacturer of gasoline or 
diesel engines. Has had considerable experi¬ 
ence in testing of gasoline engines. Good knowl¬ 
edge of German. Member S. A. E. Available 
on reasonable notice. B-7830. 

UNIVERSITY GRADUATE, 36, 16 years’, 
work and sales experience, wishes to represent 
American firm or firms in Britidi Isles for machin¬ 
ery and apparatus, insulators, materials, etc. 
Well introduced to largest buyers. Headquarters, 
London, England, 0-6305. 

SALES MANAGER. BRANCH SALES 
MANA<JER, OR SALES ENGINEER, 42. 
married, electrical and mechanical engineer, 18 
years' practical experience, design, construction 
valuation and management of public utilities, and 
sales of equipment. Location, Middle West or 
Pacific Ooast. 0-6827. 

ELECTRICAL ENGINEER, graduate, 39, 
married; executive with extensive Latin-Ameri- 
can experience. Capable of taking complete 
field managerial charge operating, construction, 
public relations, new business, development work 
along acquisition lines with public utility or hold¬ 
ing cAnpany with both domestic and foreign 
properties. Well acquainted Latin American 
Government requirements. C-761. 

ELECTRICAL ENGINE£!!r, 29, single, recent 
graduate. Over six yeartf experience in motor 
installations and elevator c6ntroI board mining. 
Desires position with industrial and construction 
company. Willing to start low, working knowl¬ 
edge of Russian. Location, immaterial. C-6246. 

SYSTEM PLANNING ENGINEER, single, 
29, seven years* experience in system planxdng, 
tests, calcdllktipns, ^tc. Desires position wllk 
broads opportunities, particularly with company 
just starting systefti planning. East or Middle 
West preferred. Available on reasonable notice. 
0-6303. 


RECENT GRADUATE. Electrical Engineer, 
1928, desires opportunity with public utility or 
industrial concern, preferably in preparation for 
commercial or sales work, and this preferably in 
the illuminating line. Some public utility experi¬ 
ence. Location, Noiiiheast preferred. 0-6294. 

EFFICIENCY ENGINEER, with over 20 
years of practical experience in manufacture and 
electrical laboratory, desires position in dose 
contact with chief executive and accounting 
partment to establidi an original system for de¬ 
veloping the personnel efficiency as well as that qf 
the mechanical equipment. C-1867. 

ELECTRICAL ENGINEER, 28, married, 
wishes engineering economic work with utUlty, 
consulting engineer, or financial firm. W^« 
trained engineering, economics. Practical ex¬ 
perience varied to obtain thorough grounding 
chosen field. Two years survey, construction, 
Westinghouse graduate course, one year public 
utility valuation, two years plant installation,« 
operation, management. Location, United States. 
C-3082. 

ELECTRICAL ENGINEER, B. S. 1921, one 
year as inspector and assistant research engineer 
on cables, seven years as doctrlcal designer of 
substations, power house, oil and copper refineries. 
Desires position in New York City or Newark, 
N.J. 0-5478. 

ELECTRICAL ENGINEER. university 
graduate, 36. Wide knowledge of electrlflcation 
induding generation, substations, distribution, 
motor application, control, lighting, etc., as 
applied to mining, cement mills, and other indus¬ 
tries. Experience covers estimates, design and 
layout, construction and maintenance. Desires 
to correspond with large industrial concern re¬ 
quiring the services of a man of above qualificar* 
tions. H-9118. 

ELECTRICAL ENGINEER, 20 years’ ex¬ 
perience on construction work, design and ap- 
pr^als, as foreman and engineer In charge. At 
present employed as construction engineer. 
Available on short notice with best of references. 
0-6347. 

JUNIOR ELECTRICAL ENGINEER, 26, 
Rensselaer Polytechnic Institute 1926. Three 
years* experience with large public utility In 
general and %sceptan<% teste of equipment oncL 
materials. In supervisory capacity for the past 
18 months. Would like a position in general or 
electrical engineering or sales with good oppor¬ 
tunity for advancement. C-2667. 
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MEMBERSHIP —Applications, Elections, Transfers, Etc. 


1 


recommended for transfer 

The Board of Examiners, its meeting held 
July 31. 1929. recommended the following mem¬ 
bers for transfer to the grade of membership hidi-i 
Gated. Any objection to these transfers should be 
filed at once with the National Secretary. 

To Grade of Fellow 

MONTSINGER, V. M.. Research and Develop¬ 
ment Engineer, General Electric Co., Pitts¬ 
field. Mass. 

YORKE. GEORGE M., Vice-President in charge 
of Engineering, Western Union Telegraph 
Co., New York, N. Y. 

To Grade of Member 

ALBRECHT, AUGUST H., Electrical Engineer, 
Standard Oil Co. of Calif., Whittier, Calif. 
BARRY, EDWARD J., Electrical Engineer, 
Perkins Biilldlng, Tacoma, Washington. 
BOWLES, EDWARD L.. Associate Professor, 
Mass. Inst, of Tech., Cambridge, Mass. 
BROKAW, Electrical Engineer, Eastern Oregon 
Light and Power 0%, Baker, Oregon. 
CAMPBELL, WALTER W., Manager and 
Owner, Industrial Electric Service Co., 
Aberdeen, Wash. 

CHANDEYSSON, PIERRE I., President, Chan- 
^ deysson Elec. Co., St. Louis, Mo. 

*CHARLEY, REGINALD M.. Manager. Trans¬ 
former Dept., The English Elec. Co. Ltd., 
Stafford, England. 

ERICKSON, JOHN R., Foreman, General Elec¬ 
tric Co., Erie, Pa. 

BRSKINE, HARRY E., Instructor, Wentworth 
^ I^tltute and Franklin Union, Boston, Mass. 
E'^ANS, WILLARD M., Automatic Control 
Supervisor, Duciuesne Light Co., Pittsburgh, 
• Pa. 

FRANKEL, MORTIMER, President, Audlola 
Radio Co., Chicago, Ill. 

HATCH, PHILIP H.,* Engineer of Automotive 
• Equipment, N. Y., N. H. & H. R. R., New 
Haven, Conn. 

HERZOG, EUGENE, Electrical Teat Engineer, 
State Line Generating Co., Chicago, lU. 
HIGGINS, WARREN S., Teacher, Georgia 
^ School of Technology, Atlanta, Ga. 

HILL, ARTHUR P., Engineer, Southern Calif. 

Tel. Co.. Los Angeles, Oalif. 

HOLMGREN, VIKING R., General Electric Oo., 
Lynn, Mass. 

HUGHES. CALVIIJ T., Design Engineer, Oonn. 

Lt. & Pr. Co.. Waterbury, Conn. 

JANES, LEONARD R., Development Engineer, 
Public Service Co. of No. Illinois, Chicago, 
Ill. 

KELLY, NICHOLAS J.. Chief Engineer of Tight 
and Power, Dept. Water Supply, Gas and 
Electricity, New York, N. Y. 

LEONARD. ALTON W., President, Puget Sound 
Power & light Co., Seattle, Wash. 

OWENS. THURSTON D., Asst. Prof, of Elec. 
Engg., Case School of Applied Science, 
Oleveland, Ohio. 

REID, MATTHEW, Resident Electridal Engi¬ 
neer, St. George Ooimty Council, Kogarah. 
Sydney, N. S. W., Australia. 

RUTAN, EVERETT J., Supt. Test Dept., New 
York Edison Co., New York, N. Y. 
SOHBEGARDUS, W. F.. General Plant Super¬ 
visor. Southwestern Bell Telephone Co., St. 
Louis, Mo. 

SHAND, ERROL B.. Electrical Engineer, West- 
inghouse Elec. & Mfg. Co.. E. Pittsburgh, Pa. 
SINCLAIR. CARROLL -f., ElecMcal Eaglneer. 

Byllesby Engg. & Mgt. Corp., Pittsburgh, Pa. 
SMITH. ROBERT 0., Chief Civil and Electrical 
Enc^eer, Public Service Dept., Glendale, 
Oalif. 


STOUT, MELVILLE B., Asst. Prof, of Elec. 
Engg., University of Michigan, Ann Ai‘bor, 
Mich. 

TURNER, HAROLD L., Asst. Engr., New Eng¬ 
land Power Co., Boston, Mass. 

WADDICOR. HAROLD, Chartered Electrical 
Engineer, Wembley, England. 

WILLS, GEORGE M., General Supt., The South¬ 
ern Sierras Power Company, Riverside, Calif. 
WOOD, LEON F., Toll Fundamental Plan Engr., 
Northwestern Bell Telephone tJo., Des 
Moines, Iowa. 

applications FOR ELECTION 

Applications have been received by the Sec¬ 
retary from the following candidates for election 
to membership in the Institute. Unless otherwise 
Indicated, the applicant has applied for admis¬ 
sion as an ./ftsociate. If the applicant has applied 
for direct admission to a grade higher than Asso¬ 
ciate, the grade follows immediately after the 
name. Any member objecting to the election 
of any of these candidates should so inform the 
Secretary before September 30, 1929. 

Absolon, L. F.. Westinghouse Elec. & Mfg. Co., 
New York, N. Y. 

Bacher, J., Brooklyn Edison Oo., Brooklyn, N. Y. 
Beardifiey, W. P., Altoona & Logan Valley Electric 
Railway Co., Altoona, Pa. 

Bellaschl, P. L., Westinghouse Elec. & Mfg. Co., 
Sharon, Fa. 

Brewer, N. E., United Electric Service Co., 
Abilene, Kans. 

Cohn, N., Leeds & Northrop Co., Philadelphia, 
Pa. 

Cole, C. M., 1814 Grove St., Berkeley, Oalif. 

(Applicant for re-election.) 

Deckman, F. H.,, Columbia Engineering & Man¬ 
agement Corp., Columbus, Ohio 
Eich, P. L., Electrical Research Products, Inc., 
Hollywood, Calif. 

Elder, R. W., Edison Electric Illuminating Oo. of 
Boston, Boston, Mass. 

Falkenstein, L. F., New York Edison Oo., Now 
York, N. Y. 

Fernando, K. A., United Electric Light & Power 
Co., New' York, N. Y. 

Gieszczykiewicz, S., Chicago Central Station 
Institute. Chicago, III. 

Grobe, H. J., New York Electrical Contractors 
Assn., New York, N.Y. 

Higgins, B. B., Western Union Ticker Dept., Los 
Angeles, Oalif, ♦ 

Hilliard, J. K., (Member), United Artists Studio 
Corp., Hollywood, Oalif. 

Johnsen, R. T., Solvay Process Oo., Syracuse, 
N.Y. 

Kilmer, T. W., Jr., New York Telephone Co., 
New York, N.Y. 

Kur 2 , H., Westlnghotise Elec. & Mfg. Co., New 
York, N.Y. 

Luedeke, H. A., Western Eleccric Oo., Kearny, 
N.J. 

MacXjOSkey, J. W.* Electrical Testing labora¬ 
tories, New York, N, Y. 

IdiUs, G. H..- Case School of Applied Science, 
Cleveland. Ohiq 

Mldcela, B. J., Western Electric Co., Kearny, 
N.J. 

Muehter, M. W., Signal Engineering & Manufac¬ 
turing Oo., New York, N.Y. 

Norton, R. H., Southern California Edison Co., 
Big Creek, Calif. 

Pimmg, J. A.,* Brooklyn Edison Oo., Brooklyn, 
N.Y. * 

Plant, 0„ Public Service Electric & G& Co., 
Newark, N. J. * 

Pomeroy. J. G., (Member), U. 8. Navy, Btireau 
of I^igineering, Washington, D. C. . 


Renshaw, D. E., (Member). Westinghouse Elec. 

& Mfg. Oo., East Pittsburgh, Pa. 

Schmal, O. L., Illinois Testing Laboratories, Inc., 
Chicago, Ill. 

Schug, H. L., Cornell University, Ithaca, N. Y. 
fShlvely, E. K., Union Electric Light & Powei* Co., 
St. Louis, Mo. 

Stockton, H. M., Dallas Power & Light Co.. 

^ Dallas, Texas 

Swingle, D. R., Hedges, Walsh, Weidner Co.. 
Chattanooga, Tenif. 

Terpenlng, L. H., F5x-Oas6 Corp., New York» 
N.Y. 

Terrell, T. P.* (Member), Birmingham Tank Co., 
North Birmingham, Ala. 

Wallace, B. W. Toledo Edison Co., Toledo, Ohio 
Weiss, D., Midwest Electric Service, Casper. 

Wyoming 
Total 38. 

Foreign 

Anschau, J., New South Wales Government 
Railways & Tramways, Sydney, Australia 
Barton, O. A., The Rio de Janlero Tramway Lt. ^ 
Fr. Oo., Ltd., Rio do Janeiro, Brazil, So. 
America 

Blaus, B. T., Buenos Aires University, Buenos 
Airra, Argentina, So. America 
Chantrill, R. L.. British Thomson-Houston Oo., 
Ltd., WlUesden, London, Eng. 

Fernando, B. A., 112 Gower St., London, W. O. I, 
Eng. 

Gilbert, W., Bombay Boroda and Central India 
Railway, Borivlee P. O., India 
Payne, O. 0„ Rlegos y Fuerza del Ebro S. A. & 
Energia Electrlca de Oataluna, S. A., Barce- 
'' Iona, Spain 

Slebert, T. F., (Member), The Ultenhago'Muncl- 
pality, Uitcp^ge, South Africa 
White, T. G., Westcllfle Radio Service & Electri¬ 
cal Co., Westcliff-on-Sea, Essex, Eng. 

Wright, L. D., MunldFal Council of Sydney, 
Sydney. Australia 
Total 10. 

* ^ ^ STUDENTS ENROLLED 
Men, Renry O., Worcester Polytechnic Institute 
Deck, Harold, University of New Mexico r 

Gross, Morris H., Michigan College of Mining & 
Technology 

Gruber, Norma^ L., Michigan College of Mining 
& Technology 

Hanlon, Pat. H., University of Notre Dame 
Komerrica, Frank J., Michigan College of Mining 
& Technology ^ 

Kramer, Howard H., Michigan College of Mining 
& Technology 

Ledesma, Montano O., Engineering School of 
Mfiwaukee 

Little, &eorge R„ University of Southern Oalif. 
McCanna, F. James. State College of Washington 
Nelson, Lewis N., North Dakota Agricultural 
College 

Rowell, Irving H., University CjJ Washington 
Sawin, George A.. Jr., Harvard University 
Sawyer, Charles F., Michigan CoUege of Mining & 
Technology 

Schweitzer, William, Detroit Inst, of Technology 
South, Ben J., University of Notre Dame 
Stroyny, "Perdynand M. W., Worcester Poly¬ 
technic Insktute 

Thompson, Loren B., Drexel Institute 
Vers, Joseph Jr., University of Detroit 
Waisanen, Walter F., Michigan College of Mining 
& Technology 

Wyman, Arthur W., Northeastern University 
Yeomans, Richard H., McGill University 
Total 22. 
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Officers A. I. E. E. 1929-1930 

PRESIDENT , 

. (Term expires July 31, 1030) 

HAROLD B. SMITH 


JUNIOR PAST PRESIDENTS 

(Term expires July 31, 1930) (Term expires July 31, 1931) 

• BANCROFT GHERARDI R. P. SCHUCHARDT 

• VICE-PRESIDENTS 

(Terms expire July 31, 1930) (Terms expire July 31, 1931) 

E. B. MERRIAM (District No. 1) HERBERT S. EVANS (District No.6) 

H. A. KIDDER (District No. 3) W. S. ROEWMAN (District No. 4) 

W. T. RYAN (District No. 6) C. E. FLEAGER (District No. 8) 

B. D. HULL (District No. 7) E. C. STONE (District No. 2) 

G. E. OUINAN (District No. 9) * C. B. SISSON (District No. 10) 

DIRECTORS 

(Terms expire July 31, 1930) (Terms expire July sl, 1932) 

I. E. MOULTROP • J. ALLEN JOHNSON 

H. C. DON CARLOS A. M. MacCUTCHEON 

F. J, CHESTERMAN ^ A. E. BETTIS 

(Terms expire July 31, 1931 * (Terms expire July 31. 1933) 

P. C. HANKER * W. S. LEE 

E. B. MEYER J. A KEARNS 

H, P. LIVERSIDGE C. E. STEPHENS 

NATIONAL TREASURER NATIONAL SECRETARY 

(Terms expire July 31, 1930) 

GEORGE A. HAMILTON F. L. HUTCHINSON 


HONORARY SECRETARY GENERAL COUNSEL 

RALPH W. POPE PARKER & AARON 

30 Broad Street, New York 

• PAST PRESIDENTS—1884-1929 

*Norvin Green, 1884-5-6. Louis A. Ferguson, 1908-0. 

♦Franklin L. Pope, 1886-7. Lewis B; Stillwell, 1909-10. 

*T. CoMMERFORD MARTIN, 1887-8. Dugald C. Jackson, 1910-11. 

Edward Weston, 1888-0. Gang Dunn, 1911-12. 

Eliiiu Thomson, 1889-90. Ralph D. Mershom, 1912-13. 

♦William A. Anthony, 1890-91. C. O. Mailloux, 1918-14. 

♦Alexander Graham Bell, 1891-2. Paul M. Lincoln, 1014-16. 

Prank Julian Sprague, 1892-3. John J. Carty, 1015-16. 

♦Edwin J. Houston, 1893-4-5. H. W. Buck, 1916-17. 

♦Louis Duncan, 1896-6-7. E. W. Rice, Jr., 1917-18. 

♦Francis Bacon Crocker, 1918-.19 Comfort A. Adams, 1918-19. 

A. E. Kennelly, 1898-1900. Calvert Townley, 1910-20. 

♦Carl Hering, 1900-1. A. W. Berresford, 1020-21. 

♦Charles P. Steinmetz, 1901-2. William McClellan, 1921-22. 
Charles P. Scott, 1902-3. Prank B. Jewett, 1922-23. 

Bion j. Arnold, 1903-4. ^ , Harris J. Ryan, 1923-24. 

John W. LAsb, 1004-6. * Parley Osgood, 1024-26. 

♦SCHUYI.ER Skaats Wheeler, 1905-6. M. I. Pupin, 1925-26. 

♦Samuel Sheldon, 1006-7. C. C. Chesney, 1026-27. 

♦Henry G. Stott, 1907^^. . Bancroft Gkerardi, 1027-28. 

♦Deceased. * R. P- Schuchardt, 1928-29. 

LOCAL HONORARY SECRETARIES 
T. J. Fleming, Calle B. Mitre 619, Buenos 4»r<fc,TArgentina, S. A. 

H. W. Flaslim%a, Aus. Westinghouse Elec. Co. Dtd., Cathcart House, 

11 Castlereagh St., Sydney, N. S. W.,*Austrwia. 

Frederick M. Servos, Rio de Janeiro Tl*amways Lt. & Pr. Co., 

Rio de Janeiro, Brazil, S. A. 

A. P. M. Fleming, Metropolitan Vickers Elec. Co., TrsfFord Park, Manchester, 
England 

A. S. Garfield,.46 Bd. Beausej^ur, Paris 16 E., France. 

P. W. Willis, Tata Power Companies, Bombay House, Bombay, India. 

Guido Semenza, 39 Via Monte Napoleone, Milan, Italy. 

P. H. Powell, Canterbury College, Christchurch, Now Zealand. 

M. Chatelain, Lesnoi Polytechnic Institute, Apt; 27, Leningrad, U. S. S. R 
Axel F. Enstrom, 24a Grefturegatan, Stockholm, Sweden. 

W. Elsdon-Dow, P. O. Box 4563, Johannesburg, Transvaal, Africa. 


A. I. E* E. Committees 

GENERAL STANDING COMMITTEES 

EXECUTIVE COMMITTEE ^ 

Harold B. Smith, Chairman, Worcester Polytechnic Institute, Worcester, Mass. 
P. J. Chesterman# G. A. Hamilton, H. A. Kidder, 

Bancroft Gherardi, J. Allen Johnson, B. B. Meyer. 

FINANCE COMMITTEE 

E. B. Meyer, Chairman, 80 Park Place, Newark, N. J. 

H. A. Kidder, C. E. Stephens. 

MEETINGS AND PAPERS COMMITTEE 
A, E. Knowlton, Chairman, Dunham Laboratory, Yale University, New Haven, 
Conn. 

E. H. Hubert, Secretary, 33 W. 39th St,, New York, N. Y, 

V. Bush, H. A. Kidder, C. E. Skinner, ^ 

H. P. Charlesworth, L. W. W. Morrow, H. R^WooAow, 

W. H, Harrison, • T. A. Worcester. « 

Chairman of Committee on Coordination of Institute Activities, ex^oMcio. 

^Chairmen of Technical Committees, ex-officio. 


PUBLICATION COMMITTEE 

W, S. Gorsuch, Chairman, 600 W. 59th Street. New York, N. Y. 

H. P. Charlesworth, P. L. Hutchinson, E. B. Meyer. 

A. E. Knowlton, 

COMMITTEE ON COORDINATION OF INSTITUfs ACTIVITIES 
H. A. Kidder, Chairman, 600 W. 59th Street, New York, N. Y. 

W. S. Gorsuch. A. E. Knowlton, B. B. Meyer, 

F. L. liutcliinson, W. B. KouwenhdVen, L. P. Morehouse. 

• BOARD OF EXAMINERS 

E. H. Everit, Chairman, Southern New England Tel. Co., New Haven, Conn. 

J. T. Barron, S. P. Grace, L. W. W. Morrow, 

F. J. Chesterman, Erich Hausmann, A. L. Powell, 

H. W. Drake, A. H. Kchoe, S. D. Sprong, 

H. Goodwin, Jr., George Sutherland. 

SECTIONS COMMITTEE 

W. B. Kouwenhoven, Chairman, Johns Hopkins University, Baltimore, Md. 

B. S. Lee, W. S. Rodman, W, H. Timbie. 

I. M. Stein, 

Chairmen of Sections, ex-officio. 

COMMITTEE ON STUDENT BRANCHES 
W. H. Tifhbie, Chairman, Massachusetts Institute of Technology, Cambridge 
Mass. 

J. L. Beaver, Edward Bennett, Charles P. Scott. 

Herbert S. Evans, 

Counselors of Student Branches, ex-officio. 

MEMBERSHIP COMMIt^EE 

J. Allen Johnson, Chairman, Niagara Palls Power Co., Niagara Falls, N. Y. 
Vice-Chairmen 

B. F. Gehrkens, George J. Yundt, D. I. Cone, 

R. L. Kirk, * S. H. Mortensen, C. E. Carey, 

C. R. Jones, Herbert B. Dwight, E. M. Wood. 

James Harrison, 

Ex-Officio 

Chairmen of Section Membership Committees. 

HEADQUARTERS COMMITTEE 
R. H. Tapscott, Chairman, 124 E. 16th Street, New York, N. Y. 

P. L. Hutchinson, E. B. Moyer. • 

LAW COMMITTEE 

L. F. Morehouse, Chairman, 195 Broadway, New York, N. Y. 

. L. Beaver, G. L. Knight, E. C. Stone. 

W. I. Slichter. • 


PUBLIC POLICY COMMITTEE 

D. C. Jackson, Chairman, 31 St. James Avenue, Boston, Mass. 

C. C. Chesney, P. B. Jewett, Harris J. Ryan, 

Gano Dunn. John W. Lieb, R. F. Schuchardt. 

STANDARDS ^COMMITTEE 

P. D. Newbury, Chairman, Westinghouse Elec. & Mfg. Co., East Pittsburgh, Pa. 
H. E. Farrer, Secretary, 33 W. 39th St., New York, N. Y- 

C. M. CJilt, J. P. Meyer, L. T. Robinson, 

Q. R. Harte, V. M. Montsinger,. C. B. Skinner, 

A. M. MacCntcheon, W. I. Slichter. 

Ex-OJficio 

Chairmen of Working Committees. 

Chairmen of A. I. E. E. delegations on other standardizing bodies. 

President of U'. S. National Committee of I. B. C. 

EDISON MEDAL COMMITTEE 
Appointed by the President for term of five years. 

(Terms expire July 31,1930) 

George Gibbs, Samuel Insull,Chairman, Ralph D. Mershon. 

(Terms expire July 31, 1931) 

Jbhn W. Howell, L. F. Morehouse, David B. Rushmore. 

(Terms expire July 31, 1932) 

Paul M. Lincoln, C. E. Skinner. 

• (Terms expire July 31,1933) 

' C. P, Harding, D. C. Jackson, Elmer A. Sperry. 

(Terms expire July 31,1934) 

L. W. W. Morrow, % W. S. Rugg, ' R. F. Schuchardt. 

Elected by the Board of Directors from its own membership for term of two years' 
(Terms expire July 31, 1930) 

B. Gherardi, H. A. Kidder, E. B. Merriam. 

(Terms expire July 31, J.031) 

J, Allen Johnson. W. S. Lee,^ A. M. MacCutcheon. 

Ex-Officio 

Harold B. Smith, President, George A. Hamilton, National Treasurer , 

F. L. Hutchinson, National Secretary. 
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Journal A. I. E. E. 


LAMMB MEDAL COMMITTEE 
(Terms expire July 31, 1930) 

P. M. Lincoln, B. B. Meyer, L. W. W. Morrow. 

(Terms expire July 31,1931) 

H. H. Barnes, Jr., Charles F. Scott, Chairman N. W. Storer. 

(Terms expire July 31, 1932) 

A. C. Bunker, H. P. Charlesworth, C. C. Chesney. 

COMMITTEE ON CODE OF PlfiNCIPLES OF PROFESSIONAL CONDUCT 

P. B. Jewett, Chairman, 196 Broadway, New York, N, Y. 

A. H. Babcock, John W, Lieb, R. F. Schuchardt, 

G, Faccioli, Harris J. Ryan, John B. Whitehead. 

COMMITTEE ON COLUMBIA UNIVERSITY SCHOLARSHIPS 
W. I. Slichter, Chairman, Columbia University, New York, N. Y. 

Francis Blossom, H. C. Carpenter. 

COMMITTEE ON AWARD OF INSTITUTE PRIZES 
A. E. Knowlton, Chairman, Dunham Laboratory, Yale University, New Haven, 
Conn. 

H. P. Charlesworth. W. S. Gorsuch, S. M. Kintner. 

COMMITTEE ON SAFETY CODES 
A. W. Berresford, Chairman, 1 Fifth Avenue, New York, N. Y. 

A. E. Bettis, J. P. Jackson, R. H. Nexsen,^ 

Philander Betts, M. G. Lloyd, John D. Noyes, 

L. L. Elden, Wills Maclachlan, F. A. Pattison, 

J, C. Forsyth, F. V. Magalhaes, H. R. Sargent, 

H. B. Gear, R. W. E. Moore, H. S. Warren. 

SPECIAL COMMITTEES 

ADVISORY COMMITTEE TO THE MUSEUM OF THE PEACEFUL ARTS 
P. Jackson, Chairman, 130 East 16th Street, New York, N. Y. 

Randolph H. Nexsen, George K. Thompson. 

TECHNICAL COMMITTEES 

AUTOMATIC STATIONS 

F. Zogbaum, Chairman, New York Edison Co., 130 E. 15th St., New York, N. Y. 


ELECTROCHEMISTRY AND ELECTROMETALLURGY 


P. H. Brace, Chairman, Westinghouse B. & M. Co., 


Lawrence AddJcks, 
A. N. Anderson, 

T. C. Atchison, 
Farley G. Clark, 

S. K. Colby, 

P. A. J. Fitzgerald, 
J. C. Hale. 


F. C. Hanker, 

W. E. Holland, 

S. A. Huntington, 

F. A. Lidbury, 

R. G. Mansfield, 

C. G. Schluederberg, 
J. A. Seede, 

C. E. Sisson, 


East Pittsburgh, Pa. 
H. Speight, 

Ma^us Unger, 

G. W. Vinal, 

J, B. Whitehead, 

E. A. Williford, 

J. L. Woodbridge, 

C. D. Woodward. 


P. H. Adams, 
Caesar Antoniono, 
L, D. Bale, 

G. Q.^B^own, 

H. C. Don Carlos, 


G. A. Kositzky, Chairman, 

land, Ohio. 

G. R. Benjamin, 

W< H. Capen, 

H. P. Charlesworth, 

F. J. Chesterman, 

J. L. Clarke, 

R. N. Conwell, 

Bv R. Cummings, 

H. W, Drake, 


Ernest S. Fields, 

Joseph Hellenthal, 

E. L. Hough, 

Chester Lichtenberg 

COMMUNICATION 
Ohio Bell Telephone Co., 


S. J. Lisberger, 

W. H. Millan, 

Otto Naef, 

L. J. Turley, 

R. J. Wensley. 

760 Huron Road, Cleve- 


R. D. Evans. J. L.’Niesse, 

E. H. Everit, H. S. Osborne. 

D. H. Gage, R. D. Parker, 

S. P. Grace, F. A. Raymond. 

Erich Hausmann, J. K. Roosevelt, 

H. L. Huber, H. A. Shepard, 

Ray H. Manson, H* M. Tttmer. 

J. W. Milner, F. A. Wolff. 

EDUCATION 

Edward Bennett, Chairman, University of Wisconsin, Madison, Wis. 
H. H. Henline, Secretary, 33 W. 39th St., New York, N. Y, 


ELECTROPHYSICS 

0. E. Buckley, Chairman, 463 West Street, New York, N. Y. 

V. Bush, W. B. Kouwenhoven, H. Nyquist, 

W. P. Davidson. G. M. J. Mackay. W. S. Rodman, 

C. L. PortescuQe K. B. McEachron, J. Slepian, 

A. Hund. R. A. Millikan, • F. B. Terraan, 

Liaison Representatives of American Physical Society: 

Professor Leigh Page, Dr. W. F. G. Swann, 

GENERAL POWER iPPLICAHONS 

J. F. Gaskin, Chairman, Phi^delphia Electric Co., 1000 Chestnut St.» 
Philadelphia, Pa. 

D. H. Braymer, E. W. Henderson, H. W. Price, 

C. W. Drake, P. C. Jones, N. R. Stansel, 

C. W. Falls, A. M. MacCutcheon, E. C. Stone, 

Clyde D. Gray, N. L. Mortensen, W. H. Timbie, 

C. Francis Harding, D. M. Petty, M. R. Woodward. 

INSTRUMENTS AND MEASUREMENTS 
Everett S. Lee, Chairman, General Electric Co., Schenectady, N. Y. * 

O. J. Bliss, W. N. Goodwin, Jr., F. A. Laws, 

Perry A. Borden, F. C. Holtz, T. E. Penard, 

W. M. Bradshaw, J. Allen Johnson, R. T. Pierce, 

H. B. Brooks, I. F. Kinnard, E. J. Rutan, 

A. L. Cook, A. E. Knowlton, G. A. Sawin, 

E. D. Doyle, H. C. Koenig, R. W. Sorensen, 

Melville Eastham, W. B. Kouwenhoven, H. M. Turner. 

APPLICATIONS TO IRON AND STEEL PRODUCTION 

M. M. Fowler, Chairman, General Electric Co., 230 S. Clark St., Chicago, Ill. 
A. C. Bunker. A. M. MacCutcheon, G. E. Stoltz, 

F. B. Crosby, A. G. Pierce, Wilfred Sykes. 

A. C. Cummins, F. O. Schnure, T. S. Towle, 

S. L. Henderson, B. Shiric, J. D. Wright. ^ 

PRODUCTION AND APPLICATION OF LIGHT 
George S. Merrill, Chairman, Nela Park, Cleveland, Ohio. * 

J. W. Barker, E. E. Dorting, P. S. Millar, 

W. T. Blackwell, L. A. Hawkins, W. T. Ryan, 

H. S. Broadbent, H. H. Higbie, fi. E. Shackelford, 

J. M. Bryant, W*. C. Kalb, f:, J. Stahl. 

W. T. Dempsey, C. L. Kinsloe, G. H. Stic^ey. 

APPLICAflUNS TO MARINE WORK 
W. E. Thau, Chairman, WestinghodSse Elec. & Mfg. Co., 160 Broadway, New 
York, N. Y. 



M. W. Alexander, 

- W. B. Hartshome, 

W. T. Ryan, 

J. L. Wilson, Secretary. 




B. W. Allen, 

B. A. Loew, 

R. F. Schuchardt, 

Edgar C. Alger, 

H. L. Hibbard. ^ 

Edgar P. Slack, 

i 

B. J. Berg, 

A. H. Lovell. 

G. B. Thomas, 

H. C. Coleman, 

A. Kennedy, Jr., • 

H. M. Southgate, 


P, S. Biegler, 

J. H. Morecroft. 

W. H. Timbie, 

E. M. Glasgow, 

J. B. Lunsford, 

A. E. Waller. 

1; 

H. W. Buck. 

H. S. Osborne, 

W. E. Wickenden, 

H. F. Harvey, Jr., 

E. B. Merriam, 

Oscar A. Wilde* 

1 ; 

H. E. Dyche, 

J, C. Parker, 

C. C. Whipple, 

C. J. Henschel, 

I. H. Osborne, 

R. L. Witham, 


0. J. Ferguson, 

H. W. Price, 

W. S. Rugg, 

W. R. Work. 

Wm. Hetherington, Jr., 

G. A. Pierce, 

W. H. Reed. 

W. N, Zippier. 


ELECTRICAL MACHINERY 
Philip L. Alger, Chairman, General Electric Co., Schenectady, N. Y. 


E. B. Paxton, Secretary. 
L. F. Adams, 

B. L. Bams, 

W. M. Daim, 

H. B. Dwight, 

W. J. Poster, 

C. M. Gat, 

W. S. Gorsuch, 


A. L. Harding, V. M. Montsinger, 

C. F. Harding, E. L. Moreland, 

S. L. Henderson, F. D. Newbury, 

J. Allen Johnson, R. W. Owens, 

H. C. Louis, A. M. Rossman. 

A. M. MacCutcheon, R. B. JVilliamson, 

O. K. Marti, H. L. Zabriskie. 

L. W. McCullough, • 

ELECTRIC WELDING 

A. M. Candy, Chairman, Westinghouse E. & M. Co., Bast Pittsburgh, Pa. 
C. A. Adams, H. M. Hobart, A. M. MacCutcheSn, 

C.'jT. Holslag, B. T. Mottinger, 

C. L. Ipsen, J. W. Owens, 

y. C. Lincoln, WUliam Spraragen. 

Ernest Lunn, 


APPLICATION^ TO MINING WORK 
Carl Lee, Chairman, 1652 McCormick Building, Chicago, Ill, 

A. R. Anderson, » B. J. Gealy, 8.0. MUler, 

Graham Bright, L. C. Ilsley, W. F. Schwedes, 

John H. Edwards, J. B. Kearns, F. L. Stone, 

Frank E. Fisher, W. H. Lesser, J. F. V^ggert. 


P. F. Alexander* 

C. W. Bates, 

Alexander Churchward, 


F. A. Allner, Chairman, 
Baltimore, Md. 

J. W. Andres, 

H. W. Brooks, 

J. B. Crane, 

N. E. Punk, 

W. Gorsu^, 

F. C. Hanker, • 

C. P. Hirshfeld, 


POWER GEISERATION 

Pennsylvania Water & Power Co., Lexington Building, 


F. H. Holhster, 

A. H. Hull, 

J. H. Lawrence, 
W. S. Lee, 

F. T. LeiUch, 

H. W. Leitch, 

B. B. Meyer, 

B. L. Moreland, 


I. E. Moultrop, 
P. A. Scheffler, 
A. B. Silver, 

W. F. Sims, 
Arthur R. Smith, 
E. C. Stone, 

R. W. Stovel. 
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POWERITRANSMISSION AND DISTRIBUTION BOARD OF TRUSTEES, UNITED ENGINEERINO SOCIETY 

H. R. Woodrow, Chairman, Brooklyn Edison Co., Pearl & Willoughby, Sts., H. P. Charlesworth, H. A. Kidder, G. L. Knight, 

Brooklyn, N. Y. r«irA'nT'»c» a ini-ktafSTur Ta itim TAVOVAortxr IMTWI 


P. H. Chase, Vice-Chairman, Philadelphia, Pa. 


R. E. Argersinger, 
R. W. Atkinson, 
T. J, Brandon, 
A. B. Campbell, 
R. N. Con well, 

O. G. C. Dahl, 

H. C. Dean, 

E. W. Dillard, 

L. L. Elden, 


R. D. Evans, 

F. M. Farmer, 

J. H. Foote, 

K. A. Hawley. 

D. C. Jackson, Jr., 
A. H. Lawton, 

L. L. Perry, 

T. F. Peterson, 

G. E. Quinan, 

D. W. Roper, 


A. E. Silver, 

C. T. Sinclair, 

L. G. Smith, 
Philip Sporn, 

H. C. Sutton, 
Percy H. Thomas, 
H. S. Warren, 

R. J. C. Wood. 

T. A. Worcester. 


PROTECTIVE DEVICES 

E. A. Hester, Chairxnan, 43S Sixth Ave., Pittsburgh, Pa. ^ 

L. E, Frost, Secretary ^ 

J. E. Allen, H. Halperin, N. L. Pollard, 

Raymond Bailey, F. C. Hanker, A. M. Rossman, 

A. C. Cummins, J. Allen Johnson, A. H. Schirmer, 

H. W. Drake. M. G. Lloyd, H. P. Sleeper. 

W. S. Edsall, J. B. MacNeUl, • R. M, Spurck. 

E. S. Fields. J. P. McKearin, E. R. Stauffacher, 

E. E. George, R, C. Muir, H. R. Summerhayes. 

RESEARCH 

S. M. Kintner, Chairman, Research Dept., Westinghouse E. & M. Co., East 
Pittsburgh, Pa. 

H. D, Arnold, W. P. Dobson, • Chester W. Rice, 

Edward Bennett, P. M. Parmer, D. W. Roper, 

V. Bush, J. Allen Johnson, R. W. Sorensen, 

E. H, Colpitts, V. Karapetoff, T. Spooner, 

E, C. Crittenden, A. E. Kennelly, T. S. Taylor, 

W. P. Davidson, P. W. Peek, Jr., John B. Whitehead. 

TRANSPORTATION 

Sidney Withington, Chairman, N. Y., N. H. & H. R. R. Co., New Haven, Conn. 
Reinier Beeuwkes, W. K. Howe, A. S. Richey, 

A. E. Bettis, D. C. Jackson, N. W. Storcr, 

J. V. B. Duer, John Murphy, W, M. Vandersluis, 

H. H. Field, W. S. Murray, H. M. Warren, 

K. T. Healy, W. B. Potter, Richard H. Wheeler, 

E. R. Hill, Ralph H. Rice. G, I. Wright. 

• A. I. E. E. Representatives 

, ALFRED NOBLE PRIZE COMMITTEE 
H. P. Charlesworth. 

AMERICAN ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE 
• COUNCIL 

Edward Bennett O. J. Ferguson. 

AMERICAN BUREAU OF ^LDING 
H. M. Hobart 

• • • 

AMERICAN COMMITTEE ON ELECTROLYSIS 

B. J. Arnold, N. A. Carle, • F. N. Waterman. 

AMERICAN ENGINEERING COUNCIL ASSEMBLY 
H. H. Barnes, Jr., *M. jf. Fowler, ♦Parley Osgood, 


A. W. Berresford, 
C. 0. Bickelhaupt, 
C. C. Ohesney, 

F. J. Chesterman, 
♦John H. Finney, 


F. L. Hutchinson, 
♦H. A. Kidder, 
William McClellan, 
L. F. Morehouse, 

I. E. Moultrop, 


E. W. Rice, Jr., 
*R. P, Schuchardt, 
Charles F. Scott, 
*C. B. Skinner, 
Calvert Townley. 


♦Representatives on Administrative Board. 

AMERICAN MARINS STANDARDS 
COMMITTEE 
R. A. Beekman • • 

AMERICAN STANDARDS ASSOCIATION 
F. D. Newbury, • John C. Parker, L. T. Robinson. 

H. H. Henline, H.M. Hobart, H. S. Osborne, Alternates. 

AMERICAN YEAR BOOK, ADVISORY BOARD 
Henry H. Henline 


CHARLES A. COFFIN FELLOWSHIP AND RESEARCH FUND 
COMMITTEE 
Harold B. Smith 

COMMITTEE OF APPARATUS MAKERS AND USERS, 
NATIONAL RESEARC]!^ COUNCIL 
C. E. Skinner 

COMMITTEE ON ELIMINATION OP FATIGUE, SOCIETY OF 
INDUSTRIAL ENGINEERS 
C. Francis Harding 

COMMITTEE ON HEAT TRANSMISSION, NATIONAL RESEARCH 
COUNCIL 
T. S. Taylor 

ENGINEERING FOUNDATION BOARD 
Gano Dunn, L. B. Stilwell. 

JOHN FRITZ MEDAL BOARD OF AWARD 
C. C. Chesney, Bancroft Gherardi, Ri«F- Schuchardt. 

M. I. Pupin, 

* JOINT COMMITTEE ON WELDED RAIL JOINTS 
D. D. Ewing, A. P. Way. 

JOINT CONFERENCE COMMITTEE OF FOUNDERS SOCIETIES 
The Presidents and Secretaries, ex-ojffUio. 

LIBRARY BOARD OF UNITED ENGIBffeERING SOCIETY 
Edward D, Adams, P. L. Hutchinson, W. 1. Slichtei. 

W. B. Jackson, 

NATIONAL FIRE PROTECTION ASSOCIATION, ELECTRICA 
COMMITTEE 
A. W. Berresford. 

NATIONAt FIRE WASTE COUNCIL 
John H, Finney, A. W. Berresford. 

NATIONAL RESEARCH COUNCIL, ENGINEERING DIVISION 
P. B. Jewett, S, M. Kintner, F. W. Peek, Jr..** 

P. L. Hutchinson, ex-officio, 

• 

NATIONAL SAFETY COUNCIL, ELECTRICAL COMMITTEE 
A. S. S. B.-~SNGINE£RING SECTION 
A. W. Berresford • 

THE IJEWCOMEN SOCIETY 

RADIO ADVISORY COMMITTEE, BUREAU OP STANDARDS 
A, E. Kennelly 

SOCIETY FOR THE PROMOTION OF ENGINEERING EDUCATICWSf 
BOARD OF INVESTIGATION AND COORDINATION 
Gano Dunn, Prank B. Jewett. 

U. S. NATIONAL COMMITTEE OF THE INTERNATIONAL 
COMMISSION ON ILLUMINATION 
A. E. Kennelly, C. 0. Mailloux, Clayton H. Sharp. 

U, S. NATIONAL COMMITTEE OP THE INTERNATIONAL 
ELECTROTECHNICAL COMMISSION 


E. W. Allen, 

W. A. Del Mar, 
Gano Dunn, 

F. C. Hanker, 

C. R. Harte, 

H. M. Hobart, 

• 

D. C. Jackson, 
P. B. Jewett, 

A. B. Kennelly, 
JTohn W. Lieb, 


F. V. Magalhaes, 

C. 0. Mailloux, 

William McClellan, 

B. B. Meyer, (ex-officio) 

J. P. Meyer, 

F. D. Newbury, (ex-officio) 

H. S. Osborne, 

Farley Osgood, 

F. W. Peek, Jr., 

B. W. Rice, Jr., 


L. T. Robinson, 

D. W. Roper, 
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Milwaukee School of Engineering of, 163 B. Wells St., 

Milwaukee, Wis.John D. Ball 

Minnesota University of, Minneapolis, Minn.J. H. Kuhlmann 

Mississippi Agricultural & Mechnical College, A. & M. 

College, Miss.L. L. Patterson 

Missouri School of Mines & Metallurgy, Rolla, Mo.I. H. Lovett 

Missouri, University of, Columbia, Mo.M. P. Weinbach 

Montana State College, Bozeman, Mont.J. A, Thaler 

Nebraska, University of, Lincoln, Neb.F. W. Norris 

Nevada, University of, Reno, Nevada...^.S. G. Palmer 

Newark College of Engineering, 367 High SL, Newark, N.J. J. C. Peet 

New Hampshire, University of, Durham, N. H.L. W. Hitchcock 

New York, Co[(ege of the City of, 1301^ St. & Convent Ave., 

New York, N. Y.Harry Baum 

New York University, University Heights, New York, N.Y. J. Loring Arnold 

North Carolina State Collie, Raleigh, N. C.R. S. Fouraker 

North Carolina, University of. Chapel Hill, N. C.J. E. Lear 

North Dakota Agricultural College, State College Sta., 

Fargo, N. D.. H. $. Rush 

North Dakota, University, University Station, GtfCn9 Forks, 
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JNDUSTRTAL NOTES 


Journal A. I. E. E. 


DIGEST OF CURRENT INDUSTRIAL NEWS I 

** I 

. , I 


NEW CATALOGUES e AND OTHER PUBLICATIONS 

Mailed to interested readers by issuing companies 

Park Cable* —^Bulletin, 12 pp. Describes “Condex’* park 
cable for use in underground systems of distribution. Simplex 
Wire & Cable Co., Boston, Mass. 

Pipe Fittizids* —^Bulletin 70. Describes the Delta-Star 
drop forged ^‘Unielamp” pipe fittings, a radically new type of 
fitting comprising five parts from whicli innumerable combina¬ 
tions can be assembled in the field. DeltarStar Electric Com¬ 
pany, 2400 Block, Pulton Street, Chicago, Ill. 

Motors. —^Bulletin 159,4 pp. Describes Wagner large vertical 
motors covering* all types in ratings of 1}4 to 30 horsepower. 
Wagner Electric Corporation, 6400 Plymouth Street, St. Louis, 
Mo. ^ 

Choke Coils. —Bulletin 23, 8 pp. Describes Pacific Electric 
T 3 npe C choke coils, insulator mounted and suspension types. 
Pacific Electric Manufacturing Corp., 5815 Third St., San Fran¬ 
cisco, Cal. a 

Mine Locomotives. —^Bulletin 1841, 26 pp. Describes the 
various types of Baldwin-Westinghouse mine and industrial loco¬ 
motives. Westinghouse Electric & Manufacturing Co., East 

^Pittsburgh, Pa. 

Meters. —^Bulletin 73 Addenda, 4 pp. Describes narrow- 
type BN[ switchboard meters for alternating current, designed 
for maximum utilization of space without sacrifice of either per¬ 
formance or appearance, Sangamo Electric Companv, Spring- 
field, m. 

'^tcrrent Transformers. —Bulletin 25,4 pp. Describes Pacific 
Electric neutral current transformers for residual relays on 
founded neutral systems. Characteristics and applications of 
these instruments are shown. Pacific Electric Manufacturing 
Corp., 5815 Third St., San Francisco, Cal. 

'• Controllers. —^Bulletin 114, 8 pp. Describes Monitor auto¬ 
matic, brake-stop, printing press controllers intended for applicar 
tion to alternating-current, slip-ring motors. The Monitor 
Controller Co., 55 E. Gay St., Baltimore, Md. 

'' Electric Heat for Industry. —Bulletin, 34 pp. This book¬ 
let was compiled by the Publio Service Company of Northern 
Illinois, 72 West Adams St., Chicago, for the education of its 
customers on electric heat and its industrial application. 

OH Purlfliers.~Bulletin 20240-C, 4 pp. Describes Sharpies 
Super Centrifuge oil purifiers. The capacity of the units ranges 
from 180 to 1200 gallons. Westinghouse Electric & Mamifac- 
turmg Company, East Pittsburgh, Pa. 

Circuit Breakers. —^BuUetm C-1852, 8 pp. Describes types 
P-24 and F-24-R oil circuit breakers with current ratings of 400, 
600 and 800 amperes at operating voltages of 15,000 or less. 
Westinghouse Electric &Mfg« Co., East Pittsburgh, Pa. 

Groundometers.—^Bulletin 110, 12 pp. Describes the 
“Groundometer,” a modified Wheatstone bridge designed pfur- 
tioularly for measuring the resistance of earth electrodes. The 
Borden Electric Co., 480 Broad St., Newark, N. J. 

Electrical Maintenance Equipment. —Catalog 14, 44 pp. 
Describes the complete line of Martindale electrical maintenance 
equipment, including undercutting and slottmg*devices, commu¬ 
tator stones, blowers, sprayers, insulatioiPmeters, circuit testers, 
etc. The Martindale Electric Company, 1260 West 4th Street, 
Cleveland, 0. 

Meters. —Bulletin C-1753-A ‘^Registers of Revenue,*’* 12 pp. 

• The requisites of a good watthour meter and its construc¬ 
tion are explained,, and a short discussion on the origin and his¬ 
tory of the watthour meter is included. OB’^ meters, portable 
meters and remote control meters with equipment are described. 
The need of subdivided metering is discussed with the aj^ of 
charts, Westinghouse Electric & Manufacturing Company, 
East Pittsburgh, P^. ^ 
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NOTES OF THE INDUSTRY 

The Champion Switch Company, Kenova, West Va., are 

adding 10,000 feet of^oor space to their switch assembly depart¬ 
ment to take care of increasing demands for this equipment. 
The New York office of the Company has been moved from 2 
Rector Street to 140 Cedar Street, where increased space and 
facilities have been secured. 

Warner Electric Organization Clmndes. —^The Wagner 
Electric Corporation of St. Louis, announces the transfer of F. C. 
Hosimer from the St. Louis hoine office to the Chicago branch 
sales office. Ralph R. Rugheimer is now a member of the 
Atlanta branch sales offi^^e. The Cleveland service station and 
branch sales office has been moved to a new building at 3756 
Carnegie Avenue. 

Another Larde Unit for Brooklyn Edison. —An order has 
been placed with the Westinghouse Electric & Manufacturing 
Company for a 110,000 kw. generating unit consisting of steam 
turbine, condensing equipment and electric generator to be 
installed as the sixth unit in the Brooklyn Edison Company’s 
Hudson Avenue Station. It is expected that the new equipment 
will be ready for operation in the spring of 1931. With this 
installation, the capacity of the Hudson Avenue Station will be 
450,000 kw. When completed the station will have eight gener?- 
ating units with a total capacity in excess of l,000,000horsepower. 

General Electric Consolidates Supply Companies.— 
Effective October 1,1929, the fourteen wholesale distributing cor¬ 
porations owned by the General Electric Company will be con¬ 
solidated into the General Electric Supply Corporation (of 
Delaware). These companies have for many years distributed 
General Electric products and the plan involves no change of 
ownership. The consolidated corporation will be in a' much 
better position to offer nation-wide service through its ability to 
give service from any one of the seventy-six houses, through inter¬ 
changeability of stocks, and speedier and more economical 
operation. 

Changes in Allis-Chalmers Organization. —J. R. Jeffrey, 
manager of the eleplirioal department of the Allis-Chalmers 
Manufacturing Company, Milwaukee, has resigned and is retir¬ 
ing after twenty-eightVe^s** service with the company. During^ 
his connection with the electrical department it has grown from a 
small beginifiing to one of the largest departments of the com¬ 
pany. R. S. Fleshiem succeeds My. Jeffrey, He has been with 
the company since 1919 as assistant manager of the electrical 
department. L. W. Grothaus, assistant manager of the elec¬ 
trical department has been transferred from the company’s 
Bullock Works at Norwood, 0., to Milwaukee, succeeding Mr. 
Fleshiem. C. J. Rattermann has been appointed assistant man¬ 
ager of the electrical department and will be located at the Nor¬ 
wood plant. W. G. May hasbeenappointedmanager of the Cincin¬ 
nati district q|&ce, located in the First National Bank Building. 

A New Wire Producer. —George A. Jacobs, founder and 
former president of the Dudlo Manufacturing Company, and 
his associates, have organized the Inca Manufacturing Corpora¬ 
tion at Fort Wayne, Indiana, to manufacture copper wire prod- 
.ucts for electric, radio, automotive and kindred industries, 
specialfzing in magnet wire and windings. Offices have already 
been established and construction of a mammoth plant is well 
under way on the eleven-acre factory site purchased. It is 
expected, to have the plant in operation in actual production 
v4thin the next few weeks. The first unit of the factory covers 
an^ea of 2(Jt) by 300 feet, and will-afford immediate employ¬ 
ment for 500 workers. It is panned to establish another large 
factory unit at Los Angles, CaJifornia, later. Officers of tho 
new company are: George A. Jacobs, president; Wendell C. 
Glass, ;rioe-president; George W. Spindler, secretary-treasurer 
and S. A. Jacobs, in charge of sales. 
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A Message From the President. 


The Inter-relationship of the 
Branch and the Studeilt Member 


T he one hundred College Branches of the American Institute of Electrical Enginee>;s are 
so many laboratories located by the Institute at various engineering colleges of the 
United States to serve in the training of prospective engineers. They are not laboratories 
where circuits, instruments, and electrical machinery and systems are dealt with exclusively, 
but rather are they laboratories where elements of management, organization, leadership, and 
the ability of the Student to express himself before his fellows in good English are important. 
They are intended as a help in training young men toward that part of a defeition of engi¬ 
neering, ‘‘the art of organizing and directing men,” as well as in the acquisition of technical 
knowledge. The Branches are of advantage to the college, to the Student Member, and to 
the Institute: to the college they serve to develop an important element in the training by 
the laboratory method, to the Student Member they offer experience, and the Institute wel¬ 
comes to its Associate membership, and prospective membership, those college graduates 
who, meeting its requirenjents have had two or more years’ training as Student Members in 
Branch organization and work. Student Members are that much sooner ready to take up the 
duties of Section membership after graduation. 

As pointed out in the August issue of the Journal, it is experience in the actual conduct of 
the affairs of the Institute that is important to enable one to fulfill his obligation to his pro¬ 
fession.* The Branch offers that experience to the Student Member at the earliest possible 
opportunity and the Student Member who avails himself of the opportunity is earliest in a 
position to meet such obligation and to further advance himself in his chosen profession. 

The object of the Bfanch being to offer experience to the Student Member in the con¬ 
duct of affairs of theflrjstftute, and the object of the Student Member being to acquire such 
experience, it is of mutual advantage to have the activities of the Branch conducted as fully 
as possible by its Student membership. This naturally comes through service,—service .on 
committees, iQ the presentation of papers, in pertinent discussion, as an officer or delegate* to 
conventions, ttc. Each Student Member should find a useful place for himself in his Branch. 

A fruitful stimulus to the Branch often comes from an occasional address by an older 
member of the Institute, in a joint meeting with a Section, in a convention, in an electrical 
show, some social function, or a trip to important engineering work, but it is believed that the 
primary purpose of the Branch is experience for the Student Member however obtained. 

Especially is it urged that the college student should recognize, in joining his Branch and 
becoming a Student Member of the American Institute of Electrical Engineers, that he has 
become a member of his nation^ professional society and also that he be so recognized by 
others. By that act he has affiliated himself with a great professional organization with 
which, in its several successive grades, he may hope to continue for life. It is a dignified and 
appropriate step for him to take during his college’days and worthy of all respect as indicat¬ 
ing a serious purpose in life. 

* Presut^ni 
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N£)TES AND COMMENTS 


Some Leaders 

of the A. I. E. E. 

Wm. A. Del Mar, Chief Engineer of the Habirshaw 
Cable and Wire Corporation since 1917, was born at San 
Francisco, California, December 16,1880. His father, 
then a well-known mining engineer, retired in 1887 
and took his family to Europe in order that he might in¬ 
dulge his hobby of historical and archaeological 
research. This led to the son’s being brought up in an 
atoospher^ of research, and receiving most of his educa¬ 
tion in Paris and London, in which latter city he was 
graduated as electrical engineer from the City and 
Guilds College, in 1900. During his lastyearatcollege, 
Mr. Del Mar assisted W. B. Duddell andMrs. Ayetonin 
their classic ^ork on the carbon arc, during the course 
of which the oscillograph and thermo-galvanometer 
were developed. 

Returning to America, Mr. Del Mar spent a year at 
Schenectady and then entered the electric traction field 
in New York CRy, being successively associated with 
the electrifications of the Manhattan elevated (1902- 
1904), the New York Central Terminal (1904-1915), 

. and the Interborough subways (1915-1917). 

In his capacity of Technical Assistant in the organi¬ 
zation headed by the late Edwin B. Katte, Mr. Del Mar 
designed the basic features of the transmission and dis¬ 
tribution systems for the New York suburban zone, 
and made economic studies of electrifications for various 
.other divisions of the New York Central Lines. 

This work attracted the attention of the late H. G. 
Stott, then in charge of the electric power supply for 
. the Interborough Rapid Transit Co., and in 1915 Mr. 
Del Mar was engaged to develop a composite 
Iransi^on and distpbution for the entire system, 

. including existing and projected subways, elevated lines, 
and surface railways. This workwas completed in 1917 
^d Mr. Del Mar, whose special interest had long been 
in wire and cable problems, became associated with 
the Habi^aw Electric Cable Co. as Chief Engineer. 

So active was this interest in the early days of his 
railroad career that in 1909 he pubhshed a book on the 
subject entitled “Electric Power Conductors.” While 
writing this book he became keenly aware of the lack of 
standards in the and cable field and started a mover 

ment which culminated in the present A. I; E. E. Wire 
and Cable Standards which were prepared by com¬ 
mittees under his chairmanship. In 1911 Mr Del l&ar 
organized and headed the Joint Rubber Insulation 
Coi^ttee which developed the present standard 
method of cheihical analysis for rubber compounds ‘ 
Mr, Del Mar’s interest in electrical standardization 
has been keen and active in many lines. He has been a 
member of the Standards Committee of the A. I. E. E. 
since 1913, ^d has^served for many years on the Ameri- 
^ Con^ttee of the Ihtemational Electrotechnical 
Commission. He is now Chainnan of the A. S A Sec¬ 
tional Committee on Insulated Wires and Cables 
spo^i^d bj^ ten technical and industrial societies! 
JVir. Del Mar served as a Manage of the Institute 


Journal A. I, B. B. 


1917-21 and was the first Vice-President for the New 
York District to be elected under the regional plan 
1921-22. He has also served on several of the Institute’s 
tMhnical committees, and on committees of other tech¬ 
nical societies, including the N. E. L., A., A. S. T. M., 
A. E. R. A., Insulated Power Cable Engineers’ Assn! 
and Assn, of Railway Electrical Engineers. 

The Habi^aw Electric Cable Co. was one of the 
oldest firms in its line and Mr. Del Mar’s engagem^t 
was part of a very extensive program of rehabilitation 
and modferaization undertaken by-a new management. 
The most important task was thercreation of a modern 
research laboratory. Here, beginning in 1918, pioneer 
work was done on stresses in cables, dielectric loss, 
paper density, vacuilm formation in cables, etc., much 
of which has been described in Institute papers and dis¬ 
cussions since 1919. A paper on Vacua in High-Ten¬ 
sion Cables, which gave an explanation of how a num¬ 
ber of sound lengths of cable, when joined together, 
might give an unsound line, has had a marked influence 
on the design of high-tension cable lines. 

During the War, the wire and cable industry was 
worked to capacity producing supplies for the Army 
and Navy and Mr. Del Mar’s time was taken up with 
tte special problems that arose from this condition. 
He found time, however, to organize and act as chair¬ 
man of a committee appointed by the A. I. E. E. to 
assist the War and Navy Departments in their cable 
problems, especially those relating to the new elec- 
tncally-driven baltieships. After the War, th§re de¬ 
veloped out of this committee an important peace-time 
activity, the Insulation Committee of the National 
Res^ch Council, of which Mr. Del Mar is Vice- 
Chairman. He was also member of a War Committee 
created by the Founder Societies to And technical 
experts for the government. 

During 1923-24 Mr. Del Mar gave a course of lectures 
on cables at the Univ«elty of Pennsylvania and had thd 
leetoe netes published in book form under the title, 
Elwtnc Cables.” He is also»^^ociate Editor-in-Chief 
of Pender’s Handbook and is an Associate Editor of 
Memman’s Ammcan Civil Engineer’s Pocket Book. 

. * Mar s interests are not all technical, however. 
Music IS one of his hobbies and in 1927 he organized 
a symphony orchestra in his home town, Greenwich, 
Conn, where he is President of the local Musical Arts 
Society. Mr. Dd Mar became an Associate of the 

^titute m 1906, and was transferred to the grade of 
Fellow in 1920. - s. ux 

His contributions to Institute’s hterature have been 
numerous, as an author of individual papers, a joint 
author md as a discussor of pap^s presented by others ’ 
m his fleld of interest. The latest of these contribu- 
tions was a paper presented at the Summer Convention 
^ peamit,~Eleetne Strength of Solid and Liquid 
Dtelectn^, m a co-authorship" with R. H. Marvin 
Res^(± A^stant of Johns Hopkins University and 
W. F. Davidson, Director of R^earch, the Brooklyn 
Edison Company. ^ ^ 
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NOMINATION O]^ OFFICERS OF THE A. I. E. E. / 


Nomination of Officers 
of the A. 1. E. E. 

The actions specified in the Institute’s Constitution 
and By-laws relative to the organization of a National 
Nominating Comaiit^ee are being taken, and the meet¬ 
ing of the National Nominating Committee for the 
nominatioii of officers to be voted upon at the election 
in the Spring of 1930 will be held between November 15 
and December 15. All suggestions for the considera¬ 
tion of tiie National Nominating Committee must be 
received by the Secretary of the Committee at Institute 
Headquarters, New York, not later tiian November 15. 

The sections of the Constitution and By-laws govern¬ 
ing these matters are quoted below: 

CONSTITUTION 

28. There shall be constituted each year a Nationt# Nominat¬ 
ing Committee consisting of one representative of each geograph¬ 
ical district, elected by its Executive Committee, and other 
members chosen by and from the Board Of Directors not ex¬ 
ceeding in number the number of geographical districts; all to be 
selected when and as provided in the By-laws; The National 
Secretary of the Inbtitutib shall be the Secretary of the National 
Nomioating Committee, without voting power. 

29. The executive committee of each geographical district 
shall act as a nominating committee of the candidate for election 
as vice-president of that district, or for hlling a vacancy in such 
office for an unexpired term, whenever a vacancy occurs. 

30. The National Nominating Committee shall receive such 
suggestions and proposals as any member or group of members 
3ta^ desire to offer, such suggestions being sent to the secretary 
jof the committee. 

The National Nominating Committee shall name on or before 
December 15 of each year, one or more candidates for president, 
treasurer and the piroper number of managers, and shall include 
’ in its ticket such candidates for vice-presidents as have been 
named by the nominating committees of the respective geo¬ 
graphical districts, if received by the National Nominating 
Committee when and as provided in the By-laws; otherwise the 
National Nominating Committee shall nominate one or more 
candidates for vice-president(s) from the distriot(s) concerned. 

• BY-LAWS 

Sec. 22. Duiing September of each year, the Secretary of 
the National Nominating Committee shall notify the chairman 
. of the Executive Qommittee of each geographical district that by 
November 1st of, that year the executive committee of each 
district must seleci a member of that district to serve as a member 
of the National Nominating Committee and shall, by November 
1st, notify the Secretary of the National Nominating Committee 
of the name of the member selected. 

During September of each year, the Secretary of the National 
Nominating Committee shall notify the Chairman of the Execu¬ 
tive Committee of each geographical district in which there is or 
will be during the year a vacancy in the office of vice-president, 
that by November 15th of that year a nomination for a 's^ce- 
president from that district, ipade by the district executive coni- 
mittee, must be in the hands of the SecretarJ^ of the National 
Nominating Committee. • 

Between October 1st and November 16th of each year, the 
Board of Directors shall choose five of its members to ser^jp on the 
National Nominating pommittee and shaE notify the. secretary 
of that committee of the namSs so selected, and shaU also notify 
the Eve members selected. * 

The Secretary of the National Nominating Committee shall 


give the fifteen members so selected not less than ten days’ 
notice of^the first meeting of the committee, winch shall be held 
not later than December 15th. At this meeting, the committee 
shall elect a chairman and shall proceed to make up a ticket of 
nominees for the offices to be filled at the next election. All 
suggestions to be considered by the National Nominating Com¬ 
mittee must.be received by the secretary o? the committee by 
November 16th. The nominations as made by the National 
Nominating Committee shall be pubEshed in the January issue 
of the A. I. E. E. Journal, or otherwise mailed to the Institute 
membership during the month of January. 

F. L. Hutchinson, 

October 1,'^1929 o National Secretary 


New Sources 

of Energy Still Sought 

Conservative individuak have a strong tendency to 
greet with loud cries and derisive laughter each new 
method of power generation and application which their 
more imaginative fellows envision. While Fulton was 
the jest of “little old New York” the Clermont was about 
to accomplish the definitely “impossible.” While 
Edison devised amazingly clumsy devices for the use of 
electrical energy as reactionaries scoffed, the electrifica¬ 
tion of America was embryonically on its way. Again, 
Elwood Ha3mes and the Wrights were quite mad. Any 
normal person of thirty or forty years ago knew that. 

The skeptics offer excellent reasons, in fine logical 
style, to explain just why the dream of Georges Claude 
to generate powerafrom sea water by vapor turbines in 
the Tropics must go aglimmering, but M. Claude first 
generates the power practically on a small scale under 
unfavorable conditions and then courageously starts to 
build a large plant—12,000 kw.—to prove that the- 
thing-that-could-not-be-done is no fpol’s fantasy. 

Latest among thg torturers of mossbackery is the gen¬ 
tleman who would,utili^e the electrical energy developed 
in the photochemical cell, upon alternate exposure to^ 
and protection from sunlight, for the useful accumula¬ 
tion and transformation of §un energy for the needs 
of mankind. The recognized 'difficulties of small reac¬ 
tion velocities, with consequent low intensity of elec¬ 
trical current, are not insurmountable; for, as pointed 
out by Prof. F. M. Jaeger, the construction of sudi cells 
is wholly a problem of reaction kinetics, and if it should 
prove possible to de^se radiation accumulators in 
which reversible and very rapid photochemical changes 
take place, the problem of using solar radiation m a 
source of energy might be solved. 

One fine day hmnanity will awake to find that the 
• difficulties of transforming solar energy into an economi¬ 
cal, continuous and reliable source of supply by one 
means or another, but without the unconscionable delay 
of “natural” chemical and physical processes, have 
yielded to persistence—aiid a new era will be upon the 
werld. The only impossible tilings are those which, 
have not as yet been accomplished .—Electrieal World. ^ 
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I Abridgn^ent of 

Traveling Waves Due to Lightning 


BY L. V. BEWLEY* 

Associate, A. I. E. E. 


Synopsis.-- Thv purpoac of Ihh poper is to descnbe and analyze 
f/it oriyiti ami formation of iravdiuy waves on a IransmmiQn line 
•mtunul hy lujhining (tischaryes, and to investigate their behavior at a 
f ra ft a ititmnL yoi nt where th ere is an ahr u pi change of circnit constants^ 
Some o/ the ground covered is necessarily old’and well-knovynn hut 
has been iiicluded in the inieresls of completeness and continuity 
of treatment. The effect of the rale of cloud discharge and the initial 
distrihation of bouiul cJ^arge on the shape and amplitudes of the 


traveling waves is brought out. General methods of analysis art 
formulated and illustrated by practical cases. The assumptions 
and approximations involved are discussed, and the probahh direc- 
iion of their deviation from fact indicated. Exact and npproxi matt 
mathematical expressions are derived, and therefrom graphical and 
tabular methods are outlined. For all of the examples givtn, lita 
attenuation and distortion are neglected and only the first rr thetion 
from a transition point is considered. 


9 

1. INTRODUC-SION Measurements taken on short antennas are not in- 

T H IS paper, which deals particularly with the mathe- ^ Jprduninary stages of a cloud discharge are com- 

matical study of the formation and propagation of within 100 microseconds or so, the time is not 

lightning waves on transmission lines, is part of an additional bound charge to leak over the 

extensive investigation of lightning which has been 

under way for a number of y&rs under the genial misurements taken by Peek‘ on short antennas 

direction of F. W. Peek, Jr. Other papers of this sen^, that the final release of the bound charge some- . 

covering laboratory and field studies as well as the takes place in one or two microseconds. Prob- 

elfect of lightning on apparatus, have already bwn logger periods may occur, but as shown from* 

presented.'- » While this paper deals essentially with theoretical considerations discussed later, these 

a mathematical analysis of the subject, it has been wnt- 

. . 1 _4.1.«4- u YiAf folf nppfifeftarv for the t $ 


XiMUt! At! At! Ati all 


1 AI ^ AX ^ AlI g 

0 .1 2 3 41 ® 


a mamemaucai anuiy»is *-^ 

ten in such a way that it is not felt necessary for ^e ^ _ | 

reader to go into the mathematics to obtain a knowmdge ~--■ !ii;l — § - -- 

of the results. Such practical aspects as the effects --» 

of series induction coils, extra ground wir^, etc., on qm —j—, k> i I 

transmission lines ai'e analyzed iftathematically and J _ 

discussed. i j I 

n. Origin OF Traveling Waves Dub TO Lightning w 

When a charged cloud approaches a trapsmisaon ^ . 

line, a charge of opposite sign leaks 

and appears on the line as a ^qpad charge fixed m wf 

position by *he electrostatic field of the cloud. 2 -Gkaphioal Methotj eob Dbtermisin-g Wave SnAPts 

• The corresponding potmtM, distribution when . f 

charge is instantaneously released is quite ^dependent ‘^^te^rteTf £d 

of the variation of capacitance, and is V -hG. potentials. Physically, a finite rat 

Measurements by P^k indicate maximum gradients ^jgg]jgj.ge jg equivalent to the . .ugijjj,;*. 

of the order of 100 kv. per foot for heights above ground ^ small' steps (see Fig. 2) win ’ ’ 

o the S i atrans^iissionline. However, so far as eLdde U the smooth curve of cl.^ud*s^a^e rate 

l*auto knows, no to are ^ Each of these bloeke fo^ m 

intensification of the held (if vt mediateiy begms to ^ ^ „{ the 

toinsry or incipient stages of a doud dweharge But if tte to of rdto w dow^o®^ 

Wormer l!nel.»rl»e Dep«lm«t. o««el beforedl of the bound- . 

BlocirioalCoiry.uy.PiiWel'l.M***- hin released with the result that mly part 

in «/i(! I/aboratorj/. F. W. Peek. Jr., A. • • • by superposition. functional rate of cloud 

VoL 48, April 1929, p. 436. , Pnioer Transformer Design, Experimental data on t strictly mathe- 

pSTJam .. dii ^ SSons 

* ’ ^ . .* a ,rtf 'Pransformers by the Cathode _ y -.o+irtol study, only th _ methods 


Transformer Engineering Department, General fost^^ed ^ 

BlectrioalGonyiany. Pittsfield, Mass. bin released with the result that only part 

in f/ie I/aboratorj/. F. W. Peek. Jr., A. . • • -by superposition. the functional rate of cloud 

L graphical end tabular meaods 

Trans., July 1929, p. 99». * 729. . ' 
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BBWLEY: TRAVELING WAVES DUE TO LIGHTNING 


Journal A. 1. E. E. 


described elsewhere in this paper are applicable to any 
rate of cloud discharge which can be diawn as a curve 
on a piece of paper. The illustrations included are-for 
exponential and straight line discharges. The in- 
inlluence of the function F (t), expressing the law of 
rdease of the bound cfiarge on the shape of the re¬ 
sulting traveling waves is shown in’ Fig. 3. If f (x) 
r^resents the distribution of bound charge,, then the 
curves A, B, and C r^resent the shape of the traveling 
waves corresponding to the doud discharging in the 
same time t," but according to different laws a, b, and c. 

The crest values, shapes and lengths of traveling 
, waves depend upon the intitial distribution of bound 
• charge, but to an evai greater extent, on the rate of 
doud discharge. Fig. 5 shows a set of traveling waves 
devdoped from rectangular distributions of# bound 
charge of 1000-, 2000-, 3000- and 4000-ft. lengths, and 
released according to the law (1— so that the 
doud discharge was 95 per cent completed in 1,2,3, and 
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Pia. 3—^E»fbct_gp thu Law of Disoeargb on the Shafb of 
. TBAVBiiiNa Watbs 


4 microseconds. The slower the rate of discharge, the 
lower the crests and the longer the wave. This is a 
necessary consequence of the fact that all waves origi¬ 
nating from a givai bound charge must contain exactly 
the same energy (neglecting line losses) regardless of the 
rate at which that charge is rdeased. Thus a de- 
crease in crest values must be compensated for by an 
increase of length. The length of the wave expressed 
in mioroseconds (one microsecond being equal to 1000 ft. • 
of wave travd) is roughly equal to that of the bound 
charge plus the number of microsecends required for 
the doud discharge. The faster the rate of discharge 
the steeper the wave front. The crest values depend 
on the bound charge distijbution and the rate of its 
release. 

w v' Franklin Inat, 

a eb. 1925. 


They are:*~* 

* Crest of travding wave = a!G h 
Maximum potential = aGh 
The factors a and a' corresponding to peaked dis-. 
tributions and exponential release, are diown in Fig. 7. 
It will be noticed that 100 per cent potential (a = 1.0, 
a' = 0.6) occurs oijjy for an instantaneous discharge, or 





J 5 4 3 2 1 0 

Fig, 6 ^Traveling Waves from Rectangular DisTRiBtrrioN 
OP Bound Cnargb 


for vCTy long douds, and falls off rapidly as the time of 
rde^ is increased, or the length of the cloud shortened. 
An interesting point is that ultimately the maximum 



Pig. 7—Inflvbncb of thb Rate of Dischaegb and Length 
• OF Chabge on the Voltage Chests 


potential and the crest of the traveling wave have the 
same value. 

Fig. ^ shows the actual wave shapes, and the 
maximum potential at any instant after the beghming 
of discharge for a given bound charge rdea^ at dif¬ 
ferent rates. 
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LAW OF BOUND CHMIGEREinSE 


Oet. 1929 
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BEWLEY: TRAVELING WAVES DUE, TO LIGHTNING 


shws the formation of traveling waves at 
different stages of their development. This t^ticular 
^ onginated from the 2000-ft. peaked bound charge 
Astnbufaon of Fig. 10, released in one microsecond. 
During the first half microsecond or so, the traveling 
waves have not fully formed, but are moving out and 
spreading apart at the same time that they increase in 
magnitude. Eventually, however, Ue moving wave 
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TIME m MICROSECONDS 
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MICROSECONDS FOR CLOUD TD 
DISCHARGE 95 PERCENT 
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ibaveung waves 
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crests can be^ distinguished as they separate out and 
acquire identity. It is because o;{ this simultaneous 
growth and separation, that the maximum potential is 
less than,twice that of the traveling wave crests, and itis 
because of the spreading action that the crests are 
always less than ihey would be for an instantaneous 
cloud discharge. , 

The rnathematical work associatedwith the foregoing 
is given in the complete copy of paper. 

Traveling Waves Induged by Lightning 
The sudden release of a bound charge distributed as 
2 C f (®) initiates a paii;T)f exactly similar forward and 
reverse traveling waves having the same shape, but one- 
half the amplitude, of the potential corresponding to the 
fixed distribution of bound charge. The equations for 
the traveling waves under the conditions of instan¬ 
taneous cloud dis(^ge, and up imtil the instant when 
a transition point is reached, are th^efore 


2^ (/ [aj + 9 (« — k) A i] -I- / [* — v(n — x) A tj } 


{F[(k-|-1). A«]} (25) 

whCTe n . At — t,, K. At = T, and F (t) is the time 
function by which the bound charge is released. 

^ The application of the integral in equation (25) is 
limited to analytic expressions for / and F whose 
integrals in the above combinations are known. But 
tiie summation, the limiting case of which is the 
solution, is immediately applicable to any functions 
/ and F whose graphs are known or assumed. Ulti¬ 
mately, since both of these functions must be found 
from experimental data, it is advisable to deal directly 
with tlffe finite summation as an approximation of 
arbitrary exactness. Prom it, both graphical and 
tabular methods can be developed. 

Empirical Equation for Approximate Warn Shape. 
The combined influence of the initTal distribution of 
bound charge and the rate of doud discharge, imparts to 
the traveling waves a characteristic shape. The shapes ‘ 
obtained by the previous analysis check those which. 
have been measured in the field and in the laboratory. 
^ empirical equation which represents this character¬ 
istic shape qmte accurately, and at the aamA is 
remarkably simple for analytic purposes, is given by 

e = E (e~®*' - 6~‘^) for t > 0. *(26) 

As special cases of this equation there are the various 
wave shapes illustrated in Pig. 12. 

Behavior of a Traveling Wave at a ^Transition Point. 
When a traveling wave reaches a transition point ati 
which there is an abrupt change of circuit constants, as 
an open or short-circuited terminal, or a junction witih 
another line, etc., a part of the wave is reflected back,, 
and a part may pass on to other sections of the circuit. 
The impinging wave is called an incident wave, and the 
two waves to which it gives rise at a transition point are 


’f(x+vt) +f(x-vt) 





{f{x+vt)-f(x-vt)] 


If the cloud discharge is not instantaneous 
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called the reflected and transmitted waves reflectively. 

Suppose that tho line is closed at tiie transition point 
by a general impedance consisting of any arrangement of 
inducjances, resistances, capacitances, and other Huas . 
^t the differential equation specifying this general 
impedance be written as Zo (p). Let the trandtion 
point be taken as the origin of coordinates, and distance 
along the line away from the point be counted as posi- 
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tive, so that an approaching wave is traveKng in the The application of these general relationships are 
negative dir^tion. By equation (14) the potential illustrated in this paper for the wave of equation (26), 
snd current ^incident waves will have the same sign, with the parameters adjusted to give both a rectangular 
Denote the incident waves by (e) and (i), the reflected wave with an infinite tail, and a characteristic light¬ 
waves by (e') and (i'), and the transmitted ^ves, if ning wave having a 7-microsecond front and a IS:- 
they erist, by (e ) and (i ). Then the potential at the microsecond tail. The differences in behavior of these 


transition point is, using (14), 


two waves is sometimes quite striking, and conclusions 


= c + e' = (i + i') Zo (p) = (e — e') Y Zq (p) (29) based on one of tifem are not always generally appli- 

_ . — _ Xl.^ _ __ -HI -i 11 


where Y = 1/Z = y/C/L = surge admittance. 
Solving thia.equation for e' there is 

, Z« (p) - Z 

® = 2 ,^ (p) ^ z ^ ~ reflected potential wave (30) 

The total resujtant wave at the transition point is the 
sum of the incident and reflected waves. 


^0 = 6+6' = 


2Z.(p) 

Zt(p) +Z 


y(e-,(j,) 

Jn general Zo (p) may consist of any number of branches 
in parallel. If one of these branches consists of another 
line of surge impedance Z 2 connected through a con¬ 
centrated impedance network Z^ (p), then the potential 
wave transmitted through this impedance to the line is 

^ r 

< = eo-Z„ (p) i" ^eo-Z„ (p) - 

(P) + Z 2 


• -[.1- 


Zm(p) 

•2'm (p) "t” Zi 


. _ r Zi nr 2Zo(p) 1 

L Z„(p)+Zi Jl,Zt(p)+Z 
Thus, if e is known at thetransitionpoint as a function of 
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cable to the other. Only one case will be worked out in 
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detail in this abridgment. But exactly the same pro- 
cedure has been followed in deriving ^11 of the results of 
the complete paper. ' 

V ) 1 . Two Uim Comt4c^ by an IndUctcmee. Fig. 22. 

mof “ surgeIpapedance of line No. 1 

Zi = \/Yi = surge'impedance of line No. 2 
. , Li — coimecting inductance 

^«(p)=L„p 

Zo (p) = Zi + Lop and let 
a = {Zx-Zi)ILo 
= (Zi + Zi)ILo 

Then, by equation (30), the reflected potential wave is 
j-.' - (P) ~ + Lap) — Zj p—a 

Zoip),+Zi\ (Zi + Lop)+Zi*^~pr&^ 


^pae,-tben So, s , and s ^ are detemuned bv solvinv th^ » ■«. i •!. ■ . .. . 

above differential equations. In: ptoticuL fea T® ^ 

rectangdw wave:withauinfinite-taa,itmafbetaken 

M Heaviside’s M.mf/tt«cfo(m j and:the solution obtained r / a \ /v t 

,by means of the expansion formula.:The^solution for * I ( ^ +'^ )« ^ if e = 1 ■ 

^finite wave of any shap^ is thmfoiindfr^ , *• - ^ •; . « , 

theorem, equation (24) i *. • r • r*'i. ^ ^ 

^ --; andbyEquation (24),if e = jF (e- €-fl‘) 
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Lo-^ . 6-/3* + (a_/3) (6-(3) * J 

Prom Equation (32) 

e" = Co - Z,n (p) = Co - (p) Yi (e - e') 

La-/3 6~i8 ^ (a-10) (6-/3) J 

If O' > 6'' > 0 and there is no transmitted wave. 




30.0 0.1 X 30 

29.8* "^29.9X29.8' 


-^(6-“'- e-“) = e 

Thus such a small series inductginee is entirely ineffec¬ 
tive except for ve^ short waves. The entire incident 
wave is transmitted with negligible change of shape: 
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Design Features that Make Large Turbine 

• Generators Possible 


BY W. J. FOSTER^ 

Fellow, A. I. B. B. 

D evelopment in turbine generators has been 
so rapid during the past four or five years that any 
attempt to go into a detailed description of such 
development would involve too voluminous a work. 
The purpose of this paper, therefore, is to pick a few 
facts from a large experience of on^ manufacturer with 
the hope that these might be of interest to the profession 
in general. 

62,500-Kv-a. Generator 

During the ye^ 1926, the company with which the 
authors are associated built and installed a 62,600-kv-a. 
generator, operating at 1800 rev. per min. As this 
generator constitute a miletoa? in the progress of 
.turbine-generator developmeol, 4t will be in order to 
give some of the factors which Ihade possible the builds 
ing of such a machine. The larget previous machine 
at this sped had a rating of 37,500 kv-a. Thee 
machines were ventilated by carrying part of the air 
to a chamber at the longitudinal center of the machine, 
from whence it flowed inwardly to the air-gap where it 
joined the main body of air which had entered the air 
gap at the two ends, from whence it flowed outward 
through the remaining sections of punchings. This 
division of the air was adequate for S0,000-kw. 
machines. With machines requiring a length neces^lary 
for 50,000 or 60,000 kw., it was apparent that to force 
enough air through them, even though two paths were, 
^ploye^ would require pressures far beyond what 

1. (’on«ulting Engineer, General Electric Company, Schenec¬ 
tady, K.Y. 

2. Turbo Generator Design Engineer, General^ Eleetjic 
Company, Schenectady, N. y. ^ 
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would constitute good practise. The natural develop¬ 
ment, therefore, was to employ a larger number .of 
multiple paths. Tlie employment of a greater number 
of multiple paths removes the restriction from the .air 
gap and places it in the air ducts themselves. With 
higher velocities in these air ducts it became apparent 
that a real gain in eflSciency could be made by improving 
the entrance conditions to these air ducts. The air 
as it enters the air-gap has a direction parallel with the’ 
shaft. As soon as it passes within the restraining walls, 
formed by .the armature and rotor surfaces, it is im¬ 
mediately acted upon by the rotating surface of the ' 
rotor and its direction quickly changed from an axial 
to a tangential flow. By means of specially designed 
vanes, which were inserted from the back of tiie punch¬ 
ings directly into the air-gap, a complete study was 
made of the direction and velocities of the air in the 
air-gap on actual machines rmder a wide varying 
ventilating arrangem^t. 

In drder to obtain data as regards the above feature, 
model sections of armature punchings were made up. 
These were tested in an air tunnel at pr^ures and 
velocities corresponding with those in the actual ma¬ 
chine. A vast amount of data was collected on a large 
mjmber of .entrance ducts of many shapes. Some of, >, 
•these data showed that variations as great as 300 per ^ 
cent were possible in the amount of air put through a 
given shape of air duct, and in a few cases it was even 
found that the air actually flowed into the air-gap 
insteSiid of outward as would be ejqpected. 

Figs. 3 and 4 show the^variations which east in 
different designs of ducts. They r^res^t the maxi¬ 
mum and minimTim flow under this study. 

. Armed i/rith these data, the vent^ting passages of 
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the 62,500 kv-a. were laid out and it is gratifsring to 
report that subsequent tests on the machine verified 
the earlier experimental results. 

The net result of all this information when applied 
in tiie design of the 62,500-kv-a. generator was that this 
gena:a.tor emplo 3 dng External blowers required practi¬ 
cally the same amount of power to ventilate it as the 
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PiQ. 3 —^Air-Plow Curves 

Minimum flow obtained—the best shaped retaining wedge; heavy lines— 
impact; dotted lines—v^ocity in the three passage ways between slots 

30,000-kv-a. previously built. When it is considered 
*that 40 per cent of the loss on a turbine generator was 
formerly chargeable to windage, it will be seen that this 
saving in loss constituted a real step forward in the 
matter of efficiency. The outstanding facts which 
ti^e experiments indicated, and which subsequent 
tests on the machine substantiated, was that as far as 
Tfflitilation was concerned machines of any lengfli could 
be built and if properly designed they could be as well 
ventilated as the shorter machines. This conclusion 
‘was of the greatest importance as it removed one of the 
factors which up to this time had more than any other 
impeded the progress in the size of generating units. 

'TEiMPBRATURES AND THBIR RELATION TO THE SiZE OP 

Units 

A few years ago it was thought by some designers, as 
well as users, that low temperatures were incompatible 
with large machines. The authors have never shared 
this view, and after a long experience are more strongly 
of the opinion that the larger the machine the more 
conservative the temperature should be. 

Some of the largest single-shaft turbine gen«ators 
built to date have temperature rises, by embedded 
detectors in the stator windings, of 46 deg. to 50 deg. 
cent, instead of 60 deg., and of 60 deg. to 70 deg. cefit. 
in the rotor windings instead of 85 d^. cent, as per- 
' mitted in the contracts. 

Most of the armature failures with which the authors* 
are familiar, and which have occulted in recent years, 
have been the r^t of mechanical rather than electrical 
causes. A majority of such cases occurred before the 
general adoption of the closed ventilating s 3 ^temsVf the 
present day, and were largely brought about by the 
stoppage of the ventilating passages by foregin sub¬ 
stances. This in many cases caused the 'generation of 
gases in windings due to the temperatures getting 


beyond the boiling point of the constituents of the 
binding Varnishes. These gases usually forced them¬ 
selves along the length of the coil until the restraining 
influence of the slot walls allowed their escape. Once 
free of this restraint, they ruptured the insulation wall 
causing a failure. Still other failures were caused 
principally in the rotors by purely mechanical move¬ 
ments between the copper and iron, which movements 
cause an abrasion of the insulation to the point of 
failure. Either of these effects is greatly multipled 
when we eome to core lengths such^as are necessary in 
machines of 100,000 or 160,000 kw., ^ 

It has seemed best, therefore, to feel our way along 
in the mattOT of proper terfiperature rises for the ex¬ 
tremely large turbo generators, at the same time 
putting forth every effort to minimize the serious con¬ 
sequences of expansions and contractions by introduc¬ 
ing cffli»in oonstructions in the windings themselves 
that will permit of expansions that will not be wholly 
longitudinal and at fee same time continue the im¬ 
provements that have already been made in the quality 
of the varnishes or other cementing materials employed 
in the hope of eventually obtaining insulations for 
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PiQ. 4 —^Air-Plow Curves 

Maxlmiun flow obtained—^no ret^ning wedge aknross air duct; heavy lines— 
impact; dotted lines—^velocity In the three passage ways between slots 
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high voltages that will be able to withstand much 
higher temperatures. , 

It can readily be seen that the quantity of insulating 
material is a factor in the temperature rises and that 
insulations should not be any thicker than what is 
required to give the dielectric strength needed for the 
highest potentials generated in service. 

• Losses and Their Relation to Output 
It is a much mooted questions to the relation that 
should exist in any given instance between the armature 
and the field magnetizations. High armature reaction 
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becomes overpowenng unless the designer by increasing 
the air-gap maintains a ratio within such limits as he 
thinks will prove satisfactory in operation. The rela¬ 
tion of field ampere-turns at no-load, normal voltage, to 
£eld ampere-turns onshortcircuitwithnormalcurrentis 
known as the short-circuit ratio. Hence, a low short- 
circuit ratio tends to a high rating for the speed under 
consideration and the physical dimensions of the machine. 

Machines of greater rating are possible when mag¬ 
netic materials of the best-quality are employed. Any 
reduction in the fixed losses in the generator's of a two¬ 
fold benefit, for leSs air is required to provide the proper 
ventilation with lower power loss chargeable to the ven¬ 
tilation. For each kilowatt saved in these losses, approxi¬ 
mately 0.25 kw. less power is rejjuired to ventilate such 
a machine. 

Higher armature reactions or lower short-dreuit 
ratios result in an increase in the so-called load losses; 
at the same time they reduce other losses and result in 
cheaper machines. A proper Jjalance then must be 
.maintained between these factors so as to obtain 
machines of great reliability and long life. 

With enormous amounts of power built into a single 
unit the desirability of building machines of great 
reliability cannot be overemphasized. 

In a previous paper the authors made reference to 
investigations which were carried out in regard to 
losses existing in machines of this type with particular 
reference to those losses in the so-called inactive mag¬ 
netic materials at the heads of machines. As a result 
of these and subsequent investigations the practise of 
using magnetic steels .fpr such parts as the clamping 
fingers and flanges has been discontinued on all of these 
large machines, and non-magnetic materials substituted 
for them. The employment of these non-magnetic 
steels has result'ed in a gratifying reduction in the 
losses. As a resull of these and'other improvemaits 
the efflciendes of these large"upitl are of the order of 
98 per cent instead of the 96.5 to 97 per cent which were 
the rule a few years ago. 

One of the contributing factors in the trend toward 
larger units is the increased efficiency which such a unit 
brings^ High efficiency, therefore, assumes an im¬ 
portance in these large units far beyond what it did in 
the units of years ago. The design factors for which the 
modem designer must strive in the order of their im¬ 
portance should be reliability, efficient, and cost. 
If these factors are followed through to a logical com 
elusion, the, size of units for a given output becomes 
greater than what would obtain if machines were de¬ 
signed to get the greatest output compatible with them 
temperature guarantees. 

Due to their high rotational speed, the frictional loss, 
commonly called windage loss, becomes a serious factor 
in the efficiency of this type of unit. The problem of 
operating this class of apparatus in a medium of low 
density has claimed the attention of engineers for si'fiars. 
, With the advent of the closed system of ventilation and 
surface coolers for extracting the heat from the cooling 


medium, the probl^ of the utilization of a gas lighter 
than air received a marked impetus. Hydrogen 
coqling is a perfectly practical thing and its adoption 
will mark the next big step forward in the increase in 
efficiency of these large units. By employing fl* 
cooling we may expect an incr^se in efficiency of some 
0.6 per cent and. some 25 per cent large outputs from 
the same physical size of units. 

High-Voltage Generators 

Within the past few years interest has developed both 
in this country and abroad in generators built for volt¬ 
ages higher than those Which had been standard; 
namely 13,200-14,000 volts. The trend toward higher - 
voltages has been brought about largely by the increase * 
in generator capacities, and in an effort to minimize 
switching difficulties. 

The distribution areas being so widely scattered in 
this country, most of the power from the large stations 
to-day is sent out at potentials much higher than it 
would be possible with our present'to.owledge to build 
generators for. No attempt, therefore, has been made 
to adapt the generator voltage to the transmission'* 
potential. In those cases where power is distributed at 
■various potentials, say 33,000,66,000, and 132,000 volts, 
it is usually cheaper to use step-up transformers 
for all three voltages than to wind the generator for 
33 kv. and use step-up transformers for the two remain¬ 
ing voltages. - ^ 

All of these considerations have worked together to 
confine the building of large generators to the potentials 
which are most economical in station switching and bus 
bar'equipment. 

The introduction of the so-called double winding in 
large generators has retarded to some extent the trend 
to highw voltages in these machines. Briefly, this double 
winding consists in di-vidjng the coils which make 
up the three phases into two circuits, and arranging 
them in the correct slot relationship in such a manner 
that they will b® in phase and voltage agreement with 
high self-induction with respect to each other. 

Each winding, therefore, will carry half the output of 
the machine. If these independent windinp are tied ' 
to separate busses, the switching problem is greatly 
minimized, as the current to be handled is just half of 
what would be the case in an ordinary generator; or it 
would be the same as if the generator were wound for 
27,600 instead of 13,800 volts. 

Rotor 

' No description of generator development would be • 
complete without some reference to the rotor as no 
part of these large generators has come in for such 
careful analysis and painstaking study as the revol-ving 
element. It is this element which must withstand all 
of tlxe centrifugal strains, bending^trains, and tempera¬ 
ture strains due to heating*^and cooling and still main¬ 
tain its alinement and balance so as to provide smooth 
operation. 

,There hre three distinct types of rotors built by the 
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leading manufacturers of to-day. The first is the solid 
rotor t3rpe in which the rotor is made up of one or more 
forgings. The second is the plate rotor type in which a 
series of plafes or disks is bolted together to form the 
rotor bodj’^ structure. The third is the through-shaft 





Pig. 6 — 100»000“Kv-a., 1600-Rbv. pek Min., 16,500-Volt, 
SO-Cycle Generator 

With 4000-kw auxiliary generator and 94,000-kw. tandem compound 
^ turbine. Long Beach Station of So. California Edison Co. 

dovetail punching type, in which the shaft is a solid 
forging which has been slotted and dovetailed to receive 
the punchings which carry the rotor coils. 

Each of these ts^es has its advocates, and each ts^pe 
has some inherent advantages which the others do not 
p<^d5s. From time to time articles appear in the 
technical press of the world in which some author 
attempts to point out the superiority of one*t 3 rpe over 
anoliier. Such aificles are distinctly all right as they 
tend to stimulate thought which leads to progress. 
The authors have no intention of joining in such a 
controversy. Their first-hand knowledge would allow 
them to speak with some authority on only two of the 
three tirpes. 

SuflSce it to say that the manufacturing company with 
which the authors are associated has brought its steel 
forged type of rotor to its present state of perfection 
only after the most careful and painstaking research 
and that over one thousand of these rotors have been 
built and put into service and not one of them has failed 
due to imperfections in the rotor forging. This is an 
enviable record and is a most convincing argument that 
this t3pe of rotor is thoroughly reliable if properly built. 

In the design of the 62,500-kv-a. generator, described 
earlier in this article, the rotor diameter was the sarne 
as those of the 30,600-kv-a. previously built. The centri- 
“fogal stresses, therefore, w^e no greater than had bedh 
previously encountered. With further^increases in* 
, capacity of the units the diameters h^ve been increased. 
Majiy; of the stresses, however, on these rotors of 
greater diameter have not increased due to the fact 
that the copper space has not been increased in pr&por- 
tioh to, the incr^ised di^hneter. The body stresses 
have increased somewhat but, to offset this, alloy steels 
at« being employed which give a higher factor of safety 
■ than many of the smaller units enjoyed. • 


i 

100,000-Kv-a., 16,500-Volt, 1500-Rbv. per Min. 

• Generator 

Fig. 6 shows the 100,000-kv-a., 16,500-volt, 1500-rev. 
PCT min. generator installed in the Long Beach Station 
of the Southern California Edison Co. This is the 
largest single turbine generator in operation in America. 
Its design brought up a number of problems largely 
mechanical, which«are typical of the trend in modem 
design. When the order for this unit was placed, it was 
contemplated that the machine would be assembled at 
destination. The difficulty of transporting all of the 
component parts of a machine of jfiis size 3000 miles 
across the coimtry, and assembling them under condi¬ 
tions which are anything, but ideal, made it seem de¬ 
sirable to design the mfichine so that it could be shipped 
completely assembled and wound. A design was 
finally worked out whereby both the weight and di¬ 
mensional requirements for shipment could be met. 
The frame was divided into two parts, an inner mem¬ 
ber or cage (see Fig. ,7) and an outer structure (see 
Fig. 8). The inner member consists of annu lar plates 
held on the outside by narrow steel slats, and on the 
inside by the core dovetail ribs which were let into the 
plate. This structure is intended largely as an assem¬ 
bling jig for the punchings. After the punchings were 
assembled and clamped the ribs and outside slats were 
welded in place. The whole structure thus became a 
rigid member which could be handled. 

The outer structure consists of a number of foot 



Fig. 7—100,000-Kv-a., 1600-Rbv. pbb Min., 16,£00^Voi.t, 
50-Ctclb Gbnbsatoe 

View of inside abator stilictiiire complete with winding and supports. 
Turbine end 

plates spaced so as to coincide with the circular plates 
of the inner structure to which they are securely bolted 
when assembled on the base. These foot plates are 
welded to side plates whi(^ form an enclosure and add 
stiffness horizontally. Over this structure when as¬ 
sembled is placed a steel cover. This cover plate also 
ca»ries radial supporting plates which form the various 
airqhambers! ’ • 

. 160,000-Kw., 1500 -Rev. PER Min.,25-Cyclb Q-enerator 
■ ! ^ 
The use of 25-cyele power has practically given way 
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to 60 cycles in this country except in certain districts, 
notably around Niagara Falls and the metropolitan 
area of New York. While these latter places are con¬ 
sidering the problem of changing over to 60 cycles, they 
still require large blocks of 25-cycle power. 

Fig. 9 shows'the frame with the ventilating housing 
and cooling casing for the 160,000-kw., 25-cycle, 
1500-rev. per min. generator for the New York Edison 
Company and installed in their 14th Street station. 
The building of a generator of this enormous capacity 
involved a number of new problems. The frame (see 
Fig. 10) is made entirely of steel plate welded and repre¬ 
sents the rpost approved practise in this construction. 



Fig. H—10(),000-Kv-A., l-m-Risv. per Min., 16.600-Volt, 
50-Ctclb Gmnbrator 
, ^ 

View of outer stator frame flhlpped separately and Imltod to Inside structure 
at destination 

^ • • 

The non-magnetic steel clamping flanges at the two 
ends of the stator and the cast iron end shields are the 
only castings in'the generator proper. The employ¬ 
ment of steel plate and the application of the art of 
welding has resulted in marked r<eduction in weight and 
at the same^ime resulted in a^niudh stronger structure 
than was possible with fabncated cast iron structure 
formerly built. As an example of this weight reduction, 
a recent design of frajfle on a 75,000-kv-a. generator 
showed practically the same weight as the frame of a 
37,500.kv-a. generator of an earlier, design in which 
castings were employed. Owing to the physical di¬ 
mensions of the 160,000-kw. generator and enormous 
weight, the stator of this unit was built at destination. 
Specially designed trunnions were^ necessary in order 
that the frame, after it had received its load of half a 
million pounds of laminations, could be turned from a 
vertical to a horizontal position on its base. See Pig. 10. 

The winding of this generator is of the transposed 
bar type with two bars assembled in each slot. This is 
the first machine to make use of the two circuit or so- 
called double winding. Each winding is connected 
delta and, to eliminate the objectionable harmonic 
currents in the delta,^ the pitch of the coils was matie 
66^ per cent. Each wining will be connected to a 
separate bus section and these busses will have no tie 
between them other than the generator windings. 
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In case of a short circuit on one bus the generator wind¬ 
ings act as a limiting reactor in reducing the flow of 
current along the bus. 

There is not contemplated at the present time, as far 
as the authors know, a turbo generator larger in capac¬ 
ity than this unity power factof 160,000 kw. It may 
not be generally- known to engineers other than de- 



PiG. 9— leO.OOO-Kw., 1500-Ebv. per Min., 11,400-Volt, 
26 -Ctclb Generator 

Ventilation housing containing the coolers « 


timers that it is more difficult to design a 25-cycle 
machine of great capacity than it is to design a 50-cycle 
at the same speed, namely 1500 rev. per min. The 
amount of magnetic material is much greater for ^he 
lower periodicity and the extensions of the end windings 



* . • 

Fig. 10—160,000-Kw., 1500 -Rbv. per Min., 11,400-Volt, 
25-Ctcilb Gbneeatqr 

sAo-wing stator frame and the si>e<daL trunnion for changing after stacking^ 
core from vertical to horizontal position 

• 

of both stator andjrotor beyond the magnetic cores are 
much greater. Hence, the authors have confidence 
that by the’ introduction of certain features discussed in 
this paper, such as hydrogen cooling, a 50-cycle generar 
tor conservative in its tefhperatures and other im¬ 
portant characteristics could be designed and built at 
the present time for a rating of 200,000 kw. at 90 per 
ceijt pow€!r factor, or 222,222 kv-a. . 
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Short-Circuit Torque in Synchronous Machines 

without Damper Windings 

BY G. W. PENNEY* 

c Associate, A. I. B. S. 


Synopsis.— The torque produced by a short circuit is first 
discussed in a general way, showing that it is pulsating in nature. 
The average value of torque is determined by the resistance and other 
energy, losses hut the instantaneous value rises far above the average 
value. The major part of this pulsating torque is produced by the 
change in stored magnetic energy. General equations are derived 
for the torque in a machine having negligible resistance and constant 
self-inductance of each winding and which is referred to as an Ideal 
Machine,^^ 

These equations^are useful in comparing single-phase and various 

polyphase shortdrcuits and for determining generaltendencies,^ How¬ 
ever, the numerical value of the torque is usually of greatest interest 
in salient-pole machines and here the self-inductance of the armature 
winding is not constant. The calculation of torque from the actual 
inductance of the windings of a salient-pole machine is a very com¬ 
plicated problem, Ar^relatively simple, step-by-step calculation. 


called the semi-graphical method,** is developed for calculating the 
torque from the actuaf currents as given by an oscillogram. The 
effect of resistance can be included in this calculation. The method 
holds for any variation in self indvCctance with rotor position provided 
that saturation is not a large factor in determining the change in 
stored magnetic energy, which seems to beHrue in cases thus far 
investigated. 

Short-circuit torque can be measured by an instrument described 
in a previous paper,^ The torquh as measured is compared with 
the torque as calculated by yarious methods. This shows that calcu¬ 
lations based on constant self-inductance of each winding may be 
seriously in error, particularly if equations derived on this basis are 
applied to the actual currents of salient-pole machines. The **semi- 
graphicaV* method agrees reasonably well with measured values 
for cases tested so far, 

« 


T he failures occasionally produced by short circuits 
show that tr^endous forces must result from short 
dreuits and other transient phenomena. For 
example, one of the early large vertical waterwheel 
generators of low reactance at Niagara Falls sheared off 
thjg folding down bolts and the stator turned through a 
considerable angle on its foundation. In another case, a 
frequency-changer set stretched the holding down bolts 
and cracked the frame-supporting feet When the set was 
connected to the line out of phase. It is only necessary 
to stand beside a low-reactance niachine when it is 
short-drcuited to realize that very severe forces are 
acting on the machine. Syndnonizing out of pha^ 
may produce forces which are even more severe. This 
paper is confined to the subject of short-circuit torque 
although tiie methods proposed can be used, with some 
modifications, for determining the torque during syn¬ 
chronizing and 'other transiait conditions. 

One difficulty in understanding the torque produced 
by a short circuit is the fact that the assumptions 
generally used for calculating the torque during normal 
operations do not represent the conditions during a 
short eircxiit. In calculating the torque during normd 
operation, it is usually assumed that the stored energy is 
constant so that the mechanical torque of a generatpr 
is equal to the electrical output plus the losses. If a 
.generator is short-drcuited at its terminals, its dectric^l 
output is zero and the energy losses within tiie machine, 
account for only part of the torque whidi is known to 

♦Research Dept. Westinghouse Elect. & Mfg Co., East Pitts¬ 
burgh, Pa. • ■ 

4. For numbered references see bibliography in complete 
paper. . ^ 

Presented at the Summer Convention of the A. I. E. E., Swamp- 
acott, Mass., June S 4 -S 8 ,19S9. Complete copies upon request. 


be produced. An investigation of the stored magnetic 
energy of a machine during short circuit shows that this 
energy fl.uctuates very rapidly and that there is a 
corresponding fluctuation of the kinetic energy of 






Fig. 1—^Tracing of an Oscillogram for a Single-Phase 
Short Circuit 

A —Terminal voltage 

B —Current through a group of contacts—the record (tf the contact and 
flywheel accelerometer measuring toroue 

Q —800-cycle current—^the magnetic record of acceleration or torque 
D—^Fleld current 

E —Current in the short-drcuited phase 

«» 

the rotating mass. The transfer of kinetic energy to 
magnetic energy, and vice versa, must be accompanied 
b5' a torque which alternates between positive and 
negative values. 
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The law of conservation of energy is used to detw- 
mine the torque during a short circuit. ’Electrical 
power cannot flow into or from a short-circuited ma¬ 
chine. However, mechanical power coming from either 
ihe kinetic energy of the rotor or transmitted from a 
mechanically connected machine may be transformed 
into electrical power by the interaction of the currents 
and fluxes. Therefore, applsdng the law of conserva- 



dU 
d t 


-h E i* = Tw 


K resistance is negligible, this reduces to, 
d U 


d t 


= Tw 


( 2 ) 


(3) 


where 

t = time 
R resistance 
U = stored magnetic energy 
T = torque 
W — angular velo(fity 
i =• current 

Prom this it is evidoit that if the stored magnetic 
energy can be determined for each increment of time, 
the corresponding mechanical torque can be calculated. 
The torque discussed here is the resultaht tangential 
reaction of the windings. The torque acting on indi¬ 
vidual parts will depend on the mechanical arrange¬ 
ment. In the case of the synchronous condenser, the 
shaft does not transmit any torque, fe this instance 
the toi;que produced by the winding merely results in a 
change in speed of the rotor. The other extreme 
exists in a rigid rotor connected to an infinitely large 
flywheel by a perfectly rigid shaft. In this case the 
speed of the rotor must be constant and therefore all 
of the torque produced must be transmitted by the 


Pig. 3—Tohqob Developed by, ShortkCibooit of an ’’Ideal 
Machine*’ 

A. Slnplo-phase short circisiC terminal to neutral 

B. Three-phase short circuit, terminal to terminal 
Assumptions: 

1. Short circuit oo(\urs when generated voltage on phase Is zero 

2. Star>connoctod winding 

Maf 

K « 0.86 « —— 

4. Peak noh-symmetrlcal torminalrto-terminal short-circuit current 
equals 12 times rated r. m. s. value of-currOnt per phase 

A 

tion of energy, any intense in the sum of the stored 
magnetic energy, plus^the integral of the energy dissi¬ 
pated, must be accompanied by a transfer of medianical 
energy to magnetic energy. Conversely, any decrease 
in the sum of the stored magnetic energy, plus the 
integral of the energy dissipated, must be accompanied 
by a transfer of magnetic to* mechanical energy. Or 
expressed mathematically: • • 

U -|- J' Ri^ dt — XJ a -f- J' T w d t 
Differentiating, 



Fig. 4—Comparison op Actuah and Theoretical Current 
Wave Shape for Single-phase Unsymmbtrical Short Circuit 
A and C,—Armature and field current, respectively, from oscillogram 
B and JO,—Armature and field current, respectively, from Equations 
(^) and (41) In paper by R. P. Pranldln (B-3) with the value of JFiCchosefi 
to give same maximum values as A and C 
• 

shaft. Actual cases will usually be somewhere between 
these two extremes. The torque acting on individual 
parts of the machine is outside the scope of this dis¬ 
cussion. In this discussian the* term “short-circuit 
torque” will be taken to mean the resultant reaction 
of the windings. During open-circuit operation of a 
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machine there is a certain field current and flux giving a windings is accurately 1 
substantially constant stored magnetic energy. How- lated. Equation (12) maj 
ever, at the instant of short circuit, a large armature In this case the calcuU 
current is produced and the field current rises to several that the method is cumb 
times its normal value, which results in a corresponding The semi-graphical m 
increase in the stored ifiagnetic energy. calculating the torque fr 

The complete paper gives a mathematical treatment and eliminates the neo 
for a machine to which the following assumptions would ductance of the aepar; 
apply; based on the assumptw 

1. The self-inductance of each winding is constant. " 

2. The mutual inductance between field and arma- n circuits io equal to ^ 

ture circuits varies as the cosine of the angle between ^ 

the two windings. tion (35). This equatio 

3. Resistance is negligible. An alternator to which mutual inductance 

these assumptipns apply is called an “ideal machine.” r 

Using the currents and fluxes of the machine, the ■■ ■ 

stored energy is calculated and the result differentiated _ 

to get the time rate of change of stored energy which, g ‘ ^_ 

from Equation (3), is equal to the torque. This gives - 

the following equation for a single-phase short circuit. |- >- 

dU . if g4W)-— 


windings is accurately known and the currents calcu¬ 
lated, Equation (12) may be used to calculate thetorque. 
In this case the calculations become complicated so 
that the method is cumbersome. 

The semi-graphical method has been developed for 
calculating the torque from an oscillogram of currents, 
and eliminates the necessity of determining the in¬ 
ductance of the separate circuits. The method is 
based on the assumption that the stored energy of 


Nit <i>u iu 
2 


a§ given by Equa¬ 


tion (35). This equation holds for any self-inductance 
and mutual inductance between the circuits involved, 


wT = 


= tafia 


And for a three-phase short circuit, 
dU 

wT = = [ta fia + id e 


= [ta fia -|- H 6ft + tc fici ~r 


Where U = instantaneous short-circuit current, sub¬ 
soils a, 6, c, and /, referring to the three phases and 
field, respectively; e — voltage tiiat would have been 
genoated at the same rotor position under open-circuit 
conditions, subscripts a, b, and c referring to the respec¬ 
tive phases. J/ = field current under open-circuit 
conditions. 

Sbmi-Graphical Determination op Torque 
• The equations just given are useful for comparing 
a single-phase short circuit with various pol 3 q)hase 
short circuits and determining general tendencies. A 
turbo alternator approximates the constant self in¬ 
ductance of each phase on which the equations wesre 
based. However, the salient-pole machine has an 
inherently less rugged construction than the turbo 
alternator, so that the determination of Short-circuit 
torque is of greater importance in the salient pole 
madhine where the variation in self-inductance must be 
considered. If the variation in the inductance of the 


CC-EUCTRIC^ DEGREES 

Fig. 5—Comparison of Methods of Calculating Torque 

A, Torque calculated from the “Seml-Graphlcal” method for current 
values A and C in Fig, 4. Points indicated by “ +” show the torque as 
recorded by the contact accelerometer 

B, Torque calculated for current values B and D in Fig. 4. Note that 
semi-graphlcal method an<i Equation (H) give the same results in this 
case since the current Is based on constant self-inductance of each circuit 

C, Besult of applying Equation (11), which was based on constant self- 
inductance. to the actual current (Curves A and C in Fig. 4) froni a machine 
having variable self-inductance 

provided saturation is negligible. The flux ^n be 
determined from the initial conditidhs and, assuming 
that the resistance ifrjiegligible, will remain constant 
during the first instEuifr of short circuit: Then, by 
taking the values of cWent from an osdUogram, the 
energy of the magnetic field can be calculated without 
determining the inductance cf the various drcuits 
involved. The energy can be c^culated for successive 
positions of the rotor and by taking the difference in 
successive values, the change of energy and the resulting 
torque can be calculated. 

. Since the. result depepds upon differences between 
successive values, the values of current must be ac- 


TALB I 

OALOXJLATION OF TORQUE NBGLBOTING RESISTANCE 
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curately determined and the increments of time used 
must be large enough so that the change in current can 
be measured accurately. This calculation is illustrated 
in Appendix IV of the complete paper. Successive 
values for one case are tabulated in Table I, and the 
result plotted for Curve C of Fig. 6. 

Equation (35), which is used to determine the stored 
energy in the ^'semi-graphical' method, is based on the 



Pig. 0—Tohqub Produced by a SiNaLE-piiASE Shout Circuit 

B -Oalculatod from tho recdrdod currents considering the 

effect of roHistanco 

C X---Calculated neglecting tho effect of resistance 

A - Toi’Qiie recorded by tho magnetic accelerometer 

O Torque recorded by flywheel and contact accelerometer ' 

assumption of no saturation. This question is discussed 
in the paper showing that saturatien has a large effect 
on the initial stored energy, but that in deter mining the 
increase in stored energ;^ in usual machines, saturation 
has only a very small effect, since the flux through the 
main iron paths is substantially constant, most of the 
increase in stored .energy coming from the flux travers¬ 
ing leakage paths* through noqtmagnetic material. 
For this reason, in the calculatjion of torque, saturation 
can be neglected with only a-smtiU error. 

The Effect of Resistance. 'I’hus far, the effect of 
resistance has been neglected. Assuming that the 
currents are taken frofn an oscillogram, the effect of 
resistance on the torque calculation is two-fold. First, 
the resultant flux interlinkage of each circuit is con¬ 
stant only when the resistance of the circuit is negligible. 
Actually, to overcome the resistance drop in a short- 


circuited winding, the electromotive force must be 
supplied by the change in flux interlinkages of that 

( . . d d> \ 

i.e.jRi = e = N —— j. Secondly, the power 

represented by the resistance loss is usually not neg¬ 
ligible because of the large values of current involved. 

These two effects of resistance can be incorporated in 
the step by step calculation of torque. The decrease in 
flux interlinkages can be calculated for eadh increment 
of time and this value used to obtain the actual flux 
interlinkages and corresponding stored energy. The 
torque corresponding to the resistance loss can be cal¬ 
culated and added to the torque resulting from the 
change ^n stored energy. This calculation, considering 
resistance, is illustrated in Table II of Appendix IV 
of the complete paper and the torque obtained plotted 
as Curve B of Fig. 6. 

These calculations are for the short-circuit recorded 
on the oscillogram of Fig. 1. On this oscillogram the 
terminal voltage, field current, and armature current • 
are shown. Also the torque is recorded on the oscillo¬ 
gram by the accelerometer described in a paper at the 
Pittsfield Regional Meeting in 1927.“' 

Discussion op Results 

The torque produced by a single-phase short cjrqpit 
varies greatly with the position of the rotor at the 
instant when the short circuit occurs. This discussion 
has been devoted almost entirely to the subject of 
short circuits occurring at the instant-when the terminal 
voltage is zero, which gives the greatest torque. This* 
was done because the designer is interested in the worst 
condition th&t can happen. In the tests made, the 
instant of short circuit was controlled to give this 
worst condition. However,* in operation very few of 
the short circuits will occur at this particular point. In 
most cases the torque will be very small compared to 
the worst condition. 

In the first part of this paper equations were derived 
for an “ideal machine,”—that is, a machine to which the 
assumptions frequently used in discussing short-circuit 
currents would apply. The equations for currents 
derived on this basis are quite generally applied to 


. • TABLE XI 

OALOULATION OF TORQUE OONSIDEBING THE EFFECT OF RESISTANCE 
Note: This example exaggerates tho effect of resistance, slnoo a dO-cyde machine was short-circuited while ninning at 25-cycle frequency and since 
both field and arfbatiire terminals were short-circuited . ' • 
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salient-pole machine with reasonably satisfactory 
results. However, as has been mentioned, it must not 
be assumed that the equations for torque derived 
by using these same approximations can be as generally 
applied. Figs. 4 and 4 are intended to emphasize this 
fact. In Fig. 4 the actual wave shape of the currents 
for a certain machine are compared with the wave¬ 
shapes as given by the equations derived by Franklin,* 
assuming constants whi^ would give the same peak 
value of cuwent in both cases. This agreement is 
satisfactory for most purposes. However, since the 
torque depends upon the rate of change of current, the 
' value will be very different for the two cases. In curves 
' A and B of Fig. 6 this is shown. The area under 
the two cTirves'is the same since the maximum stored 
energy is the same, but the rate of change of energy is 
very different giving a corresponding difference in the 
value of peak torque. 

It might be assumed that Equation (11), which 

*Equatioiis (40) and (41), Short Circuits of Synchronous Ma- 
chines, (References.) 
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gives the torque in terms of the curraits during the 
short circuit and the voltage before the short circuit, 
could be applied to actual measured currents in cases 
wh^e the self inductance of the separate circuits is not 
constant. However, the torque corresponding to sc 
given current depends on the rate of change of induc¬ 
tance. For this reason this equation for torque is true 
only when the cuA^nts vary as in the “ideal ma¬ 
chine.” For instance, if these equations are used 
with the values of current given by Curves A and C of 
Fig. 4, thetorque obtained would bcrthat for the given 
values of current, but assuming that that current was 
varying at a rate given by the theoretical equations. 
The error corresponding to-lhis assumption is shown 
by Curve C of Rg. 5,'which gives a maximum torque 
almost three times the actual value, whereas the torque 
calculated by the semi-graphical method agrees very 
closely with the measured torque. 

Mr. Theo. Williamson conducted most of tihe tests 
refmed to and his work is hereby acknowledged, as 
are the suggestions of Messrs. Fechheimer and Sod^- 
berg, under whose supervision the work was done. 
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An A-G. Low-Voltage Network 

without Network Protectors 

BY LESTER R. GAMBLE* and EARL BAUGHN* 


Member, A. I. E. E. 
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Synopsis.—The object of this paper is to present a description of 
the underground network system in Spokane, Washington, and to 
^ describe the operating experience and problems resulting from the 
installation of ring primary feeders and a four-wire 120/W8-volt 
secondary network supplying universal service. 

Reasons for the choice of the system described are preserved with 
particular reference to the use of a fuse in the secondary circuits 
instead of the ^^Network Protector*' device. 

The general design of the primary feeders, secondary network. 


Associate, A. I. E.«E. ^ 

pilot-wire relays and*fuse protection, and transformer vaults is 
discussed. 

Descriptions of all apparatus and equipmerd are given, 

A report is included cqjiering tests made* under fault conditions. 
The tests, which simulqfeS actual operating condjfions, indicate 
that the system will operate os Se^gned, 

The paper concludes with cPstatement that no difjiculti^ have been 
encountered o% the system and that its operation to date has been 
perfect, 


Introduction 

I N 1923 a general survey was made of the three-wire 
Edison d-c* system serving the downtown district 
in Spokane. The survey indicated that the de¬ 
mands for electric service were placing many limitations 
,,on the d-c. system. 

However, the d-c. system was very satisfactory con-^ 
sidmng the continuity of service. There'^had been few 
cases of trouble, with only one coriiplete interruption 
since the mains and feeders were placed underground in 

1. Assistant Electri^ Engineer, The Washington Water 
Power Company. ^ ^ 

2. Assistant En^eer, The Washington Water Power 
Company. 

Presented at the Pacific Coast Convention of the A. LB, B,, 
Santa Monica, Sept. 3-6,1939, Complete copies uponlrequest. ^ 
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1910. Because of this excellent record, there was con¬ 
siderable opposition to any suggestion of substituting 
an a-c. sysfem in the dpwntown area. Investigations 
showed many advantages of a-c. service over d-c. 
service, botE to tEe consumer and to the company, 
which resulted in a policy to limit the further growth of 
the d-c. system by substituting an a-c.* low-voltage 
network. 

Fig. iB shows the arrangement of circuits and trans¬ 
former vaults, the plan being to limit the growtii of the 
d-c. system by surrounding it with an a-c. network 
S 5 ;gtem, making it unnecessary to expand the d-c. service 
into new distiicts. 

Type op A-C. System Sblbctbew 
In comparing the d-c. S 3 ^em with an a-c. system 


I 

A. 
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having equal reliability, it was found that the latter had Description op Systesm 

certain outstan<hng advantages; namely, high Efficiency The system layout from substation to secondary 

and low cost per Mlowatt delivered. network is shown schematically in Fig. 2. > 

^ The system adopted consists of three-phase, 4000- Primary Feeders. The primary feeders consist of 
volt primary ripg feeders, sectionalized by oil circuit, three-conductor, 260,000-cir. mil, 4000-volt, paper- 
breakers operated by means of a pilot-wire relay circuit, insulated, lead-covered cables. Each feeder is rated at 
and a three-phase, four-wire, 120/^08-volt secondary 300 amperes. 

network supplying a combined light and power service. The feeders are interlaced and the transformer vaults 

The ring type feeder seemed preferable to the radial, coimected so that with the loss of more than one section 
first, because it made it possible to give a two-way feed of a ring feeder or the loss of the entire ^feeder, the 
to isolated loads which could not be conneefed to the service on the secondary network is maintained, 
secondary network send which, due to their importance. Oil Circuit Breakers. The, oil circuit breakers in- 
would require a very expqpsive service from two pri- stalled in the transformer vaults for sectionalizing pur- 
mary feeders with special liirow-over equipment, and poses in case of faults in the primary feeder are rated at 
second, because an analysis of tlfe annual costs of the 15,000 volts, 400 amperes, and 20,000 toperes inter- 




two ty]^ of feeder systems gave, for the particular 
area to be supplied, a lower cost for the ring feeder. 

The a-c. secondary network was adopted because it 
was felt that the high standard o? service which had been 
provided by the d-e. network should not bo lowered by 
the substitution of a radial secondary. 

The plan Oi combined light and power service was 
selected because of the savings attendant on such a 
system. 

The installation of ring primary feeders required the 
use of protective and sectionalizing devices differing 
radically from those used on radial feeder systems. 
Such systems used a device known as the “Network 
Protector” for sectionalizing faults. With ring feeders, 
however, the network protector is not necessary, es¬ 
pecially where fuses can be used effectively to accom¬ 
plish the same result. 


rupting capacity at 4000 volts. The maximum short- 
circuit current in case of a fault on a primary feedar is 
about 10,000 amperes. Fig. 3 shows one t^e of, oil 
circuit breaker used. 

Each oil circuit breaker contains six, bushing type 
current transformers, with 60 to 1 ratio and two five- 
ampere trip coils. 

■ Primary Junction Boxes. Two types are in use; one 
a three-phase, Hour-way; the other a single-phase, four¬ 
way. In either type, two of the four-ways are used for 
the incoming and outgoing feeder, one for the tran^ 
former tap leads and the fourth, a spare. 

The single-phase type, which is oil-filled, is shown in 
Fig. 3, 

Transformers. These are standM’d type, single¬ 
phase, 2400rl20/240-volt, with two five per cent taps of 
18 ^d 19 to 1 ratio and reactance of 4.‘3 per cent, '^.he 
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sizes used are 50-,’ 100- and 150-kv-a. A 6000-to-5 ratio 
transformer on one of the secondary leads is lo¬ 
oted inside transformer tank and used as a part of 
the pilot wire relay scheme described later. The trans¬ 
formers are Y-Y connected. The primaiy and secon- 
da^ neutral is connected to theneutral of the secondary 
network, which, in turn, is connected'to the d-c. Edison 
neutral. 

Secondary Junction Boxes and Fuses. The trans- 
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the pilot-^e relay circuit consists of a three-conductor, 
No. 8, s%ven-^trand, 600-volt rubber-insulated, lead- 
covered cable. This cable and the si^al’cable described 
below are placed in the same duct and follow the route 
of the primary circuit. 

Signal Cable. The signal cable is loj • iving indica- 
catiom at the substation as to the circuit breaker 
positions. This cdble is lead-covered, four, eight, and 
mneteen conductor. Each conductor is No. 12, 19- 
strand, 60(^volt, rubber-insulated. The circuits for 
the indications are supplied from a 125-volt d-c. bus 
in the substation. „ 

Pilot-Wire Relays and Fuse Protection. The connec¬ 
tions used in the pilot-wire.felay scheme are shown in 
^gs. 8 and 9. This scheme of connections was proposed 
by Mr. Baughn and consists in reversing the current 
tranrformer secondary in the middle phase. 

With balance three-phase current in the primary, the 
reversal of one current transformer secondary causes 
the vector sum of the^ secondary currents to be twice 


To IsoLATEO Load 


Fra. 2—One-Line Diagram op One Pbimaht IJ^ing Feeder 

former secondaries are fused to the mains by open, link 
tpe^ copper fuses mounted in the water-tight box 
shown in Mg. 6. The secondary leads are run from the 
use box through a duct line to the nearest manhole 










Fig. 3, Ttpical Vault Showing Installation op Conrit 
Oil Circuit Breaker 

single-phase, five-way boxes for con, 
nection to the mains. 

Secondary Cable. The mains are 600,000-cir. mil 
sin^e-conductor cables installed in separate ducts. The 
^ns on the Edison three-wire system were uaed ^ 
milled and the fourth (^nductor added to giv^ the 
t^d pha^. The general arrangement of the cables is 
^pwpinMg,lB. , ■ 

.:Co^ol.(B^,W^e) Cable. The control cable for 


Fig. 6—Shconda1Pi».Pusb Box with Cover Removed 

* ^ # 

the current in any one-s^ondary. The vector sum of 
the currents circulates continuously through the pilot 
wires a^the two groups of'current transformers in 
senes. Two tnp coils, one in each of the circuit breakers 
at either end of the primary feeder section, are 
coimected in sen^ through a third wire and connected 
to ^0 points m tiie pilot-wire circuit which under nor¬ 
mal conditions are at the same potential above ground 
Comequently no current flows in the trip coils Is long 
as there is no fault in the primaiy cable included in the 
pilot-wme relay section. 

The current transformers in the secondary leads of 

ill TT connected sinularly, and 

the resultant current added to the currents from the 

in' th. prtaa.^ 

i.The ^vantage of reversing one current transformer 
with respect to^the other two i» that protection kZ 
tlmee-ph^e faults and also-single-phase 
faulte between the phase having the reve^d current 
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transformer and either of the other two phases, as well 
as faults to ground, which latter is the only pJotection 
secured with this type of connection if one current 
transformer is not reversed. The only faxilt which this 
scheme does not protect against is a short circuit be¬ 
tween the two phases which do not have the reversed 
current transformers. A fault of this kind, however, 
will involve either the other phase of ground and open 
the breakers. 

Another advantage of this connection is that tha'e is 
no current throng^ the trip coils, except when faults 



Fig. 8—^Wieiwg Diageam Showing CtJERENTS in Pilot 

. WiEBS UNDBE NORMAL CONDITIONS 

occur within the section protected, regardless of the re¬ 
sistance of the pilot wires. This allows the use of small 
sized pilot wires, and places no limit on the length of 
cable section to be protected. . * 

When faults occur in the high-voltage feeder or trans¬ 



pilot-wire circuits under normal conditions for an as¬ 
sumed load of 160 amperes per phase in the high-voltage 
feeder and 30 amperes per phase in the primary of the 
transformer bank. Fig. 9 shows the conditions under 
an assumed three-phase short circuit in the length of 
cable included in the section of pilot-wire relay protec- 



PiQ. 10 —Plan op Typical Transpormbe Vadi/p 

tion. The values of current given are for illustration , 
only. 

The size of the copper link fuses in the transformer 
banks varies from 800 to 1500 amperes rated capacity, 
depending upon the size of the transformer and its 
distance from adjacent vaults. «■ <• 

Transformer VavMs. These have been placed in the. 
street, it having been found impractical to place them 
in the areaways under the sidewalks. ^ A t 3 ^ical vault 
is shown in Fip. 10 and 12. 

Natural ventilation is provided by means of steel 
grates in the ipof at each end. Chimney action is pro- 


PiG, 9—WuHNG Diagram Showing Cvrebnts in Pilot 
W iEBS UNDER ShORT-CiROUIT OonDITIONO 

former, current is fed into them from both ends of the 
high-voltage loop feeder and from tihe low-voltage 
network. Under this condition, the currents in the pilot 
wires oppose each other and the trip-coil dreuit provides , 
the only path for these currents. The circuit breakers 
open instantly and clear the fault from the feeder. The 
low-voltage network continues to feed power through 
the one bank of transformers connected to the ^ctio® 
of cable in which the fault occurred until thefuse in the 
low-voltage side of the transformer blows. * 

Fig. 8 shiJws the currents in the power cables and 



Pig. 12—Sectional Elevation op Transformer Vault 
Showing Oil Circuit Bebakee, Junction Boxes and Ar- 
eaNUbmbnt for Ventilation 

9 

vided by carrying thf inlet on one end to approximately 
12 in. from the floor. This is shown in Kg. 12. The 
effective opening at each end is 900 sq. in,, which takes 

care of%, 460-kv-a. bank of transformers. 

• • 

Tests Under Fault Conditions 
After the network had been in operation for some 
time without trouble, its operation was tested under 
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short-dreuit conditions by pladng grounds and short 
circuits on both the primary and secondary cables at a 
time when the results could be observed. 

Tests on Primary Cable. A test was made on the 
primary cable by connecting to the primary feeder 
through a temporary circuit breaker a short piece of 
three-conductor, 4000-volt cable, with one of the con¬ 
ductors grounded to its lead sheath. Upon closing the 
temporary breaker, the subway breakers on each side 
•of the ground opened instantly, clearing the fault from 
the feeder. ” The current fed back from the secondary 
network was 1800 amperes, but was not sufBicient to 
blow the 1000-ampere fuses in use. The fuses have 
since been changed to 800- ampere. The secondary 
voltage was reduced from 123 volts to 20 volts at the 
vault where the test was made, and from 123 jvolts to 
110 volts at a vault 882 ft. distant. 

Another test was made at the same location. It con¬ 
sisted of placing a three-phase short circuit on the 
primary feeder. The subway breakers operated satis¬ 
factorily and the current fed back from the network was 
• 8000 amperes per phase, blowing the 1000-ampere fuses 
Jn 3.25 sec., which completely isolated the fault. The 
secondary voltages at the two vatdts mentioned above 
were 20 volts and 101 volts, respectively. 

Tests on Secondary Cables. One test on the secondary 
cables consisted of taking a short length of 500,000-cir. 
mfl cable and driving a nail through the lead sheath into 
^e copper. This piece of cable was attached through 
a temporary breaker to one phase of the secondary 
mains. The test.was made at a point 336 ft. from one 
•vault, 346 ft. from a second and 867 ft. from a third, 
each having three 60-kv-a. transformers installed. 
The cable with the nail in place was put in an 8-ft. length 
of fiber conduit. When the temporary breaker was 
closed, there was a slight* explosion accompanied by a 
puff of smoke, after which the short circuit immediately 
cleared. Examination of the cable showed the lead 
was burned baok about 1/16 in. all around the nail. 

Other tests consisted of copper-to-copper short cir¬ 
cuits at 208 volts using No. 2, No. 00 and 260,000-cir. 
mil, paper-insulated, lead-covered, 1500-volt cables. 
In making tests on each of these conductors, the ends 
were slipped half way through an 8-ft. length of con¬ 
duit, and power applied. Violent explosions occurred 
and the short circuits burned clear in from one to two 
seconds. 

, The secondary fiises showed no signs of heating duiipg 
the secondary short-circuit tests. 

Voltage Regtjlatjon 

The line drop compensators on the induction regula¬ 
tors are set to compensate to the low-voltage sideof the 
transformer at approximately the center of the loop. 
No provision hasf been made for cross-connecting the 
compensators on the different feeders. The operation 
of the induction regulators has been entirely satis¬ 


factory, without any tendency in the regulators on the 
different feeders to buck each other. 

Tests at various customers’ service switches showed 
the voltage varied from 122 to 120 volts with no sudden 
variations of sufficient magnitude to cause flickering 
of lights. 

Conclusions 

No difficulties have been encountered on the system 
since its installation, and no complaints have been re¬ 
ceived to date because of low voltage or unsatisfactory 
motor performance. • 

The short-circuit tests indicateifl that the system 
functions perfectly under fau^t conditions. 

The fuse operation proves its complete dependability 
and the pilot-wire control gives assurance of sectionaliz- 
ing primary faults. 

The very small reduction in power supply to the 
secondary network, due to a primary fault eliminating 
only one transformer bank, is a distinct value to the 
service rendered. 

In general, there is every reason to believe that the 
universal type of a-c. network without network pro¬ 
tectors, as now installed, will continue to prove its 
worth as a means of supplying energy to one of the 
hipest types of electric service. 


STAR-HEAT MEASURED BY 
ELECTRICITY 

A thermometer so delicate that it can measure the 
heat from stars is a recent application of electricity to 
scientific research, according to Doctor Henfy Norris 
Russell, noted asla’onomer, in Sd&niific American. 

Stars invisible to the naked eye are* found in a power¬ 
ful telescope, which concentrates the* starlight over the 
measuring device. The rays are carried through a RTnall 
window into an exhausted receiver and* fall upon a 
thermocouple. This consists of a junction‘of two tiny 
wires of different metals which, if heated, sets flow¬ 
ing a minute electric curreflt through a sensitive 
galvanometer. 

The wires of the thermocouple are one one-thou¬ 
sandth of an inch in diameter, and the whole unit 
weighs less than one six-hundredth of a grain. The 
heat from-Betelguese, which sends us more than any 
other star, naises the temperature of the thermocouple”~ 
by about one-sixtieth of one degree, but so sensitive 
is the galvanometer that the infinitesimal current set 
up causes the recording spot of light to swing through 
,18 inches. 

Studies with the electee thermometer have already 
proved of value to astronomers, says Doctor Russell. 
More than 100 stars have been measured, and experi- 
i»ents thus far indicate that the apparent brightness of 
a |tar may’have little or nothii^ to do with its heat, 
since much of the heat may be radiate^ in waves 
invisible as light. 
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To the Board of Directors: 

• During the past year considerable progress has been 
made in the various branches of electrical communica¬ 
tion engineering. The Committee on Communication 
submits the following report as a sumbiary of the princi¬ 
pal developments. 

Telephone Transmission 

Work on . improved telephone transmitting and re¬ 
ceiving apparatus ahd amplifiers by the Bell System 
has made possible the completion of a new telephone 
transmission reference systefti, two copies of which have 
been built. One has been installed in New York in the 
Bell Telephone Laboratories, and the other in Paris 
under the auspices of the International Advisory 
Committee on Long Distance Telephony. The manu¬ 
facture of these two reference ^sterns forms a basis 
for world-wide agreement on the fundamental standards 
to be used in judging telephone transmission, A de¬ 
scription of this equipment is given in a paper entitled 
Master Reference System for Telephone Transmission, 
by Messrs. Martin and Gray, scheduled for presentation 
at the 1929 Summer Convention. 

Agreement has also been reached on the use of the 
fundamental unit of transmission, named the “bel.” 
The tran^ission unit which has hitherto been used 
in this coimtry is one-tenth the size of the bel and will 
therefore be known as the “dedbd;" It will be continued 
in use in this country. ^, 

At the Vinter Convention of the Institute, a paper 
on the subject of Vecior PreseniaMon of Wave Filters was 
presented by Messre. Mallina and Knackmuss.* 

Telephone.Service Improvements 

With the increase of appnjximately $275,000,000 
in telephone plant investmen'^ ?for the country for 
the year 1928, toll telephone conversations* increased 
per cent over 1927., The handling of these toll 
calls has been improved, both as regards speed and 
dearness of voice transmission. Toll calls are now 
handled on the average in 1.2 minutes and in over 96 
per cent of the cases the subscriber remains at the 

telephone. Over 97 per cent of the long toll messages 

- * « 
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are carried out without evidence of transmission difli- 
culty or interruption. 

Important developments in long distance telephone 
communication iff Canada induded the completion 
during 1928 of direct circuits between Montreal and 
the maritime provinces, between Toronto and Win¬ 
nipeg, and between Calgary and Vancouver. 

In several of the larger cities of the United States, the 
practise of telling the time of day to subscribers who 
call the number designated for this service has been 
initiated. 

Dial Telephony * 

The dial service was rapidly extended, the munber 
of dial telephonesin the United States increasingapproxi- 
mately 600,000 during the year, with about 18 per cent 
of the total stations now on this basis. 

This expansion in the service requires continued 
devdopment work and in the dial system areas, gen¬ 
eral use of mechanical tandem equipment is rapidly 
extending. This applies not only to the largest areas, • 
but to others as wdl; and to step-by-step areas as well 
as to panel. 

For areas in which step-by-step equipment is used, 
the dial system “B” boards have been initiated. 
These boards make dials unnecessary on manual *‘A" 
positions which are required to operate into dial offices. 
Such equipment has been found satisfactory in opera¬ 
tion, and its use is spreading. 

Carrier Systems 

The most unportant advance in the art of carrier 
current telephony over telephone lines during the last 
year was the extensive application of short-haul 
single-channel carrier systems. About 200 of these 
were manufactured and installed, providing approxi¬ 
mately 20,000 mi. of carrier circuit in place of wire 
stringing. This system' was described in detail by 
Messrs. Black, Almquist, and Ilgenfritz at the Pacific 
Coast Convention in Seattle in a paper entitled Carrier 
Current Systems for Short ToU Circuits.^ 

The important advances which have been mentioned 
for the past few years in the annual reports dong carrier 
current lines were described in detail in a paper entitled 
Cafrier Systems on Long Distance Telephone Lines, 
presented at the Summer Convention in Denver by 
Messrs. Alfel, Demarest, and Green.® This paper • 
also gave data showing the steady increase in commer- 
• dal applications of these carrier systems. 

In the field of carrier current communication over 
power lines there has been continued progress in im- 

2. A. I. B. E. Quarterly Teans.^VoI. 48,Jajiuaay 1929, p. 117. 

3. A. I. E. E. Quarterly Trans., Vo 1..47, October 1928, 
p. 1360. 
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proving designs and at the same time increasing the 
simplicity of operation. Additional installations of 
carrier tdephone equipment are continuing at a normal 
rate, and this type of equipment has a wdl defined place 
as a reserve means of‘communication. In several cases, 
particularly on high-Troltage superpower s 3 ^ms, power 
companies are making use of carrier communication 
for dispatching pmposes. This is particularly true in 
isolated locations where the conunerdal telephone 
plant has not developed sufiiciently to meet the require¬ 
ments for continuous service. 

Interesting data on power line carrier current working 
are contained in the following papers: Power Une 
Carrier TelepJ^y, by Messrs. Puller and Tolson, and 
Problems in Power Line Carrier Telephony, by Messrs. 
Wolfe and Sarros, presented at the PaciS; Coast 
Convention; Transmission of High-Frequency Currenis 
for CommunicaUm over Emsting Power Networks, by 
Messrs. Boddie and Curtis, and Carrier Current and 
Supervisory Consol on Alabama Power Company's 
System, by Messrs. Robinson and Woodcock, presented 
at the Atlanta Regional Meeting.^ 

Telephone Plant 

An outstanding feature in the past year has been 
the rapid extension of toll cable, there having been 
placed during the year about 2600 nu. of toll cable 
including more than one and one-third million miles 
of conductor. The continuous toll cable network now 
extends along the Atlantic seaboard north to Bruns¬ 
wick, Maine and south to Greensboro, North Caro¬ 
lina." Westward'extenaons on several separate routes 
have been carried to St. Louis, Missouri, and Daven¬ 
port, Iowa. In Canada, the Hamilton-Bufialo and 
Toronto-Oshawa links have been completed. 


describes the method of selecting and using lodgepole 
pine, wMch has not hitherto been used to any appre¬ 
ciable ejrtent for this purpose 

Telephone Equipment 

A new form of information desk designed for greater 
convenience of reference and improved speed of answer 
has been developed. Improvements, particularly in 
connection with telephone booths and telephone sta¬ 
tion units, have been made and will result not only in 
better and more convenient apparatus but also in pro¬ 
viding greater usefulness. 

Improved dial system equipment particularly 
adapted for small private Ijfanch exchanges was made 
available during the «rear. This equipment has asso- 
dated with it a small cabinet for desk mounting, which 
takes the place of a section of switchboard and is 
arranged so that the attendant’s semces are not 
required for disconnection, thus improving the over-all 
service and operating* economies. 

Private branch exchange equipment adapted to the 
requirements of large residences has also been 
developed. This equipment is intended to provide 
various special features which are in demand and also 
to introduce some improvements and simplifications. 

The Bell System" is experimenting with company 
operation of private branch exchanges with a view to 
improving this branch of the service. 

To facilitate improvements in toll service to small 
outlying offices, ^ series of small power units par¬ 
ticularly adapted for use in such offices to supply a 
few telephone repeaters, carriei’ terminals or •telegraph 
circuits was developed. 

Developments in Materials 


An electrical alarm system has been developed for 
indicating the presence of moisture in telephone cables, 
as shown by low insulation. This system consists of 
a vacuum-tubp alarm device which is connected suc¬ 
cessively after a suitable charging interval for a period 
of approximately 60 sec. to various conductors in the 
cable. To avoid interference with working circuits 
the test is made from the midpoint of the repeating 
coil on phantom circuits. 

For the local plant, a cable has been developed con¬ 
taining 1818 pairs of 26-B&S gage wires. This com¬ 
pares with a previous maximum capacity of 1212 pairs. 
The new fine gage cable will be particularly useful in 
' conserving duct space in congested metropolitan areas. 

"With .the increasing demand for pol^ used in thb 
construction of power and communication lines, new 
sources of supply must be developed, hfr. Lmdsa/s 
paper Utilization of Lodgepole Pine Timber for Poles,^ 
presented at the Summer Convention in Denver, 

4. A. I. E. E. Quarterly Tbans.. Vol. 48, January 1929, pp. 
102, 107, 227, and 214 respectively. 

6. A. I. B. E. Quarterly Tbans., Vol. 47, October 1928, 
p. 1354. 


The basic conception of the insulating properties 
of textile insulatiofi has been investigated by the engi¬ 
neers of the Bell System* and it has been found that by* 
suitable pISrification processes, the insulating properties 
can be materially improved. •JThe process and results 
are described in a paper entitled Purified Textile In¬ 
sulation for Telephone Central Office Wmwg''by,Messrs. 
Gleim and "Wood. A companion paper by Messrs. 
"Williams and Murphy on the subject Influence of Moisture 
a/ndElectrglytesupon Textiles as Insulators''was presented 
at the same meetmg. 

During the year, the use of cellulose acetate has been 
extended materially, both in solid form apd for impreg¬ 
nating textiles used in telephone work. Cellulose 
acetate is the base of the best grades of artificial silk, 
is non-inflammable, and has other valuable mechanical 
and electrical properties.* 

An important development of the Bell Telephone 
l^bor^ries has been a series of alloys of iron, nickel, 
a nd cobalti ^known as the “permiii"vars.” This develop- 

6. A. I. E. E. Quarterly Tbans., Vol. 48, Aprii 1929, p. 576. 

7. lUd. p. 568. ^ 
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ment is an outgrowth of the earlier discovoy of perm¬ 
alloy. The new alloy has not only higli initial 
pCTmeability, But its permeability is constant to a 
remarkable degree. Its properties indicate that it 
will be very serviceable in certain t 3 T)es of communi¬ 
cation equipmeftt and ssrstems. 

Airways Communications 
An experimental trial of rapid telephone methods for 
collecting the necessary weather data is now being con¬ 
ducted in California by the Weather Bureau with the 
cooperation of the Guggenheim Foundation and the 
Pacific Telephone add Telegraph Company. 

Another adaptation of vire services to airways com¬ 
munication is the use of telephone typewriter service, 
A number of installations has bein made both for local 
communication at the airport and for communication 
beween airports. 

A desaiption of a successful system of guiding air¬ 
planes along fixed airways during fog or low visibility 
was given in a paper entitled Uses of Radio as an Aid to 
Air Navigation,^ by Dr. J. H. Dellinger, presented at the 
Winter Convention. 

Wire Line Systems for Broadcasting 
In the June 1926 report of this committee, mention 
was made of the fact that long distance wire lines 
.were coming into use for enabling good programs to 
be made available at a number of widely separated 
broadcast stations. This use of wire lines in connection 
with broadcasting has increased tremendously and the 
circuits regularly in use for this purpose on January 15, 
1929 served more than *110 radio broadcasting stations 
and included more than 28,000 mi. of^ telephone circuit. 
In addition, oveifc 40,000 mi. of tele^ph circuit were 
also in use for control purposes. 

Frequency Contrown Radio 
^ With the trowth which is oceiprlhg in the number of 
* radio channels, especially th(^e opiating at the higher 
frequencies (short waves), the ability to set the channels 
accurately in the frequfSicy spectrum and to hold them 
to theirassignedfrequenciesduringoperationhas become 
of fundamental importance. Substantial contributions 
have berai made during the past year or two in improved 
methods for accurately measuring frequencies and in the 
practical working out of the quartz-crystal oscillator con¬ 
trol for transmitting stations. Most of the^more impor¬ 
tant broadcast stations of the United States are now crys- 
tal-controUe^, whereby tiieir frequencies are maintained 
with an accuracy of the order of ± 50 cycles. Stations 
not equipped with such control sometimes find difficulty 
in staying within a ± 600-cycle limit. The majority of 
the more important short-Wave transmitters of tiie 
world are likewise using crystal control but due to the 
imperfections of the arrangements in practical u^, 
much interference exi^ between these shojt-wave chan¬ 
nels. Laboratory advances made during the past year 

• 8. md.,p.m. 


in the crystals themselves, including the manner of cut¬ 
ting them and of controlling their variation with tem- ' 
perature, as well as improvements made in the circuit 
arrangements for emplo 3 dng them, will* reduce this 
interference as these •methods become more generally 
available in practise. 

A frequency mfeter has been developed which reads 
radio frequencies directly on an indicating instrument. 
This operates on a heterodyne principle in which the 
standard circuit is controlled by a piezoelectric crystal 
oscillator. The accuracy is 100 cycles in a ‘million. 

Railroad Train Radio Equipment 

Further progress has been made in the application of 
radio communication between front and rear ends of 
railroac^ trains. In a recent installation, modulated 
continuous wave transmission at a wave length dightly 
over 100 meters is used and reliable communication is 
obtained. While the main principles employed remain 
unchanged, much has been done tpward solving the 
design problems involved. 

Transatlantic Telephony ' 

The most outstanding phases of transatlantic tele^ 
phony during the past year were the very substantial 
growth which occurred in telephone traffic and the ex¬ 
tension of service to all points in Germany, Holland, 
Belgium, Switzerland, and Spain, and to one city in 
northern Africa. Certain other important pointrfvsfere 
reached also, such as Paris, Copenhagen, Stockholm, 
and Vienna, The extension to Paris was very impor¬ 
tant, as about 25 per cent of the traffic istoorfromParis 
as compared to 50 per cent to London and from 6 to 
10 per cent to Berlin. On the American side,theservice 
was extended to nine cities in Mexico, seven of the 
more important cities in Western Canada, and to all 
points in the provinces of Ontario and Quebec. 

To facilitate the operation of the drcuit, printing 
telegraph madiines are now used during intervals be¬ 
tween telephone calls for the purpose of passing “ticket 
information” regarding the ^Is and for transmitting 
other messages relating to the service. 

In June 1928 a second two-way drcuit was brought 
into service. The radio portion of this circuit uses very 
short waves, 16 to 33 meters in length, as contrasted 
with the long waves used for the other transatlantic 
circuit. The circuit is arranged to be used either inde¬ 
pendently or in combination with the older circuit, and 
experience has shown that the combination of long and, 

• short wave drcuits gives a greater oyer-all reliability 
than with the same number of facilities operated on 
eitiiCT long or short waves. It is expected that the in¬ 
creasing use and further development of transatiantic 
telepjiony will require further facilities. 

During the year the res^ch enpneCTs of the Bell 
Telephone Laboratories have perfected a means of 
making a transatlantic telephone cable. Until now a 
submarine cable of this length has been impossible as 
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current sufficient to carry speech could not be sent by 
submarine cable such long distances, because the de¬ 
vices which are used on land for amplifying the speech 
currents, such as loading coils and repeaters, could not 
be attached to the wire imder water. This cable when 
constructed will not only substantially increase the 
telephone facilities for transatlantic communication 
but will also provide a circuit of maximum reliability. 

Transatlantic Telegraphy 

One of the accomplishments in the communication 
field during 1928 was the successful laying of the Bay 
Roberts-Horta duplex loaded cable by the Western 
Union Telegraph Company. This cable differs from 
loaded cables previously laid by that company in that 
the loading material is Mu-metal instead of permalloy, 
put on in the shape of wire instead of ribbon as formerly 
used. In order to pmnit of successful balancing for 
duplex operation, the cable is fully loaded only on the 
mid-section. To\rards the ends, the amount of loading 
material is decreased until the shore ends proper have 
no loading material whatever. The cable was designed 
to give a speed of 1000 letters per minute duplex, or 
'2000 letters per minute simplex, but tests made thus 
far upon the cable indicate that these speeds may be 
exceeded. 

Printing Telegraphy 

The expansion in the telephone typewriter service 
has been marked by the installation of more than 3000 
printing telegraph machines during the past year. 
Special circuits and switching arrangements have been 
^developed for use'by the subscribers in interconnecting 
the lines used with these types of machines. A number 
of these switching arrangements has been installed to 
meet the special requirements of customers where a 
switched tsrpewriter service somewhat similar to that 
given with telephone instruments associated with 
private branch exchanges is needed. These arrange¬ 
ments enable a quick communication service to be 
obtained and at the same time have the advantage of 
giving a written record of such communications. 

Printing telegraph instruments of the same general 
character as those mentioned in the preceding para¬ 
graph are also being used in rapidly inCTeasing numbers 
by the commercial telegraph companies, about 6000 
having been installed during the past year. In this 
field for the transmission of telegrams the prindp^ 
application of the machines is on lines connecting main 
'and branch offices of the telegraph company with each 
other and with customers’ establishments. The major' 
switching problem involved is the concentration of 
numerous lines of this character for efficient traffic 
handling by a group of central office operators. Equip¬ 
ment recently installed permits the concentration of 
one hundred or morfi lines oo as to be accessible to any 
required number of operators. 

Excellent progress was made during the year in the 
joint development by the Teletype Corporation and the 


Western Union Telegraph Company of a high-speed 
ticker ca^)able of operating al; 600 characters perminute. 
Installation of this new ticker and its associated equip¬ 
ment will take place during 1929 in the New York Stock 
service. The same machine will be used by the Tele¬ 
graph Company and by the New York Quotation 
Company, which is the official operating company of 
the New York Stoffic Exchange. 

In the field of trunk-line message circuits between 
cities, which are usually operated by high-speed multi¬ 
plex printing telegraph apparatus,^ an important de¬ 
velopment of the past year has been the extension of 
metallic circuit working. Most earlier attempts have 
required the use of two Iple wires for each metallic 
circuit. In the ss^tem now successfully used by the 
Western Union Telegraph Company, three high-speed 
metallic circuits are obtained from each group of four- 
line conductors without carrier frequencies. 

Facsimile Transmission 

A considerable incr^se in the use of the telephotog¬ 
raphy service of the Bell System resulted from com¬ 
mercial arrangements made during the year. Under 
these arrangements, the leading telegraph companies 
collect from and deliver to the public photographs, 
diagrams, and other facsimiles which are transmitted 
over the telephotograph circuits. 

The Westinghouse Electric and Manufacturing 
Company reports that an apparatus has been developed 
for facsimile picture transmission which is considerably 
more rapid than th'b existing commercial systems. It 
is expected that this will be a'v^lable for sale in a com¬ 
paratively short time. 

' Television 

0 > 

What appears to have been the, most significant 
advance in television made during the year was the 
development of eqiflpment for the transmission of 
images of outdoor scends, illuminated by Wnlight. A 
public demonstration of this equipment was given at 
tiie Bell Telephone Laboratories on July 12, 1928, at 
which time action scenes, such*^»s a tennis player going 
through Ms strokes, were successfully transmitted. 

An improved photoelectric cell of greater sensitivity 
and a more efficient optical system for scanning were 
employed. 

' SouNb Pictures 

The year 1928 sa'w wide extension of soimd-picture 
systems throughout the theaters of the United States, 
and the equipment of the important studios with re¬ 
cording apparatus for producing both disk and film 
records. The light-valve method of recording sound 
on films was introduced commercially, and altogether, 
during the year about 2000 sound projector equipments 
were put into use in motion picture theaters in thecoxm- 
try. Also improvements in frequency range of record¬ 
ing, and reproduction were made during the year, 
and electrical systems for the accurate speed, control of 
the projector equipment were utilized in the reproduc-* 
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ing*systems. Field equipment, as distinct frjm studio 
equipment, was developed for recording, as was also 
portable projector equipment. The first educational 
sound-picture film, a production of the Bell Telephone 
Laboratories, made its appearance during the year, 
developing the'principles of carrier-current telephony, 
particularly modulation and filtering. This film was 
projected before several sdentiflc and educational 
audiences. 

Municipal and Protective Signaung 

There has been a considerable increase in electrical 
signal devices for traffic control. Synchronous control 
of such signals along a street or throughout a section 
appears to be growing in favor. Progress has been 
made in the application of signals which normally 
permit a steady flow of traffic along a main thoroughfare 


but subject to manual or automatic reversal on the 
approach of traffic from a side or cross street. 

For small fire alarm systems, an improvement of the 
past year has been the introduction of electrical sirens 
that can be coded satisfactorily. The various defects 
of former types have been overcome to a great extent, 
and further development will lie probably in provisions 
for emergenqr power supply to ensure, operation even 
if the public electrical supply should be deranged. 

An increase is noted in the use of police sig nalin g 
systems. The older local battery systems are being con¬ 
verted to central energy operation in some cases* 
There is also a tendency of banks and other finandaH . 
institutions to connect their protective circuits and • 
vault alarm ssratems to the police signal Circuits. Some 
expansion has also taken place in the intemrban tde- 
tsrpe signaling systems motioned in last year’s report. 
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A New Automatic Synchronizer 

BY F. H. GULLIKSENi 


Associate, 

Synopsis.—The fundamentais of aiitomatie synchronizing are 
discussed, and the requirements which must be met by the ideal 
synchronizer outlined. The design and principle of operation 
of two different models of a newly developed automatic synchronizer 
are described. The paper treats of the method by which, for any 
frequency difference within limits, of pregerU operaii'ng practise, 
either model of the synchronizer will cause the closing coil of the 
circuit breaker to be energiged in advance of synchronism by a 
time equafto that required to dose the circuit breaker. The closing 
coil of the circuit breaker is therefore energized when the phase 
displacement betweere the voltages of the two systems to he syn- 


. Fundamentals op SYttpHRONiziNG 
HE synchronizing of arc. •generators is one of the 
most exacting duties reqiMred of an operator in a 
manually-operated generating station.* When the 
operator is bringing a ^w unit on the line he knows 
that a false move may damage a machine worth 
hundreds of thousands of dollars, or at least may cause 
on the systen, disturbances so sev^ that important 
s 3 mchronous load connected to it may fall out of step. 
For this reason, the influence pf the humai; element is 
more pronounced in manual ssmchronizing than in 
most other generating station op*erations where the 
result of a faulty move will not be as disastrous. It 
has long been the trend within the field of electrical 
operations to try to eliminate the human element and 
substitute for this a mechanical device which is not 
affected by nerves and human emotions, and which 
can always be relied on to operate at the topmost rate 

of efficiency and performance. This is ev«i more the 
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chronized is suck that, assuming the frequency difference between 
the two systems remain constant during the short time required 
to close the breaker, the breaker contacts will always be closed 
at the instant of zero voltage phase displacement. The featons 
for the excellent performance of these automatic synchronizers, 
even when applied to connect systems with very erratic frequencies^ 
are outlined, A series of tests is referred to, showing the superiority 
of automatic synchronizing in comparison with manual synchro^ 
nizing, and the results obtained with the new synchronizer models 
in a generating station with propeller type waterwheels are described,, 

* * ii» ♦ *, 


case when the mechanical device will do a better and 
quicker job than a skilled operator. 

It is a well-known fact that due to the syndironizing 
force, it is possible to connect two synchronous genera¬ 
tors even if a frequency difference exists between the 
two madiines. Small generators can thus safely be 
connected to a large system at frequency differences as 
high as }4, cycle per second. To keep the equalizing 
current within permissible limits, however, the case 
requires that the breaker contacts be closed at the 
point of zero voltage phase displacement. The under- 
Ijflng idea of the design of an automatic synchronizer 
is therefore to provide an apparatus that will close the 
breaker connecting two somces to be synchronized iT 
'the frequenc:^ difference between the two sources is 
below a predetenyined value to be chosen for each 
particular application, and to accomplish this at such 
a moment that, independent of the instantaneous fre¬ 
quency diff^ence, the breaker contacts will always 
engage at the instant of z^o phase^ displacement be¬ 
tween the voltages. The factor that complicates the 
design of an ideal automatic syndbronizer is the time 
element of the circuit breaker. There is always a 
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certain time required from the energizing of the closing 
coil of a circuit breaker until the breaker contacts 
close. This time is practically constant for a definite 
breaker, but varies for different types and sizes of 
breakers from 0.2 second to 0.6 second. In most 
synchronizing applications the frequency of the machine 
to be connected is fflratic, so that the synchronizer 
at times will have to close the breaker at an instan¬ 
taneous frequaicy difference equal to the maximum 
frequency difference for which the apparatus is adjusted 
to operatefand at other times it will have to dose the 
breaker when the frequency difference is practically 
zwo. To obtain breaker dosure at zero phase angle 
displacement for any frequency difference within the 
selected s 3 nichronizing zone, the synchronizer must 
therefore be designed to energize the breakei; closiag 
coil at such a point in advance of synchronism that 



Fig. 1 —Front View of the Automatic Synchronizer with 
Cover Glass Removed 

tile amount of advance, measured in d^rees phase 
angle displacement, is alwa 3 rs proportional to the 
instantaneous frequency difference. 

This proportional advance feature is incorporated 
in the two modds of the automatic synchronizer 
described in this paps’. 

Design op the New Automatic Synchbonizbr 

In Fig. 1 is shown a front view of tiie new automafic 
synchronizer with the front glass covs removed. 
”^01 this apparatus two different models Type XY-U^ 
and Tyipe XY-12 are available. Thq design and* 
appearance of tiie two models are quite alike, but tiie 
piindple of operation is diffs^t, one model,—the 
Tyipe XY-12,—bdng deagned e^ecially for applica¬ 
tions with very erratic frequencies. * 

Prom Figs. 2 aiuf 3 ma^ be seen that the two coils 
11 and 14 are connected in series across the beat volt¬ 
age between the two systems to be symdironized, so 
that tiie voltage across the coils is zero when the pTyao 

/• I 
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displacement between the system voltages is zero, -and 
220 volts when the phase angle displ^ement is 180 
d^. Provided the voltages of the two syrstmns are 
sine waves, the voltage across the coils will vary as a 
sine curve. 

The synchronizer consists essentially of two inde¬ 
pendent coil-core lever systems and four d-c. relays 
of the telephone tS?pe. The one lever system is com¬ 
prised of dashpot 12, coil 11, core 10, lever 22, fulcrum 



Pig. 2—Diagram of Connections and Schematic Diagram 
FOR Automatic Stncheonizeh Ttfe iSY-11 

6, and springs 19,20,21. Lower contact B is mounted 
bn lever 22. The pull of the springs 19,20, and 21, and 
the pull of coil 11 on core 10, are so proportioned that 
for phase angles up to 60 deg. the amount of ti'avel of 
lower contact B, in relation to the highest position of 
contact X i? proportional to tiie^ phase-angle di^lace- 
mait between lie two system Voltages. For phase 
angles exceeding 60 deg., levm: 22 is resting against stop, 
post 6. The amount of damping in dashpot 12 is 
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small, and for this reason the position of loM?p contact spring, and for this reason the angular movement of 
B will be dependent only upon the instantaneoTis phase- lever 3 is proportional to the pull of dashpot 4; further- 
angle displacement and will not depend upon the rate more, proportional to the velocity of travel of plunger 4, 
of change of the phase-angle displacement; i. e., the and consequently proportional to the instantaneous 
•instantaneous frequency difference. How this per- frequency difference between ^e two systems to be 
formance is obtained through the interaction between paralleled. For this reason, when the phase displace- 
the two coils 11 and 14 is outlined in the imabridged ment vector parses through the zero point, upper 
paper. * contacts A and B will have assumed a position in 

The other lever system operates mechanically, inde- relation to their highest position which will be pro- 
pendent of the above described lever system, and con- portional to the instantaneous frequencj difference, 
sists of two lever assemblies coimected by means of an Consequently, when the frequency difference is zero, 
air dashpot 4. Lever 3, supported by fulcrum 23, is contacts B will dose at the point of za’o phase dis- 
balanced by means of spring 1 and counterweight 24 to placement. For any definite frequency difference, the » 
barely touch stop post 2, Upper contacts A and B contacts will close at a point in advance of sjmchronism, » 
are mounted on lever 3. LeArW 17 is supported by the amount of advance being proportional to the 
fulcrum 18, and balanced by means of springs 7 and 8 instantaneous frequency difference, 
against the pull exerted by coil 14 on core 15. Core By adjusting the amount of damping in dashpot 4, 

15 and right-hand tide of lever 17 will be in the lowest the synchronizer can be adjusted to energize the closing 
position when the phase displacement angle between relay of any circuit breaker connecting two systems to 
the two system voltages is 130 deg. If the angle is be ssmchronized at such a point in advance of synchro- 
* reduced core 16 will travel upwards and tend to assume nism, that, allowing for the time element of the breaks, 
a position in relation to its highest position proportional the breaker contacts will close at the point of zero phase* 
to the phase angle displacement. The movement of displacement, assuming that the closing time of the 
lever 17 is damped by means of dashpots 4 and 13. breaker is practically constant, and further assuming 
Due to this damping the position of core 15 and conse- that the frequraicy difference does not change during 
quently also lever 17 will be lagging, if a frequency tiie short time required to close the circuit breaker, 
difference is present, in relation to the position lever 17 The XY-11 synchronizer is arranged so that the 
would assume if the frequency difference were zero, breaker will be closed if the frequency difference during 
The amoimt of lag when the phase displacement is the last 90 deg. of the phase rotation does not exceed 
decreased from 130 degrees towajids zero will be pro- the selected lockout frequency difference, while the 
portional to the frequency difference and the effect of XY-12 synchronizer will connect the breaker and 
this is to reduce the aflablitiide of travel of core 15 and s 3 mchronize the two systems if the frequency difference 
its connected lever 17 by an amorat which for low at a point 36 deg. ahead of synchronism is lower than 
values of frequency difference will lie proportional to tiie selected lockout frequ^cy difference. Thus it 
the frequen<gr difference. Consequently contacts C may be se^ that tiie XY-12 synchronizer is espe- 
and F, which may be adjusted t^close at 30-deg. phase cially well adapted for application with very erratic 
displacement if the frequencgr difference is zero, will frequencies. 

dose at a point nearer to z^c? phase displacement if Lower contact A is a stationary contact mounted on 
the frequency difference is increased, and ior a certain the base of the synchronizer. For a definite setting 
definite frequency difference contacts F and C will not of lower contact A there is a definite frequency differ- 
close during one revolution of the phase displacement ence above whidi contacts A will engage during one 
vector. rotation of the phase displacement vector. This 

Whffli the phase displacement between the two feature is used in the lockout scheme for the XY-11 
system voltages is decreasing, core 15, as previously s 3 mchronizer as shown in Fig. 2 which is arranged so 
mentioned, will travel upwards with a velocity pro- that whenever contacts A have been engaged it is 
portional to the instantaneous frequency difference so necessary for the phase angle to once exceed 100 deg. 
long as the frequency difference is comparatively low; before the synchronizer again will be able to close the 
i. e., of .an order of timee cycles or less. Since the paralleling breaker. 

plunger of "dashpot 4 is connected to lever 17 the • Assuming that the proper connections to the two ^ 
velocity of the downward movement of the plxmger • systems have been made, and that the master rday 
will be proportional to the instantaneous frequen<^ coimecting fhe synchronizer to the control drcuits 
difference. When plunger ,4 is being moved down- dose when a frequency difference of five cydes exists 
wards, tiie dashpot 4 will exert a certain downward be^een the two systems, none of the relays, Ti, Ts, Tj, 
pull on the left-hand side of lever 3, and consequently wiU he ^ergized because lever 17, due to the damping 
lever 8 will rotate counter dockwise until the pulkof effect of dashpots 4 and 13, will never come, into a 
dashpot 4 is balanced by the increasing tension on position to dose contacts D. When the frequency 
spring 1. .The pull of dashpot 4 on lever 3 is proper- difference is reduced to approximatdy 3 cydes, con- 
*tionaltotiievelodtyoftravdofplunger4. Theexten- tacts D’jnU engage, dosing relay Ti which will seal 
sion of spring 1 is proportional to the tension of the. itSelf in. Nothing further happens until thefrequ^cy 
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difference is reduced to )/2 cyde. At this frequency 
difference, contacts G engage at approximately zero 
phase displacement and relay Ti is closed and sealed 
in. At a point 260 deg. ahead of synchronism, contacts 
E will close and relay will be energized and sealed in. 

Supposing now the frequency difference is lowered to 
V? cycle and that contact A has been adjusted just not 
to close at this frequen<w difference, then the breaker 
closing relay will be energized at the proper phase 
advance when contacts B engage, and the breaker main 
contacts will engage at the point of zero phase displace¬ 
ment. If, however, the frequency difference should 
happen to increase above Vt cycle, tiien contacts A 
will engage before contacts B close, rdays Tj and T 3 
will be shunted” by contacts A and opened, and in this 
manner synchronizing is prevented. o 

The schematic diagram of connections for the t 3 q)e 
XY-12 synchronizer is shown in Fig. 3. For frequency 
differences below three cycles, contacts D will close at 
some point 100 to 180 deg. out of phase, and energize 
rday Ti, which seals itself in through the back contacts 
"of relay Tj. As long as the frequency difference is 
above the selected lockout frequency difference, contacts 
B wiU dose before contacts C close, and relay will 
be closed, thus opening relay Ti. Contacts E which 
dose simultaneoudy with contacts D are connected to 
shunt the rday T 2 to be sure that relay Ti will open 
once during each phase rotation. If the instantaneous 
frequency difference at a point 36 degrees ahead of 
synchronism is lower tiian tie sleeted lockout frequency 
difference, relays Ti and Ti will be dosed, provided 
rday Ti has ah*eady been dosed; hence the breaker 
dosing relay will be energized and the breaker will be 
dosed. The operating sequence tmder these conditions 
is: Contacts D close approximately 260 deg. ahead of 
synchronism, and close relay Ti which seals itself in 
across the back contacts of relay Ti. At a point within 
60-deg. phase displacement, dependent upon the fre¬ 
quency difference, contacts C dose and operate relay 
Ti which seals itself in, while one pair of the contacts 
of Ti parallels the Ti back contacts in series witii relay 
T]. When the phase displacement is fui'ther reduced, 
contacts B dose at the proper phase advance propor¬ 
tional to the instantaneous frequency difference, and 
energize relay Ti which completes the dosing drcuit 
of the breaker closing relay so that the breaker will 
close and s 3 mchronize tiie two systems. * 

In Figs. 2 and 3 is shown an external relay marked 
C V. This relay is applied in addition to the synchro-, 
nizer when the apparatus is used in applications where * 
the breaker is not always the first tie between the 
two systems to be s 3 mchronized. When the breaker 
is not the first tie, the frequency difference between the 
two sides of the br^er is zero, and hence no ^ase 
rotation will obtain. ThI tdephone relays of the 
simchronizer would therefore not become energized if 
the external C V relay were hot applied. This rday 
has a time delay and is energized through the contacts 


of rday ^Ti which is closed whenever contacts F are 
dosed. Contacts F are adjusted to (dose within 15 
deg. phase angle displacement, and the C V rday will 
therefore dose its contacts if the phase angle displace¬ 
ment remains within the 15 deg. limit for a time inter¬ 
val exceeding the time delay of the relay. 

COMPARATTVB TBSTfS BBTWBBN HAND SYNCHRONIZING 

AND Automatic Synchronizing 
A series of tests was made with the XY-11 t 3 q)e syn- 



Direct Cnnent Ooirtrol Source 




Fig. 3—Diagram of Connections and Schematic Diagram 
FOR Automatic Synchronizer Type XY-12 

chronizer to determine the performance of the synchro¬ 
nizer and compare it with’the performance of a skilled 
operator. A 3000-kv-a., 25-cycle, hand-regulated three- 
phase motor-generator set was arranged to be synchro¬ 
nized wifii a, 26-cycle test circuit. A quick operating 
rday (dosing time 0.009 sec.) wm used as a closing 
indicating relay and was connected so that it would, 
operate when the main contacts of the circuit breaker 
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engaged. This relay was held in the hand of one of the 
men conducting the tests, and the position ot the syn¬ 
chronoscope pointer was read by him at the instant he 
felt the indicating relay operating. 

• The result of the tests is shown in Fig. 4, which 
gives the percentage of the total number of op^ations 
for which the circuit breaker contacts would close at a 
certain voltage phase displacement? 

The results for manual operation show that an opera¬ 
tor is liable to close the circuit breaker too late. This 
would be even more the case for applications with 
erratic frequency; ^nd for such applications, the com¬ 
parison between automatic ssmchronizing and hand 
synchronizing woxild be *%till more favorable for the 



PiQ. 4 —^Results oe Comparative Tests 


automatic s 3 mchronizer. EVom Hg. 4 may be seen 
that the automatic synchronizer would never close the 
breaker nnain contacts at a wider angle than 9 deg., 
while the operator happMied to doge the breaker 20 
deg. late. 

* Field Tests 

Through the couitesy of Kentucky Hydro Electric 
Company a ^ies of tests we^^nuwfe with the two auto¬ 
matic synchronizer types XY-11 and XY-12 at the 
hydroelectric generating station at Dam ^o. 7, Ken¬ 
tucky River. This st&tion is equipped with three 
generators, driven by propeller type water wheels 
rated iOOO hp., 160 rev. per min. at 15 ft. normal water 
head. The generator rating for each unit is 850 kv-a. 
at 80 per cent p. f., 60 cycles, 160 rev. per min. The 
inertia of the units is low and due to the inherent char¬ 
acteristic of the hydraulic equipment, t^e frequency 
of the generator to be S3mchronized is very erratic in 
spite of the excellent condition of the installed governor 
equipment. The automatic switching equipment of 
the station was arranged so that any one of the three 
generating units could be started up by a pudi-button on 
the switchboard or by means'of supervisory equipment 
controlled from a distant dispatdier office. After a 
unit had been started up, the automatic synqhroni^ 
was given control when the speed of the generator was 
high enough to allow the generator voltage to build? up 
40 normal. The time interval from the moment when 
a unit was started until the ssmchronizer was given 


• 

control was practically constant for each individual 
unit, but showed some variations for the three different 
units due to the various adjustments of the time delay 
of the voltage relays coimected to give the s 3 mchronizer 
control. With the XY-11 ssmchronizer in service, 19 
different synchronizing operations were made, while 
25 different synchronizing operations were made with 
the XY-12 s 3 rnchronizer in service. By means of a 
stop watch the total synchronizing time, from the 
start of a unit until breaker closure was measured. 
With the type XY-11 sjmchronizer in service the aver¬ 
age time required to synchronize a machine was 91.5 
sec.; the minimum time was 45 sec., and the maxi¬ 
mum time 240 sec. With the XY-12 ssmchronizer in 
service, the average s 3 mchronizing time was 68 sec., 
the minimum time 45 sec., and the maximum time 140 
sec. It should be noted that the time required to 
bring the machines up to synchronous speed, approxi¬ 
mately 40 sec., are included in above time intervals. 
During the tests the machine frequency was very 
erratic; in fact, the synchronoscope pointer was never 
seen to rotate at uniform speed for one full revolution,* 
and the frequency difference seldom remained within 
the selected lockout limit (1/5 cycle) for more than 
10 sec. Due, however, to the proportional advance 
incorporated in the synchronizer models, the s 3 mchro- 
nizer would never close the breaker farther off s 3 mchro. 
nism than 15 deg. The avwage closing point fqr Jhe 
XY-11 synchronizer was found to be at 2.9 deg. phase 
displacement, and th v" «'>• osing point for tBe 
XY-12 synchronizer was found to be at 4.8 deg. phase 
displacement. 

The type XY-12 synchronizer was permanently 
installed in this station, and synchronizing tests were 
made with {he installed equipment to determine the 
time required to synchroni 2 ;p the whole station to the 
line. During the tests the push-buttons of all three 
units "were pressed simultaneously. Unit No. 1 would 
then start up. As soon as unit No. 1 reached normal 
voltage the synchronizer would be connected and the 
machine synchronized properly with the line. Units 
Nos. 2 and 3 would then start up simultaneously, and 
unit No. 2 was synchronized when the proper synchro¬ 
nizing conditions obtained. When unit No. 2 went on 
the line, the synchronizer was switched over to unit 
No. 3 which would be synchronized. During 7 different 
tests it was found that the type XY-12 synchronizer 
would connect all three generating units to the line in 
an average time of 159 sec., while the maximum syn-« 
•chi'onizing time was found to be 194 sec., and the 
mini mum s 3 ^chronizing time 119 sec. It should be 
noted that these d&ta cover tiie time required to bring 
all three units up from zero speed to normal speed and 
to synchronize each unit individually with the line. 
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Contact Wire Wear on Electnc Railroads’ 

BY I. T. lANDHY’ 
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c 

Synopsis^—It is the purpose of this paper to present such data on all have a bearing on the rate of wear, the relative importance of each 
the subject of contact wire war as the electric operation of four of these factors being a moot gueslion. The four xailroadscontribtit- 
railroads has made available. Design of overhead system and ing are the New York, New Haven and Hartfwd, the Chic^o, 
pantographs, lubrication of pantograph shoes, presence of steam Milwaukee, St. Paul and Pacific, the Pennsylvania, and the Illinois 
locomotives under catenary, ice on contact wire, condition of roadbed. Central. 

speed of trains, and amount of current collected at pantograph shoe » * ♦ » » 


General Description 

HE New Haven’s initial electrification in 1907, of 
approximately 21 route mi. of four tracks from 
Woodlawn, N. Y. to Stamford, Conn, was ex¬ 
tended in 1914 from Stamford to New Haven,-Conn., 
with about 39 route mi. of four tracks. 

High-speed suburban and through passenger, and 
heavy freight traffic in the electrified zone are supplied 
with 11,000-volt, ''25-cycle, single-phase, a-c. power. 
Speeds up to 70 mi. per hourareattained,themaximum 
~ weight of a train being 3800 tons. In addition, there 
is still a number of steam trains opiated, these being 
mostly heavy-tonnage freight trains. A considerable 
steam traffic was operated in the electrified zoneinitially, 
but since, has been supplanted almost entirely by elec¬ 
tric except for that mentioned above. 

The contact wire, which is 4-0 grooved of 40 per cent 
conductivity bronze, normally varies from 16 to 22 ft. 
above top of rail, the gradient at points of change 
avCTaging about 1 per cent. It is supported from an 
fiuxiliary 4-0 grooved copper wire at 10-ft. intervals by 
malleable iron or bronze clips. The contact wire ten¬ 
sion varies between 100 lb. and 3800 lb. depending upon 
the temperature. 

The pantograph shoes are of pressed steel, those for 
the larger locomotives of No. 11U. S. gage, and for the 
multiple-unit equipment and smaller locomotives, of 
No. 14 B. W. G. Normal pantograph pressure on 
the wire is about 18 lb., increasing to about 26 lb. when 
the pantograph is traveling down, and decreasing to 
about 10 Ib. when traveling up. Although lubrication 
was attempted for a time, the shoes are normally not 
lubricated. The normal maximum current collected 
is about 200 amperes per pantograph shoe. 

Each unit of motive power used in road service carries 
two pantographs, altiiou^ normally but one is used 
at a time. A considerable number of both passenger 
^ -and freight trains is double headed, which involves 

1. This paper was written in oollaboratiqn with Sidney 

Withington, Electrical Engineer, N. Y., N. H. & H. B. B., B. 
Beeuwkes, Electrical Engineer, C. M. St. P. & P. B. B., J. V. B. 
Duer, Electrical Engineer, Pennsylvania B. B., and W. M. 
Vandersluis, Electrical Engineer, 1.0. B. B. „ 

2. Asst. Engineer, Blinois O^tral Railroad, Chicago, HI. 

Presented at Summer Convention of the A. I. E. M., Swampseott, 

Mass., June S4--S8,19S9. PrirUed complete herein 


two pantograph passes for each jfiovement of such 
trains. Multiple-unit trains are normally made up with 
a ratio of one motor car to each two trailers. An 
average of 25,000 pantograph passes per year per track 
has been assumed. 

The Milwaukee began electrical operation in 1915 of 
441 route mi. of line, between Harlowton, Mont, and 
Avery, Idaho, and in 1919 of an additional 218 route 
mi. between Othello and Seattle-Tacomain Washington. 

The services operated electrically are through pas¬ 
senger and freight. D-c. power at 3000 volts is supplied 
the locomotives, about ten pw cent of that supplied 
being returned through regenerative braking. 

A J4-in. Siemens-Martin steel messenger .supports 
two parallel 4-0 grooved copper contact wires by means 
of loop hangers alternately clipped to one and then the 
other. The height of contact wire above top of rail 
varies from 17 ft. to 24 ft. 2 in. 

Each pantograpl^ consists of two independent steel 
shoes with hard-rolled copper contact strips. The 
strips on each shoe are separated to provide trough 
between them for the lubricant. The pantograph 
pressure on the contact wire is 30 lb., making the pres¬ 
sure per shoe equal to 15 lb. , 

The Pennsylvania’s suburban secvice between Phila¬ 
delphia and Paoli, ^out 20 route mi., was electri¬ 
fied in 1915, and betw^ Philadelphia and Chestnut • 
Hill, about J.2 route mi., in 1918. 

The inclined catenary typ^of construction in use 
between Philadelphia and Paoli consists of a 34-in. steel 
messenger® supporting a 1-0 round copper auxiliary 
messenger at 30-ft. intervals, the 3-0 grooved phono- 
electric contact wire being suspended from the auxiliary 
messenger by clips spac^ at 15-ft. intervals, staggered 
with respect to the hangers. The construction in use 
between PhfladelpHia and Chestnut Hill is similar to 
the above except that the auxiliary messenger is a 
2-0 grooved copper wire. Normal contact wire hdght 
is 22 ft. above top of rail, the gradients down to lower 
heights varying between 0.12 and 1.2 per cent. 

These electrified tracks are used principally by 
multiple-unit suburban trains, a relativdy small 

Approximately 40 mi. of the steel messenger has been 
replaced by 5^;^. high-tension bronze cable, due to the corrosion 
of the former by locomotive gases. * 
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electric locomotive mileage being made for experi¬ 
mental purposes, also. Steam locomotives*are used, 
in the electrified territory, too. A-c. power is supplied 
at 11,000 volts, the multiple-unit cars drawing normally 
a current of 20 amperes with a maximum of 80 am¬ 
peres during afeceleration. The schedule speed of these 
trains is high and the station stops are relatively close 
together so that maximum speeds’well up toward 60 
mi. per hr. must be attained. 

The pantograph, the shoes of which are of mild steel, 
have been designed for as low an inertia as possible. 
Normal pressure’gainst the contact wire is 18 lb. 

The Illinois Central, in 1926, electrified its suburban 
sfflvice between its Chicajgo terminal and Matteson, 
Ill., Blue Island, Ill., and South Chicago, a total of 
approximately 39 route mi. 

The catenary, except for yards, sidings, and cross¬ 
overs, consists of a 0.81-in. composite coppo’-copperweld 
messenger cable supporting, at 15-ft. intervals, a 
%-in. auxiliary messenger cablewhich in turn supports 
•two 4-0 grooved copper contact wires. These are in 
the same horizontal plane, each wire being clipped to the 
auxiliary messenger at 15-ft. intervals, Hie clips being 
staggered with respect to the hangers an4 clipped to 
first one and then the other contact wire. In the 
denser traffic zone, north of the jimction with the 
.South Chicago branch at 67th Street, two 3-0, 80 
per cent conductivity, grooved cadmium-bronze con¬ 
tact wires are used, each wire suspended at 20-ft. 
intfflwals from a auxiliary fliessenger cable, the 

main messenger being the same. The yard catenary is 
composed of a 4-0 grooved copper contact wire sus¬ 
pended by rigid hangers from a 5^-in. phono-electric 
bronze messenger. Normal contact* wire height is 22 
ft. with an allowable gradient of 1 per cent down to 
lower heights to cloar overhead obstructions, mini mum 
height being 16J^ ft. ^ **, 

D-c. power at 1500 volts.is eupplied the multiple- 
unit suburban trains which co&ist of from^two to eight 
cars. Speeds up to 65 mi. per hr. are attained in order 
to maintain a fast sclrSlule with fairly frequent stops. 
The accelerating current averages 770 amperes per 
pantograph, the normal running current being 200 
amperes. There is only a small amount of steam 
oporated traffic, (mostly switching), directly under fJie 
wires, but the through passengCT and freight tracks ^e 
adjacent to the suburban traeks»so that locomotive 
gases are more or less always present. 

The pantographs have, in general, galvanized sheet 
steel bodies faced on the contact surface with hard- 
rolled copper strips, but a few bodies are of aluminiuqi. 
The life of contact strips is approximately 10,000 mi. 
Normal pantograph pressure is 22 lb. All pantographs 
are lubricated, a trough between the contact strips 
holding the grease. ^ ♦ 

The multiple-unit«cars operate in pair?, one being a 
motor car,caiTying two pantographs, only one of Which 
* is normally in use, and the other a trailer. 


Discussion 

The design of the catenaiy system is important, aside 
fropi its functions of suppljnng a contact plane for the 
current collector and a distribution ss^stem for the 
powo’, in determining the rate of wear of the contact 
wire or wires. It will be noted •that in each of the four 
systems described special precaution has been taken to 
obtain flexibility in the contact plane. The line must 
be fiexible enough to insure intimate contact between 
wire and pantograph and yet not so fiexible as to permit 
the formation of a large wave ahead of the pantograph 
as it moves forward. The requisite flexibility can best 
be obtained by staggering the points of support of the 
contact wire with respect to the messenger, while at the 
same time damping out the rmwanted Jiarmonic wave 
ahead of the pantograph by means of as high a tension 
in the contact wire as it will permit. It will be readily 
seen that a wave propagated ahead of the pantograph 
has no serious effects as long as its rate of propagation, 
the speed of the pantograph, and the^mass of the contact 
plane remain of the same relative magnitude; but let 
any one of these factors change and the smooth passage^ 
of the pantograph under the contact wire is interrupted 
to the mutual detriment of both. Thus, it is always at 
those pull-offs where the free vertical movement of the 
wire is restricted and at such points as have a more- 
than-normal concentration of weight that accelerated 
contact wire wear is found. A large proportion of any 
contact-wire system wears slowly and imiformlyry^tit 
is the small proportion of plac^ where the wear <is 
accelerated that require replacement soonest. At gra¬ 
dients in the contact system the inertia of the pantograph 
causes a greater or lesser pressure on the wire, greater 
if moving down and lesser if moving up. At a certain 
pressure, which obviously should be the normal 
pressure, the wear will be a minimum, any 
great©" or lesser pressure resulting in increased wear; 
if greater, due to increased friction, and if lesser, due to 
increased burning caused by insufficient contact. 

Pantograph design resolves itself into a judicious 
composition of the following essentials: (1) sufficient 
current collecting surface; (2) light weight moving 
parts; (3) sufi&cient uniform upward pressure; and 
(4) freedom from friction in the bearings. The effect 
of tiie first will be taken up further on. The necessity 
of having all moving parts as light in wright as possible 
is apparent. All changes in grade of the contact wire 
require that the pantograph follow them, and, in order 
ijp minimize the wear, especially at the dta/nge in 
. grade, the inertia of the pantograph must be small. 
A sufficient uniform upward pressure must be present 
to permit of current collection without arcing. Friction 
in the pantograph bearings may be classed as additional 
iner|;ia since its effect is the same. 

It is probable that if the^ntact surface of the panto¬ 
graph were of some metal dissimilar to that in the 
■ contact wire a lower rate of wear of the latter would 
result, on the theory tiiat the coefficient of friction 
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between dissimilar metals is lower than that between 
similar metals. 

The question of lubricating the pantographs produces 
a diversity of'opinion. The New Haven and Pennsyl¬ 
vania do not lubricate, while the Milwaukee and 
Illinois Central do. The effect of lubrication per se 
will be taken up at length further on. • Just now it may 
be well to point out that the decision to lubricate or not 
is probably influenced by the presence under the wire 
of steam locomotives. The experience of the Milwaukee 
shows that locomotive smoke and the sand blown from 
the stack of oil-burning locomotives in sanding the fire- 
, tubes adheres to the grease film on the wire forming an 
.. actively abrasive surface. No doubt some gimilar 
action would be^present in localities where dust or sand 
storms are prevalent. On lines such as the New leaven’s 
and Pennsylvania’s whffl-e a considwable steam traffic 
passes directly beneath the contact wire, the presence 
of grease on the wire might increase the wear. 

Intrinsically, lubrication plays an important role in 
reducing wear. Extended measurements and observa- 
rions on the Milwaukee show that, on long tangents 
where the contact wire is in the middle of the panto- 
^aph the greater part of the time, the lubricant be¬ 
come depleted and wear is increased. On the other 
hand, on curves where the pantograph is wiped across 
the contact wire due to the chord type of catenary 
employed, the wear is less, the lubricant from the ends 
of the pantographs being distributed over the whole 
surface. A comparison of contact wire measurements 
shows that there is approximately 30 per cent more wear 
on tangent track than on curves. 

Further evidence of the effect of lubrication is found 
in tuimels. Here, where the wires are sheltered from 
sun, rain, dust, and frost, the wear is approximately 
one-half that on exposed tangent track. Other factors 
may contribute to this end, but that the sheltw of the 
tunnel is the dominant one is shown by the fact that 
where water, drips from fbe tunnel roof the wear is 
greater. The liifiited experience of the Illinois Central 
corroborates these observations. 

The presence of steam locomotives under the wires, 
aside from the abrasive deposits left by them, produces a 
certain corrosion, small though it may be, of the contact 
surface. Any pitting from this cause removes a gnrmil 
amount of the wire and leaves a roughened surface 
Which is abrasive to a degree. The total effect is 
probably insignificant. 

^ . Ice on the wires separates them from the pantograph; 
causing small arcs to be drawn. The pits formed by 
fhese arcs are substantially the same as thos'e mentioned 
in the preceding paragraph except that they are larger 
and hence more injurious. Accelerated wear is in 
progress at the pitted spots until they are worn smooth 
again. The kind of service operated is largely influeu- 
tial in determining the total effect of ice deposits on 
contact wire wear. With frequent suburban service 
providing less time for the deposits to form th§ effect is 


AR ON ELECTRIC RAILROADS’ Journal A. I. E. E. , 

• # 

probably of small moment, especially, as on the Illinois 
Central, Whmi there is danger of the formation of sleet 
all pantographs are raised. With a relatively small 
mmiber of pantograph passes a day as on the Milwaukee, 
particularly when the toritory served is subject to more* 
or less frequent sleet storms, the wear’occasioned by 
such deposits is important; It may be said, then, that 
the burning, and thferefore the wear, due to ice on the 
wire is less per pantograph pass where the frequency 
of the passes tends to keep tbe surface of the wire dear. 

The condition of the roadbed affec^ the riding quali¬ 
ties of the ears, which in turn affect the pantographs 
earned by them. A sudden drop due to a low rail 
joint or frog point may cause* the pantograph to leave 
the wire momentarily, riravring an arc, and producing 



HUNDREDS OF THOUSANDS OF PANTOGRAPH PA^ES 


Fio. 1 . 

• 

A-B « 4-i^n O. M. St. P. & P. R. R, 

A-C * ^-0 on€. 0. R. R. • 

A-D » 4>-0 t>n 1^. y. N. H. & H. R. R. • 

E^F - 3-0 on I. O. R. R. 

• R-G « 3-0 on Pennsylvania R. R. 

excess wear at the point where thfe pantograph resumes 
contact with’ the wire. The net effect may be said to be 
the sum of the effects of a change in gradient ^f the 
contact wire and the arcing caused by sleet. The wear 
due to. this cause will probably be noticed most in the 
vrinter time When the roaHbed is frozen and is difficult 
to resurface, particularly as at this season the panto¬ 
graphs are required to handle an additional electrical 
load due to the heater current being drawn.* 

* The experience of the New Havmi has been that 
generally the higher the speed of the train, the less the 
wear of the contact wire., This is borne out by the 
experience of the Illinois Central in a territory where 
four tracks carry high-speed express and special t^ns 
an(htwo tracks relatively low-speed local trains. 

The effect bn contact vrire wear of the amount of 
current collected is not so well known. The general 
impression is that as far as the effect of current alone * 
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is concerned, the greater th*e amount of current, the 
greater the wear. Actually, it is difficult to dfetennine 
the facts from-experience because of the obscuring 
effects of other factors. 

, In the curves shown in Fig. 1 are given the relations 
between the vertical diameter of the contact wire and 
the number of pantograph passes. The curve for the 
New Haven takes into account all measurements made; 
that for the Milwaukee those measurements which 
represent maximum wear on the main line; that for the 
Pennsylvania, only those measurements at pieces most 
susceptible to weaf and those for the Illinois Central 
all measurements. 

In conclusion, then, for the purpose of minimizing 


contact wire wear it is necessary that the contact wire 
system be flexible, have little or no concentrated weight, 
and have gradual transitions from one height to another; 
that the pantographs be light, free moving, and actuated 
by sufficient pressure to insure good contact with the 
wire; that the question of lubritating pantographs be 
decided after considering such other factors as the 
presence or absence near the wire of abrasives which 
might adhere,to the lubricating film; and that the con¬ 
dition of the roadbed be taken into consideration. Ice 
on the wires is abrasive and difficult to combat success¬ 
fully. The speeds of trains and amounts of current 
collected are variables at best and probably do not 
affect the rate of wear appreciably. 


Induction Motor Operation With Non-Sinusoidal 


. Impressed 

BY L. A. DOGGETT* 

Memtier, A. I. S, B. 

Synopsis.—The usual •procedure in considering the operation 
of induction motors has been to neglect the effect of harmonics. 
Although in most instances this gives results which are sufficiently 
accuratey the question of how m'uch these effects are or how much is 
being neglected has yet to be answered in electrical engineering 
literature. In this paper an attempt is made to answ&r this question. 

It is also devoted largely to a statement of results with only such ex- 
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planation as space permits. The conclusions are that, with har¬ 
monics of 10 per cent or less, the harmonics produce an insignificant 
effect, for all types of induction motors and for aU conditions of 
operation, except for the no-load condition. In this case, significant 
but not serious increases of PX occur. Also lightly loaded in¬ 
duction motors may be counted on to smooth out the imptre^ed 
electromotive force wave. 


T here are two typhs of harmonics that may be 
present in induction motor operation, (a) time 
harmonies introduced by the impressed e. m. f. 
and (b) space harmonics introduced by the counter 
e. m. f. of the motor# The objec^f study in this paper 
is the formeiwts^e of hannoni<^, • 

• In order to visualize what hqpPens in the case where 
the impressed e. m. f. contains one harmonic, it is 
convenient to think of an induction motor as consisting 
of two motors identical mth the motor imder considera¬ 
tion, with shafts connected and drawing power, one 
from the fimdamental e. m. f. source and the other from 
the harmonic e. m. f. source. The reactance of the 
harmonic motor will be n times that of the fundamental 
motor; where n is the order of the harmonic. The 
resistance of the harmonic motor ds indidhted by our 
tests will be greater than that of the fimdamental 
motor, althdhgh not n times as great. One author* 
claims the resistance of the harmonic motor to be the 
same as that of the fundamental motor. When this 
pair of motors is opiating under any ordinary load, 
the slip is dose to zero per cent for the funda- 
1. Pennsylyania State Collie, State College, Pa. 

2. Arnold, Vol. 5, Part I, p. 194, Die Aaynchrmerf Wechdtt- 
atrbmmaechinen die JndvcHonmaschinen. * 

Presented at the Summer Convention of the A. I. E. E., StoSnp~ 
ecott, Mass,, Tune S4-S8,1989. Printed complete herein. 
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mental motor, while for the harmonic motor it is a very, 
large per cent, 133 per cent for the third harmonic 
in the two-phase motor, 120 per cent for the fifth 
harmonic in* the three-phase motor, and 85 6/7 per 
cent for the seventh harmonic in the three-pha^ motor. 

For example, if 1800 rev. per min. is synchronous speed 
for the two-phase fundamental motor, 3 X 1800 = 
6400 rev. per min. in the opposite direction" is synchro¬ 
nous speed for the third-harmonic machine. The slip 
is therefore 7200 rev. per min. or 7200/5400 X 100 = 

133 }i per cent. In the case of theseventh harmonic and 
the three-phase motor, 7 X 1800 = 12,600 rev. per min. 
in the same direction as synchronous speed, and the slip 
is therefore (12,600 — 1800) X 100 -i- 12,600 = 85 6/7 
per cent. When a pure sine wave is impressed on the 
mbtor, iOO per cent voltage is considered to be impressed 
on the motor of fundamental frequency and 0 per cent 
on the harmonic motor. When a non-sinusoidal voltage* , 
‘of 100 per cent effective value is impressed on the motor, 
if the harmonic be 25 per cent of the fundamental, the 
fundamental motor will have impressed on it a 97 
per cent voltage. Considering a given effective voltage, 
ihis Tpltage can be produced either by 100 per cent 
fimdamental and 0 harmonit or wi?h 100 -f- V 1 -f H* 
per cent fundamental and H X 100 -s- V 1 + H* 
per cent harmonic, where H is a fraction, 0.25 for ex- 
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ample in the above cited case. Thus, H X 100 t- 
y” 1 + pa" cent voltage will be im pressed on the 

harmonic motor and 100 -s- V1 + 
fundamental* motor. With non-sinusoidal operation, 
the fundamental machine will receive a decreased 
voltage and function ^ an ordinary induction motor 
functions with decreased voltage." The harmonic 
machine operating with a large slip will take currente, 
active and reactive watts, practically the same as if its 


Name plate data: 

A 5-ht)., three-phase, 60-cycle, 110-volt, 
ampere, 1150-rev. per min., squirrel-cage motor. 
Blocked test data: 

E per phase (WTS) = 14 volts, I = 26}^ amperes 
jB per phase (cold) = 0.227 

X ner nhase = 0.492 


rotor were blocked. The harmonic motor acts more , cAiy « • *1 

or less as a harmless parasite on the fundamental The tests .were mn at a yoltag, of st»Bc.ently 
Tvtnfni. r,ai‘4-iaaT> Vtairtinff TiAf iiiiiHfjriTiof the onfiTation of bclow rutcd voltage to allow the jnotor to be taken 


E per phase (WYE) = 14 volts, i = 26^ amperes 
jB per phase (cold) = 0.227 

X per phase ^ = 0.492 

Running light data: 

E line = 50)4 volts, I = 2.86 — j 3.14 = 4.22 
The tests .were run at a voltage of 50)4. sufficiently 


motor, neither helping nor hindering the operation of 
the fundamental motor to any considerable degree. 
Its braking effect is entirely negligible so long as the 
harmonics are kept below 10 per cent. Its main dis¬ 
advantage is that it prevents the fundamental motor 
from getting its full 100 per cent voltage and that it 
absorbs from the line a moderate amount of active and 
reactive power for which it does no good in return. 

Coming now to«practical operating conditions; the 
outstanding fact is that with a 10 per cent harmonic, the 
dargest harmonic allowable b y the A. I . E. E. Standards 
Rules, the quantity 100 4 - V1 + H* becomes 99.5 per 
cent, only half of one per cent loss in voltage impressed 
on the fundamental motor. Therefore the fundamental 
motor will have no more than a one per caat decrease 
in torque and horsepower. With a 10 per cent har¬ 
monic, the active and reactive watts takai by the 
harmonic motor are a small percentage of the total 
active and reactive watts for all conditions of operation 
except light loads.. The braking or accelerating torque 
of the harmonic motor is a small fraction of one per 
cent of the fimdamental motor torque. 

Analytical Treatment • 

As suggested in the introduction, it is helpful to 
replace the motor under consideration by two motors, 
shaftrconnected, and each identical with the original 
motor. Each of these motors will have its own equiva¬ 
lent circuit and its proper impressed electromotive 
force. Solutions of these two drcuits may then be 
made separately and the results combined. By apply¬ 
ing this method the operation of any induction motor 
for any condition may be predicted. Such calculations 
were made by the authors for a number of motors and a 
variety of operating conditions. These calculations are 
tedious and space does not permit their reproduction 
here. The conclusions from these calculations are that 
so long as harmonics are kept below 10 per cent, th,e 
departure of the motor from normal performance is 
quite negligible except for light loads. ‘The case of 
light load is treated in a later section.* 

In order to establish the validity of this method of 
calculation, a complete test was run on a small squjrrel- 
cage motor for both sinusoidal and non-sinusoidal 
operation. Fig. 1* shows curves of horsepower, effi- 
dfflicy, power factor, current and slip plotted against 
torque. The constants of tiie motor Mow: 


through its complete characteristics. To obtain these 
complete characteristics, th§*following arrangement of 
apparatus was used: A d-c. motor drove a harmonic 
alternator,’ which supplied the induction motor under 
test. Shaft-connected to the induction motor was an 
electrodynamometer which pumped power to another 



Fig. 1—Test Results op Motor Oper/h*ed on Sinusoidal 
AND Non-SinusoidAL Voltw^ges 

The ftill lines show operation on sinusoidal •voltages; the dotted lines 
non-sinusoidal operation ^ 

• • • 

• • • 
d-c. machine driven by* a synchronous motor. The 
harmonic attemator’s speed was maintained at 1234 
rev. per min. The actual percdhtage of the fifth har¬ 
monic impressed on theinductionmotorwasmeasured by 
tiie“wave-shapemeter"’andwasfoundtobe 57 percent. 

It was foimd also that when calculations were made 

using the equations for the accurate equivalent circuit 

of the induction motoi*, very good agreement was 

had in the <^e of ±he speed-torque and horsepower- 

torque curves and fair agreement for the other three 

curves. Since beyond the breakdown point the cxurents 

are excessive and the values of primary and secondary 

resistance are uncertain because of heating, only a 

moderate agre^nent between observed and calculated 

values was obtained. For those who might care to 

check these calculations, the following circuit constants 

ar% supplied: Ri (hot) = 0.18; Ba (hot) = 0.14; Xi 

= Xi = 0.25; gfo = 0.098; 60 = 0J.076, volts per phase 
-•- 

3, A New Wave Shape Factor and Meter. Doggett, Heim, 
aaid White, A, I. B. B. Trans., Vol. 45,1926, pp. 435-442. * 
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DOGQBTT AND QUEER: INDUCTION MOTOR OPERATION 


= 29.12. When operating jnth the 57 per edit fifth 
harmonic, the voltage of the fundamentol reduces to 

25.3 volts, while the fifth harmonic voltage becomes 

14.4 volts. 

While such calculations cannot be reproduced here, 
rt may be desirable to give just two simple calculations 
as follows: 

The maximum torque, fundamental test 

3X2 1 

= o -^( 29 . 12 )**-. 

2 T 61.7 2 (0.13 + V0.13* + 0.5*) 

. X 0.737 - 7.5^b-ft. 

The maximum torque, non-sinusoidal test 

- 7.5 X ^ 29.12 } “ 5.-681b-ft. 

The above calculations are not based on the exact 
equivalent circuit and are only moderately dose. 

Although complete calculations have not been in¬ 
cluded, they provide the basis for the following discus¬ 
sion of the curves of Fig. 1. 

SUp-Torqm Curves. When the fifth harmonic is 
present, the fundamental must be reduced, in this ease 
from 29.12 to 25.3 volts. As illustrated by the ca,l- 
culation, .this reduces the torque in the ratio of the square 
of the voltages. The reduction due to the counter 
torque of the fifth harmonic is quite* small, only about 
one-third of a pound-foot at breakdown. Neglecting 
this, it may be said that the motor acts as if operating 
simply with a reduced fundamental voltage. 



„ Normal ^ 

10 20 30 40 soNoLoadl^X 

: 200| HARMONIC TERMINAL VOLTAGE , VOLTS 

I ' 


operation for two reasons: (a) The reduction in funda¬ 
mental voltage calls for a larger current to give the same 
torque, (b) The fifth-harmonic current must be com¬ 
pounded with the fundamental current according to the 
law 

Iioitti = "!»• jfs* 

Efficiency-Torque Curves. For any assigned torque, 
the extra current will result in extra copper loss and 
therefore less efficiency. 

Power-Factor-Torque Curves. Foranyassigned torque. 



Normal 

i 0’ ' l^r“' ■’Si'* ' 41 q—'N o Load 

RFTH HARMONIC VOLTAGE IN ^ OF FUNDAMENTAL 

Fia. 2 —Test Results at Light Load 

Showing Incr^e in and P X with increase in harmonic voltage 

Horsepower-Torque Curves. These curves are corol¬ 
lary to the slip-torque curves, since 

2 T Torque (1 — S) 1234 
" 33,000 


Current-Torque Curves. Up to breakdpwn for any 
assigned torque the current with non-sinusoidal opera- 
•tion must be larger than the current with sinusoidal 


_ 10 15 20 25 30 

TOTAL INDUCTION MOTOR NO LOAD CURRENT 

Fig. 3—Curve Showing how Harmonic Voltage op Gen-* 
BRATOR Decreases with Increasing Induction-Motor Load 


a very considerable P X, due to /s* X^, will matmSlly 
increase the demand for reactive power and thus reduee 
the power factor. 

Light-Load Condition 

As has already been pointed out, an induction motor 
operating on light load with non-sinusoidal impressed 
voltages may be expected to show some considwable . 
departure from normal operation. In general, the 
no-load copper loss, I* K, and the no load P X will be 
very much increased. Calculations show that an 
average three-phase motor acted upon by an e. m. f. 
containing an eight per cent fifth harmonic, if its per¬ 
centage of reactancebeaslowas lOpercent, will have its 
no-load copper loss multiplied by three, and its no-load 
P X multiplied by seven. In a certain rather high- 
reactance motor, the normal no-load P R was 49 and 
the normal no-load P X was 119. Due to a 10 per cent 
fifth harmonic, the added P R was 33 and the added 
was 60. Repeated attempts to measure this 
added loss accuratdy proved failures, and the following 
^ t&t is submitted to illustrate the above claims without* • 
trying to citq an individual case of exact agreement 
between calculaticji and observation. 

In this rather unusual test, the stator of a woimd- 
rotor induction motor was connected to the funda- 
men&l terminals, while the rotor ij^as coimected to the 
fifth-harmonic terminals oS a harmonic alternator.* 

• On the stator was impressed normal voltage and normal 
frequency continuously, whilethefifth-harmonic voltage 
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was varied from zo-o to 50 volts. Although tests with 
both directions of phase rotation of the fifth harmonic 
were made, the fifth-harmonic current and power data 
were alike in the two cases. From this test and two 
supplementary blocked-rotor tests, sufficent data were 
obtained to plot the curves of Fig. 2, which show the 
P R and P X plotted as a functiop of the per cent 
harmonic. In this case, a 20 per cent fifth harmonic 
doubles the no-load P R and multiplies the no-load 
P X by seven. 

Although at no-load the added PX appears quite 
significant, it usually is small in comparison with the 
reactive power needed for the excitation of the motor. 
In this case, the excitation required some 1360 volt- 
amperes. * 

An induction motor supplied with non-si»usoidal 
e. m. fs. will take from the line some additional P X 
and P R. It will draw from the alternator harmonics 
of current which by internal drops will reduce the 
sources of non-sinusoidal e. m. fs. inherent in the 
alternator. Any alternator has a poorer regulation at 
*frequencies higher than normal. To all but the funda¬ 
mental frequency, the running induction motor acts 


practically as if blocked, i. e., slip in the neighborhood 
of one. Therefore, for harmonics like the fiftii and 
seventh, the induction motor at no-load will have a 
lower impedance than it has for the fimdamental. 
In such a case, the current per volt will^be largerforthfe 
harmonic than for the fundamental and with a sufiieiently 
large harmonic e. m. f. present, the harmonic current 
may exceed the fundamental current. The alternator, 
however, has a poor regulation when operated on a 
harmonic. Consequently, an alternator which shows a 
14 per cefiit fifth harmonic at no-loa4 will show a less 
per cent harmonic, (that is, 6 per cent), when operating 
unloaded induction motors, and this is illustrated by 
Fig. 3. In short, induction motors have some tendency 
to smooth out the e. ift. f. wave of the alternator which 
is supplying them. The results of this test were 
obtained by use of the wave-shape meter. 
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ANNUAL REPORT OF COMMITTEE ON RESEARCH* 


To the Board Directors: 

. It is now generally recognized that progress in science 
and industry depends largely on research. Electrical 
engineering in particular must trace practically all its 
advances to some form of research, whether it be pure 
or applied. Accordingly a. complete report on research 
in this art must necessarily involve practically all the 
developments in its various branches such as communi¬ 
cation, machinery, transmission, etc. Inasmuch as 
this is particul^ly material for the Institute committees 
involving these branches, an attempt is made in this 
report merely to mention the various research bodies 
and their work in general, and to list briefly the out¬ 
standing achievements in engineering and physical re¬ 
search during the past year. 

Considerable assistance was received from various 
members of the Research Committee in the preparation 
of this report, particularly Messrs. V. Bush, S. M. 
““Kintner, M. G. Lloyd, D. W. Roper, C. E. SkinneV, 
R. W. Sorensen, and J. B. Whitehead. .Several non-' 

*COHMITTEB OS RSSEAKCH: 

P, W, Peek, Ohalrman, 

H. D. Arnold, J, A. Johnson, D, W. Koper, 

Edward Bennett, 'V, KarapetolT. Clayton H. Sharp 

V. Bush, A. E. Kennelly, O. B. Sklimer. * 

E. H. Oolpitts, S. M. KJntniir, B. W. Sorensen, 

^ P. Davidson, G, Lloyd, T. S. Taylor, 

W. P. Dobson, Chester W. Bice, J. B, Whitehead, 

Presented at the Summer Convention of the A. 7. E. E., Swamp- 
scottf Mass, J June 24-B8,19^9, Printed complete herein. 


members provided valuable contributions, particularly 
Doctor W. F. G. Swann of the Bartol Foundatisn. 

Rbsbaech Organizations 

• 

The National Research Council has been very active 
in sponsoring research and its committee on Electrical 
Insulation has startqc^n.extensive program. At a two- 
day sympbsixun conducted in Baltimore last fall by 
this commlJjtee, papers were presented reporting the 
results of studies of the mecheyiism of cable deteriora¬ 
tion, the products of the breakdown of liquid dielectrics, 
the current wave form in dielectrics und^ high stress, 
the influence of air and moisture in impregnate<f paper 
insulation, short time absorption curves in composite 
insulation, the rdation of dielectric absorption and di¬ 
electric loss, anomalous Conduction in liquid insulation, 
gaseous ioiviaation in cables, and the breakdown of solid 
dielectrics. At a second symposium, conducted during 
the Washington meeting of the .^erican Physical 
Sodety, papers were presented on the mechanical and 
electrical strength of dielectric crystals, electrical 
convection in oil, effect temperature, pressure and 
frequaicy on rubber, influence of surface and space 
charges on the apparent conductivity of dielectrics, 
electron •bombardment of hydrocarbons, and the de¬ 
pendence of dielectric polarization upon molecular 
conSition. , 

The Bartol Research Foundation of the Franklin 
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Institute under Doctor Swann carried out a valuable re¬ 
search program during the past year. Among the im¬ 
portant subjects investigated were the following: 
phenomena in the electric arc, reflection of atoms on 
’crystals, ^cit^tion of atoms by electron impact, pos¬ 
sible influence of cosmic rays on radioactivity, produc¬ 
tion of X-rays- by protons, influence of a-c. fields on 
light transmission through water, corpuscular radiations 
of cosmic origin, energy, lost by electrons passing 
through thin foils, polarization of light produced by 
impact of cadmium atoms -with excited mercury atoms, 
photoelectric effect in thin films of po-tassium and 
sodium, and absorption pf cosmic radiation in air. A 
number of theoretical problems was considered mathe¬ 
matically such as the scattering of electrons by atoms, 
theory of Compton effect produced by standing elec¬ 
tromagnetic waves, possibility of detecting indmdual 
cosmic rays, relation between mass and energy, and 
ionization by an electron traveling with speed com- 
^ parable with that of light. 

Several noteworthy research accomplishments were 
made at the Bureau of Standards during the past year. 
The corona voltmeter was investigated, and a careful 
study made of the effects of pressure, temperature, and 
humidity on its accuracy. A redetermination of the 
absolute value of the international ohjn was carried out. 
Important work was done toward developing a suitable 
radio beacon for aircraft. An electrical seismometer 
also was devised which* is proving to be a very satisfac¬ 
tory instrument for recording earth movements. 

Electrical Engineering Research in the Colleges 

During the past year an a-c. calculating board was 
developed at the Massachusetts Institute of Technology 
for representing In miniature almost any power sj^em. 
The device offers a practical meaits of sol-ving easily the 
steady-state problems of current ^ind power division, 
S 3 ?stem voltage, load balafice,* power factor adjust¬ 
ment, and the -transient problems of both isymmetrical 
and uns 3 m!mietrical short circuits with attendant con¬ 
siderations of system stability. 

Important investigations in the colleges are being 
made of solid and liquid insulations, particularly as they 
relate to underground cables. Under the auspices of the 
National Electric light Association, the Association of 
Edison Illuminating Companies,,and t]ie American 
Institute of Electrical Engineers, a study of thermal 
characteristics and methods of measurement is being 
made at Massachusetts Institute of Technology, the 
effect of residual air and moisture at the Johns Hop¬ 
kins University, and ionization characteristics at Har¬ 
vard University. • 

Under the Utilities Research Commission (consisting 
of representatives of the Samuel Insull utilities) stu<Jjes 
of methods of detecting cable failures and of physical 
properties of lead sheaths are being made at the Uni¬ 
versity of Illinois, at Johns Hopkins University of the 
properties of. impregnated paper, and at the University 

• 


of Chicago of the fundamental significance of dielectric 
strength. 

A large part of the research sponsored by the National 
Research Council and the Engineering Foundation is 
being conducted in the college laboratories, particularly 
in the East and Middle West. 

Several of the college engineering laboratories on the 
Pacific Coast have been active in research problems 
during the past year. Some of the accomplishments of 
note were the study and analysis of Lichtenb^g figures 
at the University of Washin^n; the X-ray studies at 
the California Institute of Technology, usingthe million- 
volt transformer set for tube excitation; and the investi¬ 
gation and measurement of high-voltaj^e fiashovers at 
Stanford University, where 60-cycle fiashovers of gaps 
up to 86 ft. were made, the longest yet accomplished at 
commercial frequencies. 

Outstanding Research Accomplishments in 
Electrical Engine]§ring 

Considerable progress was made during the past year 
in the study of lightning on transmission lines. Muclv 
of this was made possible through the adaptation of the 
cathode ray oscfllograph for direct recording on pow^ 
lines. Lightning waves recorded in lines have been 
duplicated in the laboratory and their effects on trans¬ 
mission lines, insulators, insulation, transformers and 
protective apparatus studied at will. For malting 
these laboratory tests a lightning generator produ^g 
6,000,000 volts was constructed. Smaller portable 
lightning generators were also produced and used for 
putting surges at desired points on lines. 

By means of surge voltage recorders and klydond- 
graphs, distributed at intervals on several power sys¬ 
tems, valuable data also were obtained on the crest 
values, polarity, attenuation, and frequency of lightning 
surges on lines. 

As a result of lightning research, it is now possible to 
design transmission lines, and to coordinate the line 
and apparatus insulation so as to have power systems 
which are highly resistant to lightning. 

A well coordinated program in lightning research is 
being continued. A considerable part of the field work 
is being done on transmission lines in cooperation with 
operating engineers. 

A number of advances was made in transformer de¬ 
sign last year. Among these was the development of 
the non-resonating transformer. The object of this 
type is to cause a uniform voltage distribution tbroughi 
. out the winding under all frequences and lightning 
surges. 

Several improvements were made in switches and 
circuit breakers during tiie past year. One achieve- 
md| in this line was the development of the Deion 
circuit-breaker switch. limits primary application to 
practise it has been designed for use up to 15,000 volts, 
its operation making use of a series of ertremely short 
gaps in air. 

Jn the’field of electrical machinery numerous ad- 
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vances were made. Noteworthy among these was the 
successful development and operation of a 10,000-kw. 
mercury turbine, whose efficiency exceeded the pre¬ 
viously predicted values. The popularity of the 
high pressure txirbine also increased as may be witnessed 
by the fact that five n6w 1200-lb. units were designed 
during 1928. The development of hydrogen-cooling 
for reducing losses and increasing the capacities of 
generators and synchronous condensers made appreci¬ 
able strides. Units up to 20,000 kv-a. using this 
method of cooling were bmlt during the past year. The 
tendency to use higher generated volteges with large 
capacity units for certain classes of service continued. 
Several 22,000-volt generators were designed and in¬ 
stalled in this country, and one 33,000-volt unit was 
placed in operation in England, connection being made 
directly to an xmderground cable ss^tetn with n5 inter¬ 
vening transformer. 

Aviation profited appreciably from research develop¬ 
ments carried out ^st year in the Bureau of Standards 
and in the laboratories of the several larger industrial 
poncems. The principal advances consisted of addi¬ 
tional navigational aids for commercial aviation. Here 
ladio contributed principally in improving communica¬ 
tion, course navigation and fog landing. Better 
facilities for navigation and landing in the fog were 
added by the development of neon light beacons and 
markers. A method of depth-sounding in the air to 
enable aviators to determine their altitude was devised. 
The procedme consists in sending out radio waves from 
the airplane, which are refiected from the ground and 
received again by the plane. A magneto compass also 
was designed, weighing less than one-fifth of the present 
earfli-inductor compass. A means of accurately mea¬ 
suring the amount of gasoline was devised making 
use of electrical impulses transmitted from diaphragms 
located in the airplane tanks. 

Much work was carried out during the year in per¬ 
fecting and applying photodectric device to many 
uses, such as smoke detection and measurement, con¬ 
trol of illum^tion, operation of traffic devices, etc. 

Marked progress was made on the question of tele¬ 
vision and far greater use will undoubtedly be made of 
it in the near future. Appreciable advances were made 
in the speed and convenience of picture transmission, 
by both wire and wireless, during the year. 

The great increase in popularity of the talking moving 
pictures furnished added stimulus to research in tliat 
line so that considerable improvement is expected in 
this art. 

Decided progress was made in metallurgical work 
through the wider application of inductive heating, 
both in furnaces of the vacuum type and the non¬ 
vacuum type. 

.The increasing temperatures, pressures, and speeds 
of electrical machinery have made it necessary to give 
added study to the characteristics of metals under MgTi 


temperatures and mechanicfil stresses. Results of great 
value ha^fe been reported. 

Research in magnetic materials and magnetic phe¬ 
nomena was continued, and much was added to our 
understanding of these vital subjects. 

Laboratory devices for the analysis of. noise were de¬ 
veloped and studies made of the sources of noise in 
machinery, and its*elimination. 

Outstanding Research Accomplishments in 
PHYacs 

LififAt afid S‘pe(^osco'py. Michelgon, Pease, and 
Pearson, University of Chicago and Mount Wilson 
Observatory, have repeated the Michelson-Morley 
experiment and find no shift.fhat can be interpreted as 
arising from an ether»drift. This completely agrees 
with the original results obtained by Michelson and 
Morley and also seems to add strength to the relativity 
theory which was developed to explain the earlier 
experiments. (Trans. Optical Soc.) 

The Indian Physicist, Raman, has, shown that light 
scattered from many substances contains not only the' 
original frequencies of the incident light, but also the 
other frequencies differing from it by the natural fre- 
quendes of the scattering substance. This effect has 
been used by Raman and others to study the natural 
frequences of many substances as well as to extend 
further the laws of*scattering. 

Our knowledge of the structure of many diatomic 
molecules has been materially extended by the analysis 
of their band spectraiby Mulliken and others. 

McLennan and his students have continued their 
studies of tiie Aurora and have*definitely fixed the posi¬ 
tion of the unkno\TO auroral lines in the structure of the 
oxygen atom. (Proc. Royal Soc.) • 

Study of the band spectrum of oxygen by Babcock 
and Dieke of the Moimt Wilson Observatory and 
Giauque and Johnson o^ the University of California 
have shown the presence^of an isotope of atomic weight 
18. This heavier isotope is about one two-thousandth 
as plentiful as the isotope 16 gp its presence had not 
been detected by mass spectrogra})h methods. (Nature, 
March 2,1929.) 

Bowen, California Institute of Technology, has shown 
the presence of sulphur in the nebulae, by the identifica¬ 
tion of some more unidentified lines of the spectrum. 
(Nature, M^ch 23,1929.) 

J. W. DuhJond of‘California Institute of Technology 
has devdoped an experimental method based on the 
study of the spectral distribution of Compton modified 
radiation for determining the velocity distribution of 
b'oth bound and conduction electrons in metals and of 
electrons in non-metals, physical Rev., May, 1929.) 

Absolute measurements of X-ray wavelengths have 
be^ ma^e by means of an optical grating. By this 
means it is possible to get an independent detmnination 
of the charge on the electron. 

Coniudmty. Bridgman, of Harvard, continued the* 
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experiments on conductivity and thermodecstric effects 
in anisotropic.single-crystals of metal and showed that 
the electronic effects in metals follow the crystal- 
symmetry. (Nat. Academy of Science, Vol. 14, p. 943, 

• December, 1928.) 

Kapitza has made further experiments on variations 
of resistance of metals in very strong magnetic fields up 
to 300,000 gauss. Bismuth lost its conductivity. 
These experiments may explain much ^bout the con¬ 
ductivity of electricity in metals. (Proc. Royal Soc., 
Vol. 123, p. 292.). 

J. B. Johnson of*the Bell Telephone Laboratories has 
been able to detect and measure the random motions 
of the electrons in a wme due to their temperature 
energy. From these measurelkients it is possible to 
determine the value of Boltzmann’s gas constant. 
These results lend considerable support to the idea that 
the conduction electrons in a metal follow the laws of an 
electron gas. (Physical Rev., Vol. 32,1928.) 

Electronic Emission. R. A*. Millikan and C. C. 

' Lauritsen, California Institute of Technology, con¬ 
structed an apparatus, in which electrons were pulled 
from riie electrodes by strong electric fields. The elec¬ 
trons so extracted were of such high velocities as to be 
capable- of producing X-rays with wavelengths com¬ 
parable to cosmic radiation. 

DuBridge gave the first reliable’evidence that the 
photoelectric threshold has exactiy the same values as 
the thermionic work-function for the same metal. 
(Physical Rev., Vol. 32, p. 961.) • 

Cardwell riiowed qualitatively a change of the photo¬ 
electric* and thermioilid emission at tiie change of an 
allotropic modification of the cathode. 

A. Goetz, Califomia Institute of Technology, gave 
the experimental evidence that the photoelectric emis¬ 
sion and the threshold changes ^ the melting point and 
transition point of tin are sucli that the larger the atomic 
distance in the cathode the anqaller the work function of 
of the metal. This shows that the mechanisms of the 
photoelectric and the^nionic effects are of the same 
nature. (Physical Rev., Vol. 33, March, 1928, p. 373.) 

LuMrsky and Prilezaev succeeded for the first time 
in measuring the loss of energy of photoelectrons 
crossing the cathode towards the surface, thus showng 
that the photoelectric effect is not a pure surface effect, 
as has been generally considered. 

Work in Theoretical Physics. The so-called “prindple 
of uncertamt/’ stated by Heisenberg has gained general 
recognition as a fundamental. principle of physics. 
According to this principle, it is impossible to determine * 
at the same time &e position and velocity of a particle 
with absolute accuracy. .The product of the un¬ 
certainty in position and the uncertainty in velocity 
can never be less than Planck’s constant h. This is 
because the method of observation itself a^ects«tbe 
quantities to be medfeured. * 

The fundamentals of quotum mechanics liave 
ranained essentially imdianged, but many applications 


have been made. Heisenberg has given a striking 
theory of ferromagnetism based on the magnetic 
electron as the effective magnetic unit. ,The electrical 
resistance of a metal has been explained as due to the 
diffraction of the electron wa^es by the crystal lattice. 
Many of the other electrical properties of metals seem 
to find a satisfactory explanation on this basis. Neu¬ 
mann and Wigner have shown that all of the known 
qualitative rules for the analysis of spectra can be 
derived directly from the Schroedinger equation, and 
it has been possible to derive some quantitative relation¬ 
ships between spectral terms for spectra more complex 
than hydrogen. Rubinowicz has shown how the in- • 
tensities of forbidden transitions may be predicted, so • 
that from the appearance of such lin^ in the nebulae 
the physical state of the material may be inferred. 
Sonunrafeld has applied the quantum mechanics to 
explain the observed distribution of photo-electrons 
ejected from gases. 

The theory of relativity has reoeived ah important 
contribution from Einstein who has been able to give 
a unified treatinent of the gravitational equation and 
the electromagnetic equations. > 
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. Jime 17,1929. 

I think you have the finest service of its kind in the 
country and this despite the fact that several of them 
have been going for years brfore you started. I want 
to thank you most heartily for your interest in me. 

June 20, 1929. 

I wish to thank you for the courteous treatment 
which I have received at your hands and wish to assure 
you that I am more than satisfied with your service. 

April 25,1928. 

. Enclosed you will find my check for $90.00 (ninety 
dollars) corresponding to 1^ per cmt of my salary. I 
f onsider this a very good investment, and wish to thank 
you for the help you have given me in obtaining this 
position. 

* November 5,1928. 

I am sure that some valuable results will come from 
the effort which you are making in our behalf and I also 
believe that if the right man is* found through your 
Service, we can feel that we have thmed over to yotl a 
position worthy of one of the Engineering Society 
members^ 
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The Electrical Engineering .of Sound Picture 

Systems 


BY K. F. MORGAN! 

Associate, A. 1. £. E. 

Synopsis.—The paper describes the technique and apparatus 
of sound picture recording and reproduction, with emphasis on 
their electrical engineering aspects. 

The various steps in the processes of disk and film recording as 
they take place in the Western Electric systems are outlined, 
Micropho7i€ placements, sound insulation, monitoring and 
mixing, and the circuits for amplifying currents and dis- 
irihuiing them to recording machines are discussed. This is 


and T. E. SHEA» 

Associate, A. I, E. E. • 

followed by a descriptior^ of the disk and film recording machines. 
The changes which have been required in theater equipment to 
provide for the reproduction and projection of sound in synchronism 
with motion pictures are o utlined. 

Some of the4aboratory developments and studies out of which re- 
cording and reproduction methods have grpwn are given brief 
mention, 

* * ^ * 


T hat the development of sound recording and fepro- 
duetion should be closely related to that of the tele¬ 
phone is only natural since many of the funda¬ 
mental principles are similar. In that which follows the 
authors‘will have in mind principally the Western 
Electric systems of recording and reproduction. 

Sound Picture Recording 

♦ 

'The electrical recording of sound requires a method 
of transforming sound vibrations into electric currents; 
then the transmission, control, and amplification of 
these currents, and finally, a method of ch ang iTig the 
electrical energy into mechanical energy in order that a 
permanent record may be had on the recording medium 
either by modulated light on a sensitized film or the 
movement of a cutting stylus in soft wax. 

The essential pat*ts of a studio recording system 
consist of microphone pick-ups on the stage, a miTftr 
and volume control in the monitor room, system and 
monitor amplifiers, recording machine, and a syn- 
' chronous motor system for synchronizing the recorders 
witli the cameras. 

The recording stag^ are constructed in such amanner 
that external noises may be excluded. The walls and 
ceiling are usually covered with sound absorbing 
materials. 

The microphone, or microphones, must be placed in 
such positions as to pick up satisfactorily the speech or 
music occurring on the set. Often the location of the 
microphone is complicated by the construction of the 
set, ^d by the necessity of keying it out of the field 
of view of the camera. The microphone may be* 
mounted on a fioor stand, hung from the ceiling, or sus¬ 
pended from the end of along boom. The type of micro-, 
phone used is the condenser transmitter. It is essen- 
tially a cond enser in which one of the plates is h very thin, 

1. Electrical Beeearoli Products, Inc., Los Angoina CaJif. 

2. Bell Telephone Laboratories, Inc., New York, N. Y. 
Presented at the Pacific Coast Convention of the A. I E JS 
Santa Monica, Calif., Se>sl. SS,jm. Complete copies uvm 
regu^t. 


29-142.. 


stretched sheet of duralumin, which may be set in vi¬ 
bration by sound waves. Thereby, the capacity of the 
microphone is varied and an electromotive force is set 
up in the electrical circpjt to which the microphone is 
coimected. 

Various kinds of materials are used in the construc¬ 
tion of sets, although the general tendency is to use 
those materials which are sound absorbing. The sets 
may have two or three walls, very seldom being com¬ 
pletely closed. 

In order to eliminate camera and motor noise, camera 
booths constructed of sound proof material with a dear 
glass window in front for the camera to “shoot” through 
have been used. 

The monitor man is*req)ofisible for the balance, qual¬ 
ity, and volume of the recording.. It is his duty to be 
thoroughly familiar with the action being photographed 
and the acoustic conditions of the set, and to properly 
locate the microphones. He sits in a ba^ window in the 
monitor room with a clear view of the* stage. Sounds 
are heard from the stage by means'of monitor horns 
only, since the monitor rp<an is insulated froA the stage 
by sound proof walls. The monitor room simulates 
theater revePberation conditions, thus assisting the 
monitor man in obtaining the bypst recording results 
from the theater patrons’ “auditory viewpoint.” 

The mixer table is the centralized control of the»sys- 
tem. Controls are located here for fading in and out 
microphones, maintaining the volume balance between 
several micrqphones, and. regulating over-all volume; 
also for operat^g con^unication systems, signal lights, 
and relay control switches. The volume indicator pro¬ 
vides a visual method for the monitor man tf keep the 
^imd volume range within the limits of the recording 
system. 

toie microphone junction box which permits the 
interconnection of different‘microphones is located on. 
the stage. 'Die microphone drcuits enter the mixer 
on ijie co^jtrol platform where the mixing oi)eratiott 
is performed and amplification obtained before trunk- 
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mg to the recording buiMing. In the recording 
building, which is usually separated from the stages 
because of the fire hazard, is concentrated all the record¬ 
ing, power, and auxiliary equipment except that men¬ 
tioned above. In this building are located the wax 
sliaving room,, battery room, motor-generator room, 
“dubbing"® room, film loading room, recording rooms, 
test laboratory, and amplifier room. 

The amplifier room contains the system amplifiers, 
monitor amplifiers, and power control panels for all the 
channels. 

Bridging amplifiers divide the electrical circuit 
four ways. The ’bridging amplifier outputs are 
connected to the wax aqd film recording Twanhinog 
in the recording room. If the picture is to be released 
with the sound recorded on film, it is common practise 
to operate two film recording machines for the perma¬ 
nent film record and one wax recorder for playback 
purposes. 

Monitoring is accomplished in two ways,—direct and 
indirect. The direct monitor circuit originates at the 
bridging bus and is connected to the horns in the 
monitor room. The indirect monitoring is done by 
means of a photoelectric cell located in back of the film 
and in line with the modulated light beam striking the 
film from’the front. A small amoimt of modulated light 
is transmitted through the film and reaches this photo¬ 
electric ceU. 

The recording rooms usually contain two film record¬ 
ing and two disk recording machines. Th^e maffhinftg 



• • 

Fig. 13— W ax Rbjoording Machines 

• • 


are associated with one recording channel. They are 
all driven ifl synchronism with the camera motors 
on the stage. 

The wax recording machine, used in the Western* 
Electric system of disk recording, (Pig. 13.) consists of 
the following parts: a motor drive, a reduction gear 
with a belt drive connected to the lead scarew, which 
moves a recorder radi^ly across the surface of *the wax 

3. “Dubbin®” signifies a copying or oombiniug process efifeJted 
Wirougb re-recording. 


disk, and a second reduction gear driving a turn-table 
on which the wax is placed. 

The recording is made with an electrical recorder 
which receives its power from the system amplifiers. 
The electrical energy drives a recording styliis, made 
of ^pphire or ruby, which mustlje sharp and of a shape 
to insure a clean <jut, since any roughness in the walls of 
the groove introduces extraneous noise in the re¬ 
produced sound. The records used in the Western 
Electric system are lateral cut records, in which the 



Pio. 14 —^Film Rbcobdixo Machinbb 


grooves are of constant depth and oscillate about a 
smooth spiral. 

After a record has been cut, two procedures majf be 
followed, the record may be processed for use in 
theaters, or the sound may be reproduced directly from 
the wax records by means of a “playback” reproducer. 
The use of the wax playback has proved advantageous 
to the director and actors in immediately judging the 
dramatic effect and the quality of a recorded scene 
without the necessity of waiting for the film or wax 
record to be processed. 

The film recorder (Fig. 14) and its driving motors 
are usually moimted on a concrete slab insulated from 
the building structure by means of cork fnats to prevent 
the transmission of excessive vibrations to the recording 
machine. 

The machine contains a mechanical damped film 
drive medianism, and by means of a lamp, lens assem¬ 
bly, and light valve, records sound on the film. 

The light valve' is an electromechanical shutter ac- 
tifeted by amplified sound currents. It modulates a 
light beam of constant intensity which is projected by 
means of the lens system on to the film, thus producing* 
*a film record of variable density. 

The interlocking* of the motor system employs a 

5. For a more detailed disoussion, see “Sound Recording witb 
the Light Valve,” D. MacKenzie, BeK System Tech. Jl,, January, 
1929. • 

6. For a complete discussion^f the synchronizing and regu¬ 
lating methods used, see “Synchronization'and Speed Control 5f 
Synchronized Pictures,” H. M. Stoller, Bell System Tech. Jl., 
January, 1929. 
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principle known for many years in the electrical power 
field. It consists of connecting the stators and mre 
wound rotors of polyphase slip ring induction motors 
with similar electrical impedance characteristics, in 
parallel, and the pladng of an alternating voltage 
across the stator. Hence, if the rotor on the distributor 



Pia. 15 —Light Valve 


is driven at a coifetant speed, all interlocked motors 
jare likewise driven at the same speed independently 
of the power supply frequency and the actual number 
©f revolutions from start to stop is exactly the same for 
all motors. 

Sound Picture Reproduction^ 

The introduction of sound into the motion picture 
theater has also necessitated changes. It has been nec¬ 
essary to redesign and rebuild the projection booths to 
take care of the special sound reproducing equipment. 



Pia. 20 —Projection Booth, Showing Unitbbsal PiortnaB 
' Projection and Sound Bbproduoing Maohinbs . 


Towers have been built to support the horns behind 
the screen. In some instances theaters have been 
treated acoustically in order to improve the repro¬ 
duction. » 

7. The sound reproduction system used in theaters wiU be 
discussed only briefly, on account of the rather complete descrip-, 
tion given by E. O. Scriven in Bell System Tech. JL, January, 
1929, “A Sound Projector System for use in Motion Picture 
Theaters.” • 


A typical installation layout for talking motion pic¬ 
tures consists of: (1) film and disk reproducing attach¬ 
ments, by means of which small electric currents are 
generated with variations corresponding to the sound 
waves produced in recording, (2) vacuum tube ampli¬ 
fiers which greatly magnify these electric currents, and 
(3) soimd projector consisting of receivers and horns 
wMch convert this electric energy into sound. 

Sound film is run through-a standard projector modi¬ 
fied by tjie addition of the sound reproducing at¬ 
tachment. • 

A light beam of high intensity is Concentrated by an 
optical system containing a slit and focused to a fine line 
across the sound track^of thd film which passes through 
the sound gate. The film at this point moves with a 
uniform recording speed of 90 ft. per minute. On the 
film the sound record consists of a narrow margin (the 
sound track of Fig. 21). 

The spadng of the Ijght and dark bands along this 
track determines tiie pitch of the sound, while the vary-, 
ing density determines the quality and the loudn^. 



Fig. 21—^Picture .ind Sound on Samb Film—^Variable 
Densitt Method* 

On the other side of^he sound gate and back of the 
film is a photoelectric cell which producessmall elec¬ 
tric current with varialieife corresponding to the mod¬ 
ulated light which strikes it. The photoelectric cell 
output is strengthened by a si^l amplifier built into 
the sound attachment and then carried to a fader which 
is used to control the sound volume during the s^jowing 
of the film. From the fader the current is carried to 
an amplifier of size and power suitable for the theater. 
The output of this amplifier passes through a distri¬ 
butor panel to the loud speakers and horns located be¬ 
hind the screen from which the sound issues in synch¬ 
ronism witii the picture. 

. In the disk method of reproduction a current is gene¬ 
rated by an electric reproducer playing on a disk record. 
The record is much larger than an ordinary phonograph 
record and revolves at 333>^ rev. per nnin., thus enabling 
each record to play throughout a whole reel. The small 
electric current from the reproducer is carried to the 
faSer wliere pontrol is effected and thenoe to the ampli¬ 
fier and loud speaker system as.in the film method. 

By using two projectors alternately, a ‘continuous* 
program can be run as with alent picWe projection. 
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This is accomplished by using the fader as a sound con¬ 
trol at the same time that the changeover is made from 
one reel to the next, so that with proper operation the 
audience is unaware of any change being made. Un- 
’like silent motion picture projection where the film is 
generally projected at a faster speed than it was 
photographed, the sound picture* must be shown at 
exactly the same speed at which it was made. A 
constant speed is maintained by means of a special 
type of motor and a vacuum tube controlled electrical 
governing system* similar to the distributor controlled 
system used in redbrding. 

Dependence op Sound Pictures on 
Other Electrical Engineering Developments 

The general processes involved in disk and film 
recording and reproduction have been discussed. Prom ' 
studio microphones to theater loud speakers the depen¬ 
dence of this new technique upon other electrical engi¬ 
neering developments has been heavy. 

• We need but to survey the series of steps involved 
in the processes of recording and reproduction to see 
these relationships. Let us consider a few of the types 
of apparatus employed: 

1. Microphones, or Condenser Transmitters. The 
condenser transmitter was developed originally in con¬ 
nection with studies of high qu^ity telephonic speech. 
Originated by E. C. Wente,® the condenser trans¬ 
mitter comprised a substantial step beyond the earlier 
carbon microphones. , * 

The Ldght Valve. The fight valve, also developed 
by Mr.,Wente, has been adapted from the fight v^ve 
used regularly in the commercial transmission of pic¬ 
tures over telephone lines. ® 

S. Amplifiers., The use of amplifiers for telephone, 
radio, public address, and other purposes is too well 
known to Require much empITagis here. In soimd 
picture recording, the currenls*derived from the con¬ 
denser transmitters are so w^k in comparison with 
those required to actuate a recording stylus or ’a fight 
valve that amplification is vital. 

For purposes of illustration, and as rough average 
figures, at a moment when the power of normal speech 
is about 10 microwatts, the power used to operate film 
and disk recorders would correspond to 0.006 and 0.018 
watts, respectively; the pcfwer delivered by loud 
speakers in a large theater, however, would for the same 
conditions be about two watts. 

. 4 . Lottd^peakers. As in the case of amplifiers, loud 
speakers have already been widely used in telephony, 
radio broadcast reception, and public address reinforce¬ 
ment. While there are various ts^es of loudspeakers 
available, the horn type has* been adopted in Western 
Electric systems chiefly because of its high efficiency and 

8. See “Blectjrostatio Transmitter,” E. C. Wente, iPhys. Wev., 

May 1922, pp. 498-503. • ‘ 

9. See Transmission of Pictures over Telephone Lites,” 
•Ives, Horton, Parker, Clark’, Bell System Tech. Jl., April, 1925, 

pp. 187-214. . 


large power-handling capacity, consistent with high 
quality reproduction. 

In addition to these types of apparatus, there have 
been spedal incandescent lamps developed as fight 
sources for the recording and reproducing systems, 
photoelectric cells have been employed in improved 
form, special motor systems have been used for syn¬ 
chronizing, regulated reproducer motors have combined 
vacuum tube technique with special motor design, mon¬ 
itoring circuit arrangements have been adapted from 
communication systems, agnafing circuits have been 
suited to sound recording needs, mixing apparatus has 
grown out of that used for combining the output of 
public address and radio broadcasting microphones, and 
electrical test sets of various kinds have been designed 
for spdbial purposes. 

Extensive studies of the relative importance of 
different frequencies in speech from an intelligibility 
standpoint have been essential to the attainment of high 
quality transmission. Likewise, nieasurements* of the 
relative distribution of energy in speech and music hav% 
been important in estimating load-carrsHlng capacities 
of apparatus and the magnitudes of interference 
currents between circuits. Again, studies of the 
influence of various amounts of noise on the au¬ 
dition of speech and music have furnished • design 
requirements on quietness in apparatus and circuits. In 
this coimection, it should be noted that in the liife of 
commercial communication circuits, there is a continu¬ 
ous effort to reduce the interference to signal transmis¬ 
sion from extraneous noises. • 

With, regard to circuits for transmitting frequencjr 
ranges, an extensive and well-developed art has grown 
up in commtinication engineering which has been effec¬ 
tively applied to sound picture work. Examples of 
contributions from this source are (1) the method of 
comparing sound intensities by tiie use of power levels 
based on transmistion units called decibels, (2) the 
method of matching impedances whidi secures op- 
timiun transmission, (3) the use of gains in amplifiers 
and transmission losses in mixing and other networks, 
(4) the method of avoiding resonances by annulling 
reactance effects over wide frequency ranges, (5) the 
method of designing high frequency electrostatic sMeld- 
ing arrangements on a network basis, and (6) the cor¬ 
relation of mechanical, electrical, and magnetic vibra¬ 
tions by means of circuit analogs. 

. Other studies worthy of rrference are those on mag» 
netic materials (for example, permalloy used in trans¬ 
formers) and non-magnetic materials (for example, 
duralumin used iti condenser transnutters and fight 
valves), and studies of room acoustics and the properties 
of aoDustic absorbing materials. 

General 

• In the daysof thealentphotoplayitwasoftenthepr^- 
tise to schedule a feature almost before the story was 
wyitten. ‘During the actual photographing of the pic- 
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ture many thousands of feet of film were “shot" at 
, random on large scenes in order to be sure that enough 
material would be available for the film cutters and edi¬ 
tors to patch into a good story. Actors were directed' so 
t.hat. the memorizing of lines was not important. With 
sound it has been necessary to thoroughly plan and re- 
• hearse each scaie beforehand. Actors must memorize 
their lines and directors remain silent during the 
recording. 


The director must broaden his artistic and dramatic 
efforts to «i include the new technical branch. Sound 
engineers with more electrical engineering experience 
than motion picture experience have found it necessary 
to adjust themselves to the new environment. These 
two different types of personalities havejoined forces.' 
The future development of sound pictures is certain to 
be swift and far r^ching. In this development the 
electrical engineer is certain to have an important place. 
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Synopsis*—This pamper is a brief survey of the vast amount of 
work on magnetic shielding of instruments against steady stray 
ffelds and allied problems by several authors during the last fifty 
years. It contains first a simplified presentation of the method 
off zonal harmonic analysis by way of introduction to the mathe-^ 
matical theory of shielding as presented by those authors, and second, 
a brief summary of their theoretical inferences and experimental 
findings. In a paper of this hind no conclusion*^ is necessary; the 
following table of contents explains the plan of presentation followed 
herein. 

IS Introduction. 

Designed and incidental shielding 

S. Problem of shield design 
4 . TJmry of shielding, methods of analysis 
“ 5. Method of magnetic images {geometric) 


6. Harmonic analysis; conception of harmonic magnets and 

harmonic images 

7. Zonal harmonics 

8. DuBois* formula for shield factor 

9. Material for shield 

10. Importance of differential permeability for shielding 
'll. Failure of magnetic shield 

12. Incidental shielding 

13. Dynamic shielding 
H. Differential shielding 

Appendix 

Mathematical theory of Zonal Harmonics 

15. Zonal Harmonic coefficients 

16. Geometric and harmonic images 

17. Analysis of any magnetic fiel§. in general into component 

spherical or zonal harmonics. ** 


L Introduction 

HE phenomenon of magnetic diielding is very 
important from the practical as well as from the 
theoretical point of view. In the past, a consider¬ 
able amount of work has been done by way of develop¬ 
ing a complete mathematical theory for each important 
case of shielding which occurs in laboratory or engi¬ 
neering practise. Several formulas have been evolved 
for practical use, and some of them have been verified 
by test. The mathematical treatment of the subject 
as pres^ted by the several authors is not only somewhat 
difldcult to follow, but it starts out from a point in higher; 
mathematics, generally beyond the range of studies of 
the average technical student. Coirsequently, most 
" of the work in the past has remained a sealed book 
to all except those who were compelled, and had the 
ability, to forge thdr way through that mathematical 

Fart 6 of a Symposium of six papers on Shielding in Blectrical 
Measurements. ^ 

1. Research Engineer, for Ma^etios, General Electric Com¬ 
pany, Schenectady, N. Y. 

Presented at the Summer Convention of the A. I. E. E., Swamp- 
scott. Mass., June 24-28, 1929. Complete copies upon request. 


maze. The purpose of this paper is tWo-fold; first, to 
introduce the mathematical aspect ctf the problem in a 
simple form so as t<f bring the reader to the starting 
point of the classical work presented by authorities 
like Profess(Jr Rucker without having to go through 
the Laplacian equation and its •jlution as a necessary 
preparation, and second to summarize results of the 
mathematical study and of the experimental fiiylings 
of the other physicists. It contains nothing new except 
the mode of presentation. 

2. Designed and'Incidental Shielding 
For practical purposes the study of shielding may be 
divided into two divisions. 

(a) Study of shield design • 

* (b) Study of incidental shielding 

•The classification is important for practical purposes 
only, and has no foundation in theory. The purpose of 
the study (a) is to obtain a formula for the most efficient 
shield and is concerned with those cases wherein good 
shielding Is essential; the study (b) is concerned with 
. cases, in which shielding occurs' itfcidentally as a col¬ 
lateral phenomenon irrespective* of desirability or unde-, 
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sirability of the effect. The«ame fandamental ISieory 
underlies both the above aspects of the study/* but the 
conditions involved in the two problems call for different 
methods of approaching the solution; hence, the need 
of the above classification. The problem of designing a 
s&tisfactory shield for protection of galvanometers 
against external field belongs to the first class; the 
problem of computing magnetic for«es on a conductor 
located in the slots or tunnels of the mmature of a motor 
belongs to the second class.- The solution of the first 
problem is best obtained by the use of harmonic 
analysis; the solution of the second, by the use of electro¬ 
magnetic images (gfiometric). In anticipation of the 
following analysis, it may Jje noted at this point that 
the method of harmonic analysis is also fundamentally 
a method of magnetic images. (Section 6). 

3. Problem op SmELD Design 
In the complete form of the paper this section is given 
over to a brief discussion of the above subject. 

4 Theory op Shielding: Methods op Analysis 
Theoretically, the action of a shield consists of a 
change of pafii of flux lines, due to refraction of those 
lines at the boundary surfaces of the shield caused by 
differences of permeability on the two sides of the 
boundary. This interpretation of the shielding process 
cannot be reduced to mathematical formulas except 
in an indirect way, in terms of some intmnediate 
ph«iomenon, such as distribution of magnetism on the 
surfaces of the shield. Thus, liiere ^rise three practical 
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Fia. 1—^Bendiko of Flxjx Lines bt a. Shibui 


methods of interpreting the action of the shield in 
mathematicaf terms: ' 

1. The method of least reluctance 

2 . The method of images 

3. The method of harmonic analysis 

The first method lends itself easily to account for the 
action of the shield in a qualitative sense, but it is not 
convenieat for quantitative work. The secofid and 
third methods are bes£ suited for computa^on. TJie 
fifst method* is based oh ihe eoBception tiiat lines of 


flux are refracted so as to follow the path of least reluc¬ 
tivity, and consequently that most of the flux lines 
follow the apparaitly longer but really the easier curved 
path through the w^ of the shell instead of traversing 
the straight and shorter path through the space en¬ 
closed by the shield. This line of reasoning is very 
convenient for a dassroom exposition but it fails to 
explain dearly the fact that some lines traverse the 
space endosed by the shell instead of all lines going 
around the endosure; nor does this conception explain 
the bending of the lines outside the shield .where they 



Pig. 2—^Magnetic Poles on a Shield Due to Induction 
(Bending of Lines is Ignobed in This Diagbam) 

approach the shidd without touching it and follow a 
longer path of apparently greater reluctance without 
any compensating diminution of reluctance, by going ^ 
part of the way through the iron (see Pig. 1, line No* 
200). It is possible to explain all these difficulties by 
taking fully into account the diminution of permeability. 
by congestion of flux, the bending of the equipotential 
surfaces, and .the broadening of the tubes of flux; but 
then the explanation is no longer simple and has no 
other compensating merit. The other two methods are 
based on the conception that the shells are themselves 
magnetized by the inductive action of the field (see 
Pig. 2) and become in turn a source of a s^ond magnetic 
force which in the enclosed space is opposed to the 
original fidd. The value of the field in t^ space is the 
resultant of the original fidd and the opposing field 
produced by the shield. This method of interpretation, 
is not very difficult to comprehend, and has the further 
merit of lending itself easily to mathematical analysis. 

4 Method op Magnetic Images (Geometric) 

A paragraph in the complete paper describes the 
above. 

Harmonic,Analysis: Conception op Harmonic 
Magnets and Harmonic Images 
In the complete form of the paper tiiis subject is 
discus^d at some length. 

7. Zonal Harmonics 

. This department of tiie complete 'paper includes a* 
number of working equations and diagrammatic figures. 
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8. DuBois’ Formula fob Shield Factor 
It is not possible in a brief paper of tl^ kind to go 
through the-conaplete analysis of the shield problem. 
The purpose of this paper is merely to introduce the 
subject for the benefit of those whose knowledge of 
harmonic analysis is limited to Fouri^s Series. For a 
more complete study of the problems, see Magnetic 
Shidding” by Esmarch (Ann. der Physik., Vol. 39, 
1912, p. 1553), and by Ruckw (Philosophical Mag., Vol. 

37,1894-95, p. 95). j v 

From Rucker’s general formula referred to above, 
DuBois' has derived the following formula for the case 



Fig. 5 —Spherioai/ Shield op Two Shells 


of a ^herical shield of two concentric shells, with a 
shell of non-magnetic material between, (Fig. 5). 
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where c is the permeance function of a shield of spherical 
form, the equation takes the form, 
j — 1 -|- (5 (1 — Pi p*) -t- c (c -b 1) mi ms mn (9-2) 
By Tna.Vmg n = Bt, and therefore, ps = 1 and ms = 0, 
the outer magnetic shell is eliminated and the shield is 
reduced to a single shell for which the shield factor is 

fifi - 1 -H c (1 - pi) (M) 

= 1 -h c mi , (ll-2)‘ 

or (fifi - 1 ) = c mi . ( 12 ) 

(g - 1 ) is called the shielding powar of a sMdd. 

Equation (11-2) shows that the shield factor of a 
shield depends notnn the absolute size of a shield, but 
m m; that is, on the rdative mass of the shell wall to 
tiie size of the shell. 

6. See DuBois: Electrician, Vol. 40,1897, p. 317. 
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BID Factor In the> same way, by making Bi = ri and therefore 

»f this kind to go Pi = 1, Wi = 0, we have 

} shield problem. ’ gt ~1 +cm3 

to introduce the DuBois’ equation may now be transformed so as to 

)se knowledge of Kq)ress 3 as a function of gi and gj. 

r’s Series. For a ^ = 1 e (1 - pi p*) -t- c (c -M) mi m2 mi2 

s, see "Ma^etic + c [1 - (1 mi) (1 - m2)] -f c (c •+• 1) mi m2 m^ 

^p£im.:Yo{. =(l-Homi).(l-kcm2)-mim2(cHc)+o(c-Hl)mim2mi2 

= ffi ffs 4- mi m 2 (c* -t- c) (1 — mi2) 

jferred to above, = gi g2 — <5 (c -k 1) mi m 2 mn ^ '• (19) 

rmula for the case ^ second form of the DuBois’ Equation 

This equation shows that the shield factor consists of 
two terms. The first is made of two main factors, each 
being the shield factor of the corresponding shell; and 
the second or negative term represents the effect 
of the mutual reaction of the two shells on each 
other and is a measure of the loss of shielding power due 
to such reaction. For a pair of shells of given radial 
ratios (mi and m2 constant), the reaction reaches the 
maximum value, and g reaches the lowest value when 
wo Shells P 12 = 1; that is, whoi the air space is eliminated. 

If the shells are not very thin, and also if the perme- 
tric shells with a abiUty of the sheU material and therefore the permeance 
een (Fig. 5). function of the shield is very high, we can assume 
’ ’ ' g _ g _l_ and- also c mi = 1 -k c mi, and c m2 

= 1 -1- c m2 approximately; this approximation reduces 
DuBois’ equation to a much simpler and more instruc- 
_ tiveform: 

mi m2 mi2 J (9) g _ (1 + c mi) (1 -k c m2) - c (c + 1) mi m2 P12 
= e mi c m2 — c* mi m2 P12 (approximately) • 

= 1 - Pi = gig 2 -gi 9 i P12 (approximately) ^ 

= 1T Pi = gi gj (1 - P12) (approximately) ' 

= 1 — P12 = gi 92 mn (approximately) ^ (13-2) 

ion (1-2)) • of the whole shield is approxi- 

. mately the product of tiieahield factors of the individual • 
1 shells multiplied by the clearance ratio of the air space 

(10) between the shells. This fonp of the eqmtion brings 
out dearly the function of the* air space in improving 
a shield of spherical the efficacy of the shidd; it reveals the fact, not ob'dous 
at first sight, that a shidd made up of two shells, with a 
o« -m non-magnetic space between, is superior to a shidd of 

^ the same size with all the space filled with the magnetic 

j2 = 1 and m2 = 0, inaterial. *It would appear that the rductance of a 
id and the shidd is gbdl filling the whole space occupied by the shidd 

ie shield factor is be less than that of a multi-shdled shield with 

jj) (H) air spaces between. This view is contradicted by ^e 

(11-2)* wdl recognized fact that a multi-shelled dudd witii 
(12) spaces between is far superior to a solid shield of 
' f h- u ■ ^ the se^^e size, although the latter contains much more 
ar of a smdd. magnetic naaterial and has apparently much less rduc- 

I shield factor of a tance. DuBois’ formula has been found to be in dose 
sisie of a shidd, but agreement with the shield factor obtar^ed by measure- 
of the shell wall to ment. (DilBois, Electridcm, Yd. 40, p. 653). In the 
ca^pf cylindrical shidd, the^shield factor is given by a 
897, p. 317. snmilar set of equations: 
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= 1 + 


where 


. M 


. (M + 1 )* 

+ ;;- Ui W2 Tin 


V 

[ (1 - 9l ?2) 
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(14) 


Qi = (ri/RiY 

^ 1 - 9i 

'Qi = (rs/RsY 

Tl^ — 1 “ ^2 

7i2 = (Ri/ri)® 

Tin = 1 — Qn 


Using as before the^notation 


d = 


• 4 fi 


(15) 


the equation takes the simpler fcftm, 

Q — (1 + «i) (1 + ci »2) — {d? + d) »i ns gn 

= ffiffi- (d^ + d) 111 ns gis (16) 

= ffi Qi nis approximately (16-2) 

This equation is analogous to. that for spheres, and 
leads to similar conclusions.® Incidentally, it may be 
noted here that the ratio of the permeance functions 
in the two cases, viz., spherical and cylindrical shells, is 

= 1 (m- 1)^ 1 (m- 1)^ 

‘ d 9 u M u 


or 


d 


_8 

9 


(17) 


Rucker has shown that for a shiq^d of predetermined 
size—^that is, when the innermost and outermost radii 
are specified,—^the most-efficient shield is obtained when 
the successive radii of the shells form a geometric 
progression. , * 

Equations for shields of more than three shells can be 
developed by furthfy application of the same method, 
but the wor^ involves a very ld!B(>rious computation, 
•and the improvement securedjliereby is not sufficiently 
great to justify the effort. A shield of thr^ shells is 
quite satisfactory for almost all practical purposes, and 
one of the two shells is*good enough for most of lliem. 
If necessary. Equation (13-2) can be extended to any 
numbef of shells as an approximate formula. 

9. IMaterials for Shells 
A reference to DuBois’ formula shows that,the shield¬ 
ing effect is nearly proportional to j)erme^bility; high 
permeability is therefore the most important requisite 
for shield material. In practise, the fields against which 
protection is needed in galvanometer work are gener¬ 
ally very weak. The best material for a shield is there¬ 
fore a material with high initial permeability. It is’ 
also necessary to remember that the material should be 
as free from hysteresis as possible. Material capable of 
developing strong local poles and retaining them is 

6. For similar equations for shields of three shells see “StaUoy 
Ring Shields,” by D. W. Dye.. (/ourncd of Scientific InatrumAita, 
'ifol. 3.1925, 5. 66.) 


worse than useless, as it may create more disturbance 
than it can cure. Portunatdy, material of high perme¬ 
ability has generally a very low hysteresis, which simpli¬ 
fies to that extent the problem of choice* of material. 
The newly discovered alloys, permalloy and other alloys 
of that class, seem to be the best Materials for shields but 
no recorded data on shield ratio for these materials are 
yet available. Professor Hill states that he has ob¬ 
tained a shield ratio g = 1000 by the use of a cylinder 
of sheet “Mu-metal” rolled with a spacer of sheet cop¬ 
per, and with end plate of Mu-metal. ’(Journal of 
Scientific Instruments, Vol. 3, 1925-26, p. 335). For 
steady disturbance fields a massive material is just as 
good as laminated material, but for disturbance of 
transient character, massive material is,at a disadvan¬ 
tage. The impulsive nature of the disturbance gener¬ 
ates an*eddy current, which chokes back a part of the ' 
flux and prevents it from going through the walls of the 
shell, thereby reducing the efficiency of the shell, as is 
indicated by an impulsive kick of the protected gal¬ 
vanometer. Laminated shells have no disadv^tage 
in particular. They are equally efficient against im- , 
pulsive and steady disturbances. There seems to 
be some difference of opinion as to tiie mode of lamina-* 
tion. One method is to prepare a cylindrical shell by 
stacking a number of ring punchings of appropriate 
size, a sch^e of lamination which simplifies the prob¬ 
lem of cutting observation windows in the shield. A 
second method is to prepare a cylindrical shell by r&Ufng 
sheet mat^ial in the form of a cylinder. Theoretically, 
the latter t 3 q)e ought to be a trifle better. Practically 
no great improvements seem to have been observed. 

10. Importance op Differential Permeability 
FOR Shielding 

In view of the facts that the shielding power of a 
shield depends on its permeability, and that the perme¬ 
ability of every known ferromagnetic material depmids 
on its flux density having a maximum value when the 
matoial is carrjdng a certain amount of flux, attempts 
have been made to improve the shielding power of a .. 
shield by setting up a toroidal flux of sufficient strength 
to bring the material to the point of maximum 
permeability. It has been shown that this method 
of increasing permeability leads to no appreciable 
improvement in shielding power.^ The cause of the 
failure lies in the fact that the permeability on which the 
shldding power of the shield depends is not nomoal 
permeability B/H, but differential permeability 
A C/A H, where A H is the new increment of stray field, * , 
Superposed on the previous field H, with corresponding 
values for A and B. If the shield be in the non¬ 
magnetic condition*to start with and be subjected to a 
toroidal magnetization up to the point of maximum 
permeability, and if a weak magnetic field be.then 
turned on for the first time, *016 tofbidal magnetization 
does give a slightly greats* sWelding power; but a seconfi 

7. DuBois, Electrician^ March 11,1898, Vol. 40, p. 654. 
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application of the same field is attended by a reduwd i 
shielding power. In every case after the first applica- i 
tion of the -stray field, the iron goes through a ^all ; 
unsymmetrical hysteresis loop, the mean slope of the 
last side of the loop being the value of permeabdity, 

A B/A fl, which determines the final .distribution of the 
flux. Even in the case of the first application of the 
field, the improvement is not very great because the 
values of both A H and A B are not positive for the 
whole ring> in one-half of the ring the stray field is 
opposed to the flux and the corresponding permeabihty 
has the value not + A B/ -\r AH, but the much lo\^ 
value - AB/-AH. As the shielding power of ^e 
shield depends^on tiie final distribution of the flux, which 
in turn depends greatly on the differential pem^bility 
under the working conditions, it follows that DuBoa 
equation involving the normal permeability B/H, 
instead of A B/A H, is only a first approximation. 

11. Eailurb of the Shield 
In the ultimate analysis, the operation of the shield 
depends on the refraction of the flux lin^ as they pass 
through the succesave surfaces of the shield. If there¬ 
fore the lines of flux in any particular case are either 
strictly perpendicular or strictly parallel to the surfaces 
of the shield, there can be no refraction and therefore no 
shielding effect. For example, if one end of a long thin 
bar magnet is inserted inade a spherical shell, all the 
lines emanating firom the inserted pole will pierce 
through the shield and emerge as if there were no shield. 
If, on the contrary, a magnet were inserted inside the 
shell with both poles inside, the space outside will be 
'almost fuUy protected by the shell. Only a few lines 
in the direction joining the poles will be perpen^cular 
to the surfaces of the shell and will emerge outside un¬ 
changed; these will be a very small fraction of the total 
lines emanating from each pole of the magnet. As an 
example of parallel flux, we may consida- the case of a 
tubular shield with a single wire carrying the current 
along the axis of the shidd. The magnetic field at any 
point outside of the shield will be just as intense with the 
shield as without it. These cases of failure do not 
generally occur in practise, but it was necessary to 
mention them just for the sake of a correct theoretical 
understanding of tiie nature of the phenomenon. 

12. INCIDBNTAL SHIELDING 
Imagine a wire carrying a current held in front of a 
plane face block of iron of infinite extent on the opposite 
’ "side and of infinite permeability. The problem is 
determine the form of the field and the distribution of 
magnetism on the surface of the block. A problem of 
this kind is easily solved by the method of electronmg- 
netic images. Imagine the block removed for a time 
and anothw wire c^rying a current of the same magni- 
tgide and direction iocated^where the image of the first 
wire would have been formed if the face of the block 
had been a mirror. Such a current would be an electro¬ 
magnetic image of the first current; the fidd at any pQiht 


in front ^of the block can be obtained by computing the 
field produced by the two wires separatdy and obtaining 
the resultant effect. For a point immediately near the 
block, the field would be perpendicular to the face of 
the block, and the magnetic surface, density at any 
point of the face can be computed from Coulomb’s 
Law. 

ff = H/4 IT . (18) 

where H is the field at that point as computed by 
the image method. 

This is the method of magnetic,images. More im¬ 
portant cases occurring in engineering practise are 
described in Searle’s, “MagjJetic Field Near a Cylinder 
of Iron,” Electncicm,»Yo\. 40, 1898, p. 458. 


13. Dynamic Shielding 
a wire carrying a current hdd in a magnetic 
field and at right angles to the field. The wire would be 
subject to a sidewise p^ll proportional to the product of 
the field strength and the strength of the current. 
Now imagine a tubular magnetic shield surrounding 
the wire but not touching it; the field ii^ide of the 
shidd wiU be very much weaker and the sidewise pull 
on the wire will be reduced in proportion. Suppose now 
that the shield is mechanically fixed to the wire so thar 
the wire and shield must move together or not at all; 
the pull on the wire is now as strong with the shield as 
without it. This apparently paradoxical result is due 
to the fact that when the shield moves with the wire, the 
linAg of flux crossing the space inside the shield move in 
the opposite direction at a r^pid rate with a velocity 
inversely proportional to tiie weakening of the field. 
Therefore, the rate at which the lines are cut by the wire 
is now the same with the shield as without it. 

14. Differential Shielding 

The most important practical use of shielding is the 
protection of moving-magnet galvanometers against- 
the steady, terrestrial field in which they work. The 
galvanometers are generally jf the astatic type. In 
practise, it is nearly impossiblfe to get the necessary 
exact balance between the two opposing magnets of the 
ssrstem. 

An article on the Future of the Residential Lighting 
Field by I 4 . Lucldesch in the Electrical World states 
that during the past year more than 1,000,000 retiden- 
tial customers have been added to central-station lines. 
There still remain nearly 9,000,000 residences not being 
served, of which more than 3,000,000 are within easy 
reach of central-station lines. Based on the present 
average wired home, the residential field will use 
about 135,000,000 lamps for renewals and at least 
15,000,000 for initial installations during tins coming 
year, f’urtjiermore, assuming oijly a nonnal increase in 
thft number of average customers, w;e may expect an 
increase of more than 15,000,000 lampS per yeas 
for several years. . 
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The Committee on Production, and Application of Light 

WIRING FOR ADEQUATE LIGHTING IN COMMERCIAL 
AND INDUSTRIAL BUILDINGS 

G. H. Stickney* 

When the lighting of a building pjoves unsatisfactory 
to an owner or tenant, it has become common practise 
to call upon the illuminating engineer^ of the lamp 
manufacturers or central station companies for pre¬ 
scription as to prdper treatment. 

Revamping unsatisfactory jobs provides valuable 
experience which is not commonly shared by the con¬ 
sultant who deals principally with new installations 
and seldom contacts with them after they are put in 
use. 

These engineers have therefore become especially 
familiar with the ills of lighting installations, and it is 
probable that no other group hg,s as accurate a knowl¬ 
edge of what is demanded of a lighting installation. 

Sometime about the year 1922 there was a change 
in the character of the troubles encountered. Previous 
to that time it was common to encounter a lack of 
sufficient outlets, but seldom was there an insufficiency 
of copper behind the outlets. Since then, inadequate 
wire capacity has been becoming more and more an 
impediment to providing sufficient illumination to 
meet the requirements of the light users. 

The constantly increasing demagd for ample illumi¬ 
nation is of course the main factor, but the change of 
condition centering abeut the year 1922 is apparently 
due in a considerable measure to other causes. In the 
first place, during,the preceding yeai4, the efficiency of 
tungsten filamentJamps advanced rapidly. And sin^P 
the lamps were ma^e for designated wattage, the light 
output increased rapidly enough^q meet the demands 
*for better lighting. Since then/ the increase in light 
output has been relatively 1^ rapid. 

Again, it appears that competitive situations have 
led the designers of lighting installations to scrimp more 
and more in order to secure savings in initial costs. 

In aJiy event, investigation of lighting complaints 
indicate that even some of the finest buildings recently 
erected in the centers of large cities are not only less 
adequately wired than those of five or ten yedrs ago but, 
what is really serious, are proving unsatfefactory on 
first occupation. 

It seems afinost certain that owners of such buildings 
will be forced to go to excessive expense to rewire before 
these installations are five years old, in order to compete 
with other more adequately .wired buildings. 

In extreme cases, suitable complements of lamps 
overtax the safe capacities of the wiring, and blow fuses. 

In a inuch larger number of instances, the ina'fiequate 
copper size results in fin excessive voltage drop so t^at 

« I l IUTtiin atifig Engineer, Edison ‘Lanip Works, Harrison, 
New Jersey. 


lamps are operated below their rated efficiency and 
light output, increasing cost per unit of light dehvered 
to the user. It is not uncommon to find lamps running 
20 to 30 per cent low in candlepower. Since the cause 
is not readily recognized by the la 3 Tnan, the blame 
frequently falls uponthecentralstation,oruponthelamp 
or equipment manufacturer. 

Obviously, this trouble could be easily avoided at a 
relatively small additional investment by providing 
larger wiring capacity in the original. installation, 
whereas rewiring later involves many times that cost. 

This situation was recognized several years ago by 
a few illuminating engineers; and a considerable amount 
of study has been given to finding a practical way of 
meeting it, and assuring good advice from the industry. 

As the result of representations made by illuminating 
engineers, the National Electric Light Association, 
through its Commercial and Industrial Lighting Com¬ 
mittee, undertook a carefully planned program. 

A first essential was to determine on a reasonable 
practise. This must be high enough to give assurance 
of satisfaction in a large majority of installations, an<f 
yet not be so high as to prevent wide acceptance. 

It was not practical to provide for the few excep¬ 
tionally well lighted buildings which stand out ahead 
of ordinary lighting practise. 

Furthermore, any specification which can prove 
acceptable at the present time will need revision ^up¬ 
ward in a very few years. Fortunately, the reaction 
to the recommendations which have been published for 
several years in the lamp manufacturers’ bulletins gave 
a good indication as to a reasonable standard for the 
quantity element. 

Through the experience of some central station 
illuminating engineers who had written many specifi¬ 
cations and followed them* through into satisfactory 
operating installations, it has been found possible to 
state the quantity features in a few simple paragraphs 
so directly and simply worded as to avoid any likeli¬ 
hood of misunderstanffing. The method is in line with 
common construction usages. 

No attempt was made to produce a complete speci¬ 
fication, but the adequacy feature was put in a form 
suitable for incorporation in the electrical specifications 
of an architect or consulting engineer. 

Although designed primarily for the smaller building, 
for which consulting engineering advice is not ordinarily 
retained, the material should prove helpful for larger 
bilildingsaswell. 

These Specification Paragraphs are based upon 15- 
ampere fusing of branch circuits. Wire of Nos. 10.and 
12 B. & S. gage is called for according to the length of 
the circuit. The number of circuits required is defi- 
niteljf indicated in terms of floor area and initially 
planned lighting load. Pafiel boards are specified t^ 
allow for a 20 per cent expansion in number of circuits. 
The capacity and allowable voltage drop of feeders are 
specified; also over-sized conduit is required. 
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Certain other requirements of ordinary installations 
are covered in simple wording. Practically every 
feature, with the exception of the feeder sizes, can he 
interpreted ajid checked accurately by a layman, with¬ 
out recourse to wiring resistance formulas or tables. 

Because of differences in local ordinances and regu¬ 
lation a slight amount of variation is provided, to adapt 
the specifications to certain cities. 

Because of this, and the fact that a certain amoimt 
of promotional effort is necessary to secure the adoption 
of the higher practise, it is proposed to introduce the 
Specification through the lighting service en^neers of 
the central station companies. 

The Specification Paragraphs have already been 
found acceptable to the Wiring Committee of ^the 
National Electric iSght Association and to the Society 
for Electrical Development. The latter organization, 
has in cooperation with the N. E. L. A. Commercial 
and Industrial Lighting Committee transposed the 
paragraphs into .the suggestive form, and incorporated 
them In the supiflementary section of the Franldin 
Red Sesd Lighting Specifications. 

• The N. E. L. A. Commercial and Industrial lighting 
Committee has outlined a program of advertising in 
architectural papers, in order to point out to architects 
the importance of the problem and encourage a lo^l 
cooperation with lighting service engineers in its 
solution. 

Beeause of the clearness of the new specifications it 
i^believed that those architects who have been referring 
the wiring specifications to contractors competing for 
the work will find it practicable and desirable to resume 
the control of the'wiring, at least so far as lighting cir¬ 
cuits are concerned. 

In order to prepare lighting service engineers for their 
responsibility in the program, two national conferences 
of instruction have already been held, and others are 
projected locally. 

The N. E. L. A. has enjoyed the cordial cooperation 
of the Structural Service Department of the American 
Institute of Architects. That organization has not 
only given valuable advice as to all the features of the 
program, but has furnished speakers for the conferences. 
Leading architects and architectural editors have 
elucidated the architects' ideals and problems, and have 
given valuable hints on how to deal helpfully with 
architects. 

Moreover, the cordial reaction of these leaders to the 
specification idea and to the plan in general seems to 
"foreshadow a cordial reception throughout the country.^ 

The altruistic character of the enterpri^ is indicsited* 
by the fact that none of those actively responsible for 
the undertaking has any direct interest in the sale of 
wiring, and can gain only through the resulting removal 
of a resistance to good lighting practise, and theft only 

such lighting is, Jesired 1)y its users. 

A high order of service and cooperation is being 
offered which may lead much further than the lighting 


field and induce a constrqptive cooperation of all con¬ 
cerned inithe electrical features of building constiuction. 

What has been done so far is only the first step in a 
great advance which will take place as fast as excellence 
is proved. 

- # 

A NEW LABORATORY OF APPLIED’lIGHTING 

, D. W. Atwater^ 

To further the adequate and proper use of Ijght, the 
Westinghouse Lighting Institute was op^ed on May 
30, 1929 |t the Grand Central Palace in New York 



Mazda Avenue op the Westinghouse Lighting Institute is 
A Complete Stkeet, with Signs, Show Windows and Street 
Lights 

City. Occupying practically an ©atire city block and 
having an area of a^roximately 40,000 sq. ft., it pennits 
a full-sized realistic setting for each lighting application. 
Through the center of the inslatute is a city stfeet eom- 



ExTEnioR OP j'Hii Well Lighted Home at the Wbst- 

iNQHOTJSE Lighting Institute. It Includes Six Booms 

CoMSLETELT FURNISHED AND EQUIPPED TO ShOW MoDERN 
Residence Lighting Practise • 

plete with its lights, traffic signals, signs, and show 
windows. Along each side is a variety of buildings 
including different types of stores, an industrial plant, a 
garage and filling station and even a six-room house. 
Behind* these actual facades are qjjually realistic 

Commereial Bngiaeering D^t., Westinghouse Lamp Co. 
Bloomfield, N.J. . • • « 
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interiors where lighting eifects are demonstrated in 
proper surroundings. Subjects too large to include in 
full size,—such as, an airport or a modem dffice build¬ 
ing,—are reproduced in the form of models; however, 
there ^e, full-sized sections of street railway cars, 
busses, and an actual automobile. 

Two main distribution boards serve 22 lighting and 
7 power panels. There are over SOO switches at 52 
control points, 450 double convenience outlets and over 
4000 sockets. The connected load adds up to 750 kw. 
With the exception of a few “hot” outlets f«r electric 
clocks and water‘qpolers, everything is operated by 
magnetic contactors. Over 300 of these are located 
on 9 contactor panels in soundproof rooms. The con¬ 
tactor rooms are interconnected to permit TnaTimum 
flexibility; in fact, any switch at any location can be 
arranged to control any effect. 

The Westinghouse Lighting Institute is in reality a 
laboratory of applied lighting designed and eqmpped so 
that it may be of maximum service to both the engineer 
and the layman, who will find facilities and examples 
suited to their every need. 


LIGHTS’ GOLDEN JUBILEE CELEBRATIONS 

The observance of Lights' Golden Jubilee will cul¬ 
minate on the twenty-first of this month with.the 
dramatic celebration at Dearborn, Michigan. There, 
in the original laboratory transported with other build¬ 
ings from Menlo Park, Mr. Edison will reconstruct in 
darkness the incandescent lamp aijd cause it to light. 
The Edison Pioneers, Mr. Henry Ford, and other dis- 
, tinguished friends of .the inventor will be present. 
Plans have been made for the attendance of President 
Hoover, who is honorary chairman of the movement. A 
description of the events at Dearborn will be broadcast 
over an international radio hook-up. 

Lights' Ghjlden Jubilee commeBi§rates Mr. Edison's 
. invention of f^e incandescent Jamp on October 21,1879. 
Inaugurated by a brilliant elecfiical festival at Atlantic 
City on May 31, during the N. E. L. A. Convention, the 
Jubilee has been widely*bbserved throughout the coun¬ 
try. At Niagara Falls a pageant parade was held, 
and the Falls were illuminated. During the National 
Air Races at Cleveland, Ohio, August 31 was dedicated 
to Edison. The Lights' Golden Jubilee Derby, a race 
of air-mail pilots, was held with the goal Milan, Ohio, 
the inventor's birthplace. The American Legion, in its 
annual convention at Louisville, Kentucky, devoted the 
opening night, September 30, to Edison. Special 
golden lamps were used in decorating the business 
district of the dty. 

The Government has cooperated in the- jubilee by 
issuing a two-cent postage stamp in commemoration of 
the invention; over three hundred and thirty millions 
of these stamps have been purchased. # • 

The governors of twenty-seven states have already 
agreed to lend an official character to the celebratiorPby 
their proclamations. Perhaps the most original, and 
surely the imaginative plan of celebration has been 


sponsored by the Oklahoma Utilities Association, which 
has obtained the cooperation of civic organizations 
throughout the state. Citizens of Oklahoma will be 
askedtousecandlesorkerosenelamps in thdr offices and 
homes, for a short time on the twenty-first. Then, at a 
given signal, all electric lights will be turned on, thus em¬ 
phasizing the transformation wroughtby the invention. 

The world-wide importance of Edison's lamp is indi¬ 
cated by the international character of the Jubilee cele¬ 
bration. Plans to cooperate have been made in Argentina, 
Austria, Canada, Chile, China, Prance, Gennany, Hol¬ 
land, Italy, Japan, Mexico, Peru, Porto Rico, and Sweden. 


HOW FAR DOES A KILOWATT-HOUR TRAVEL? 

A review of the movement of electric power during 
the pasf few years indicates that the average distance 
traversed by the average kilowatt-hour in its path from 
power house to consumer in the United States is about 
22 mi., according to the Statistical Research Depart¬ 
ment of the National Electric ligl^t Assodaticui. If 
the production of the state of California, with its power 
plants for the most part in the Sierras and its use in the • 
lowlands along the seacoast, is excluded, the average for 
the rest of the United States is only 18 miles. It would* 
seem therefore that in spite of the extraordinary progress 
in the interconnection of electric light and power sys¬ 
tems and the extension of transmission lines during 
recent years, the great bulk of electric energy is still con¬ 
sumed in the vicinity of the power plants. ' * 

To a large extent this is the result of economic factbns 
which have dictated the location of steam plants in the 
near neighborhood of the large markets for their power 
in our seaboard cities and the great industrial regions of 
the country. It is also the result of the increasing 
economies being elfected in the generation of electricity 
by steam near the centers of,use as compared with the 
cost of making water power developments at a distance 
and of bringing this power to market over long trans¬ 
mission lines. 

Statistics indicate that this average dfetance traveled 
by electric power is becoming shorter and that this 
trend should gradually become more pronounced. 
Although the production of hydro-electiic power (for 
the most part from distant plants) was larger than the 
average during 1928, this represents a situation which 
probably will not pasist, the Statistical Research 
Department further points out. Many of the projects 
recently completed were determined upon and prepared 
for at least five years ago when the price of coal was at* 
•its peak and when the efficiency of steam generation 
was much lower than it is at present. Since then, the 
operating cost of generating electricity by steam have 
been cut nearly in two and as a result the attractiveness 
of mpst of the remaining undeveloped water power 
plants has been seriously impaired, it is said. Five 
years from now, the oft-repeated prediction as to the 
shrinkage in the proportion of the total amoxmt of elec¬ 
tric energy produced by water power will, in all proba- 
bility, be measurably fulfilled .—Transactions I. E. S. 
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INSTITUTE AND RELATED ACTIVITIES 


Thte Chicago District Meeting 

LIVE TOPICS TO BE PRESENTED 

A noteworthy group of feohnieal papers has been arranged for 
the District Meeting to be held at the Dr^e Hotel in Chicago, 
December 2 to 4. Some of the very latest developments in 
several lines of electrical engineering, such as distributing sta¬ 
tions, double-winding generators, high-voltage generators, fault 
busses, high-pressure steam, new-type lightning arresters, air¬ 
transport communication and other subjects as shown in the 
list below will be covered. 

A Student Session also is planned and entertainment features 
are being arranged. Further details will be published in the 
November issue of the Journal. 

Papers for Chicago Meeting 

The Future of Higher Steam Pressures, I. E. Moultrojir, Edison 
Electric Illuminating Company of Boston. 

Use and Design of Fault Ground Bus, R. M. Stanley and P. C. 

Hornibrook, Byllesby Engineering and Management Corp. 
Increased Voltages for Synchronous Machines, C. M. LafPoon, 
Westinghouse Efectric and Manufacturing Co. 

Double Windings for Turbine Alternators, P. L. Alger, E. H. 

Preiburghouse and D, D. Chase, General Electric Company. 
Theory of a New Valve Type Lightning Arrester, J. Slepian, R. 

Tanberg and C. E. Krause, Westinghouse Elec. & Mfg. Co. 
A 4l^,000-Kv. Variable-Ratio Frequency-Converter Installation, 
E. S. Bundy, Niagara Lockport*& Ontario Power Co. and 
A. Van Niekirk and W. H. Rodgers, Westinghouse Elec. & 
Mfg. Co. 

Low-Voltage A-C, Networks, R. M. Stanley and C. T. Sinclair, 
^ l^yllesby Engineering & Management Corp. 

An Economic Study of an Electrical Distributing Station, W. G. 

Kelley, Commonwealth Edison Company. 

Experience with Carrier-Current Communication on a High- 
Tension Interconnected Transmission Systeh, Philip Sporn 
and R. H. Wolford, American Gas & Electric Company. 
Automatic Regulation for Synchronous Condensers Equipped with 
Superexdtation, L. W. Thompson andP.J, Walton, General 

. Electric Company. 

Polyphase Induction Motors, W. J. Branson, Robbins & Myers, 
Inc., Springfield, Ohio. 

Recording Torque Indicator, G. R. Anderson, Fairbanks, Morse 
and Company. 

Effect of Armature Resistance on Stability of Synchronous 
Machines, C. A' Nickle and C. A. Pierce, General Electric 
Company. 

Ionization Currents and the Breakdown of Insulation, J. J. Torok 
and F. D. Fielder, Westinghouse Electric & Mfg. Co. 

Heat Radiation in Inter-Reflection Cases, Professor A. D. Moore, 
University of Michigan. 

Recent Developments in Telephone Toll Service, W. H. Harrison, 
American Tel. & Tel. Company. “ 

The Chicago Toll Telephone Office, E. 0. Neubauer and G. A. 

Rutgers, of Illinois Bell Telephone Company. , 

Manufacture of Telephone Carrier and Repeater Apparatus^ 
R. G. Glasier, Western Electric Company. ** 

Air Transport Communication, R. L. Jpnes, BeU Telephone 
Laboratories, Inc. 

The General Convention Committee which is arranging the 
meeting is as follows: W. T. Ryan (Vice-President in Cistrict 
No, 5) Chairman; T. G. LeClaDr, Vice-Chairman; A. G. Dewars, 
Secretary; J. H. Kuhlmann, M. A. Paucett, Oscar Gaarden, 
L. F. Hickernell, P. B. Juhnke and F, H, Lane. The chairmen 
of the other committees which have been appointed to date are: 
Technical Program,-F. H. Lane; Hotel and RegisVi-ation, E. 


Kearns; Finance, K. A. Auty; Trips and Transportation, H. E. 
Wulfing; Publicity, F. R. Innes; Entertainment and'Banquet, 
H. W. Bales, and Student Activities, J. H. Kuhlmann. 

World Engineering Congress 

TOKIO. 3ATAK. OGTOBER-NOVEMEER 

The date of departure of the main body of American engineers 
who will attend the above mentioned Engineering Congress is 
rapidly approaching. During the past two months a consider¬ 
able number of foreign engineers hav^ been arriving in the 
United States to join the American delegation, which sails from 
San Francisco October 10. Instead of proceeding directly 
eastward, the Europeans are taking this opportunity of visiting 
the United States and idspecting the various engineering and 
industrial organizations. 

The New York City Committee headed by Roy V. Wright, 
President of the United Engineering Society, made careful plans 
for the reception of the European visitors and for their enter¬ 
tainment while in New York. The first arrivals included 
Doctor Karl Koettgen, President, and Doctor Konrad Matschosa, 
Director, of the Verein Deutscher Ingenieurs. Other arrivals 
have included engineers from England, France, Germany, 
Sweden, Denmark, Italy, and Belgium. The total number of 
Europeans passing through New York on their way to Tokio 
will be approximately one hundred. The American delegation 
will constitute about 250 members. 

A dinner was given at the Engineers Club in New York on 
the evening of September 12, in honor of the European delegates 
who were in New York at that time. Doctor Elmer A. Sperry, 
Chairman of the American Committee, presided. Doctors 
Koettgen and Matschoss were the principal speakers of the 
evening. • • 

Various other dinners and luncheons have been given in honor 
of the visitors. ♦ • • 

On September 18, Doctor Koettgen gave a luncheon in New 
York to about forty representatives of the various engineering 
societies. • 

A farewell dinner in honor of the American and European 
delegates to the Congress was given at the Hotel Astor, New 
York, the evening of^T®ursday, September 26.^ The occasion 
afforded a very enjoyable opportunity for foreign and American^ 
delegates to become acqftainted. The spealcers were: Mr. 
G. S, Daviadh (toastmaster), Mr. Frank Gill, of England, Sena- 
tore Luigi Luiggi, of Italy, Mrs. Rgy Wright, Chairman of the 
New York Ladies Reception Committee, Mr. Gano Dunn, and 
Mr. Elmer A. Sperry, Chairman of the American Committee of 
the Congress. ♦ 

The greater number of both the Americans and Europeans 
will depart from New York in a special train on the morning of 
October 2, reaching Washiiijgtdn the same afternoon and visiting 
President floover, Honorary Chairman of the American 
Committee, cet the White House. The same evening the Japa¬ 
nese Ambassador will be the host at a dinner at the Mayflower. 
The next day the special train will continue its^way westward 
where various events for the entertainment of the visitors have 
been arranged by the local committees of engineers in Chicago, 
JjOS Angeles, and San Francisco. The train will stop one day 
at the Grand Canyon.. 

The delegates will sail from San Francisco October 10 on 
the President Jackson of the DoUar Line and the Korea Maru 
of the Nippon Yusen Kaisha. All accommodations on these 
t^o ships having been reserved some weeks agp, it was necessary 
for some 6f the delegates to take otfler steamers from Seattle 
an<f Vancouver. • ^ 

The list of A. I. B. E. melnbers who are planning to participate 
in the Congress includes:—Messrs. Harry Alexander, M. W. 


I 








. Oct. 1929 

Alexander, Ivan F. Baker, Axef F. Bnstrom (Swedijn), H. B. 
Gear, Frank Gill (London), Clotilde Grunsky, F. C. Hanker, 

E. M. Herr, Maurice Holland, F. L. Hutchinson, D. C. Jackson, 
B. G. Jamieson, Frank B. Jewett, Paul M, Lincoln, O. C. Mer¬ 
rill, W. S. Murray, L. A. Osborne, H. G. Reist, Calvin W. Rice, 
David B. Rushmore, Wellington Rupp, R. F. Schuchardt, 
Chas. E. Skinner,*Elmer A. Sperry and Chas. W. Stone. 

An executive committee of the A. I. E. E. group was appointed 
by President Smith, in accordance mth the authorization of the 
Board of directors, consisting of Messrs. F. B. Jewett, Chairman, 

F. L. Hutchinson, D. C. Jackson, R. F. Schuchardt and C. E. 
Skinner. 

The program to be^presented at the Congress inchides a large 
number of papers on alj branches of engineering. The complete 
list of these papers is not yet available. 

New York Electrical Society to Hear About 
Hudson River iBridge 

The extraordinary problems and massive figures of construc¬ 
tion involved in the building of the mighty Hudson River Bridge, 
largest suspension bridge in the world, will be the subject of the 
next meeting of the New York Electrical Society, to be held in 
the Engineering Auditorium, 29 West 39th St., on Wednesday, 
Pctober 16th, at 8:16 p. m. Edward S, Stearns, Assistant to the 
Chief Engineer of Bridges of the Port of New York Authority, 
will be the speaker. Mr. Stearns will not only have slides to 
illustrate this lecture, but also plans to show a complete set of 
motion pictures of the progress of construction. Of even greater 
appeal will be the carefully detailed and proportioned series of 
models of the bridge, bridge approaches, cable cross-sections, 
etc., which the speaker will use to emphasize more sharply the 
many features of his talk on this enormous undertaking. Prom 
these models, built by the engineers to aid them in the study of 
traific and construction problems, an unusually clear idea of the 
actual conditions to be observed at the <^mpletion of the g^eat 
span can be gained. 

On Saturday afternoon, Ocjober 19th, the members and guests 
of the NeT# York Electrical Society will take a special trip to the 
Hudson River Bridge in busses, from som^ given point of de¬ 
parture, and in ordei^to gain a final idea of the enormity of this 
work, will be taken ^ small parties with guides over both the 
New York and New Jersey properties. Of particular interest 
will be the opportunity fo watch the wii«-spinning operations, for 
which arrangentents are being made fior obiJervation from a special 
'point of vantage^ • ^ • 

There will be a charge to cover bus fare, etc. PuU details may 
be obtained from the Secretary P. M. Delano, 29 West 39th St., 
N. Y. 
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subjects of power-plant problems, low-temperature carboniza¬ 
tion, industrial fuel problems, the domestic heating situation, 
stokers, and smoke abatement. Over thirty papers are scheduled. 


I STANDARDS 


New Standards Binder Available 

A new A. I. E. E. Standards binder has just become available 
which it is felt will be more effective than its predecessor from 
every point of view. In appearance it is similar but is consider¬ 
ably less bulky. At the same time it not only holds the present 
entire set of A. I. E. E. Standards and Reports but there is still 
room for quite a number of additional pamphlets. Two steel 
bars are passed through punchings in the pamphlets. They are 
held firmly in place, yet it is much easier Jo in^rt either a whole 
set or an individual pamphlet. All pamphlets are now issued 
properlj^ punched to fit the new binder. No clips nor rods are 
necessary. The price has not changed; it is $1.75 per binder. 

Standard Dimensions for Polyphase Induction Motors 

There is before the American Standards Association a proposal 
for adoption as American Standard, a table of dimensions for 
polyphase squirrel-cage open type general purpose induction 
motors, 60 cycles, 110-220, 440 and 550 volts. This covers^ 
motors of all types of bearings, from one-half to 30 hp. and 
speeds of 900, 1200, and 1800 rev. per min. This proposal is» 
being put forward by the National Electrical Manufacturers 
Association, whose Standards Committee approved the table 
September 11, 1929. For copies of this table apply directly to 
N. E. M. A. headquarters, 420 Lexington Ave., New York, N. Y. 

Symbols for Hydraulics 

# M 

An American Tentative Standard on “Symbols for Hydraulics** 
which was approved by the American Standards Association on 
July 10, 1929 is now available in pamphlet form. This was 
developed by the Sectional Committee on. Scientific and Engi¬ 
neering Symbols and Abbreviations. A copy of the Standard, 
may be obtained at a cost of 35 cents by writing to headquarters 
of American Society of Mechanical Engineers, 33 West 39th St., 
New York, N.*Y. 

Navidational and Toppdi'apbical Symbols 

A subcommittee of the Sectional Committee on Scientific 
and Engineering Symbols and Abbreviations has completed a 
report on Navigational and Topographical Symbols. This report 
is now up for approval by the sponsor bodiea and will then be 
offered for approval as American Standard under the procedure 
of the American Standards Association. 
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TJbe National Fuel Meeting to be 
Outstanding 

The Third National Fuels Meeting held under the auspices of 
the Fuels Division of The American Society of Mechanical Engi¬ 
neers will open on the morning of October 7th injjhe Bellevue- 
Stratford Hotel, Philadelphia, Pa., and continue through the 
10th, with one of the most outstanding program's ever arranged 
by the Fuels Division. 

There is every expectation that this meeting will set a new 
mark in quality of papers and in attendance, for, in line with its 
announced purpose of making these conferences fuels forums* 
where all engineers may come for* aid and for the exchange of 
experiences, there has been a real effort to obtain constructive 
recommendations from organizations interested. 

Thesesuggestionshavebeen of inestimable value to the4Progra«a 
Committee and it ffbpes foy stimulating effect for fuuture meetings 
and for engineers in general, regardless of their society affiliations. 

^ The technical program win be contributed to by specialists 
in the fields of fuel production and utilization, on the general 


The Pacific Coast Convention 

SANTA MONICA. CALIF.. SEFTEMKER 3^, IASS 

The eighteenth annual Pacific Coast Convention was held at 
the Miramar Hotel, Santa Monica, Calif., September 3-6, 1929, 
with the Los Angeles Section acting as host. The total atten¬ 
dance was approximately 440, and there were many very favor¬ 
able comments regarding the quality of the technical programs 
as*well as the attractiveness of the entertainment features. 
In the eighteen papers presented at four of the technical sessions, 
subjects of a wide variety were discussed, and an interesting 
illustrated address wa# given on Wednesday evening by Doctor 
William V. Houston of the California Institute of Technology. 

* Student Activities 

The technical sessions on Tuesday afternoon and Thursday 
forenoon were devoted to the presentation of technical papens 
prepared by engineering students in the Pacific and Northwest 
Districts. Under the approval of the Board of Directors granted 
in 192%, a Jpint Conference on Student Activities of the two 










INSTITUTE AND RELATED ACTIVITIES 


Journal A. L E. E. 


Districts was held. More complete reports on all Student Ses¬ 
sions are given in the Student Activities Department. 

Entbutainment 

The informdl reception and dance held on Tuesday evening 
opened the social program of the convention in a most enjoyable 
manner. • 

The principal social event was the banquet held Thursday 
evening with President Harold B. Smith presiding. President 
Smith presented A. I. E. E. prizes for papers in the Pacific Dis¬ 
trict, No. S, for 1928. as follows: 

Regional First Prize— Sphere^Gap and Point-Gap Arc-Over 
Voltage as Determined by Direct Measurement, by J. S. Carroll and 
Bradley Cozzens 

Regional Prize for Initial Paper— Auiomaiic Mercury Arc 
Poiver Rectifier Substation on the Los Angeles Railway, by L. J. 
Turley 

Regional Prizes for branch Paper— The Effect of Barriers in 
J nsutating Oil, by P. E. Warrington 

All of these papers were presented at the 1928 Pacific Coast 
Convention. Each prize consisted of S25.00 paid from the 
Institute treasury and a certificate issued by the District Officers, 
Several vocal selections rendered by Sylvelin Jarvis, lyric 
soprano, contributed much to the evening’s program. L. C. 
Villiams, Chairniah^of the Ladies’Entertainment Committee 
presented two prizes for the ladies putting contest held Thursday 
•morning and seven, for the bridge contest held Thursday after¬ 
noon. As results of a drawing, involving all persons holding 
Ijanquet tickets purchased before a previously specified time, 
three attractive prizes were presented. 

Twelve very attractive and useful prizes were presented by 

arold Thrane, Chairman of the Golf Committee to winners in 
the golf tournament held on Wednesday. The John B, Pisken 
cup afd first prize.—a suit case,—were won by E. W. Rockwell 
ot Los Angeles, C. E. Fleager of San Francisco, Vice-President, 
Distnot No. 8, recemng the second prize,—a set of wooden clubs. 

After Doctor Houston’s address on Wednesday evening, recent 
developments in sound pictures were explained and then illus- 
sound pictures, “Fast Company” and 

Three Live Ghosts.” 

Other events for the ladies were a luncheon and an informal 
weption and bridge on Tuesday, and dancing Wednesday 
evening; also trips to many points of interest. 
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and for tl^e actual conduct of ilne various features of the conven¬ 
tion. The officers of the General Committee and the Chairmen 
of the Subcommittees were; E. R. Northmore, General Conven¬ 
tion Chairman; H. L. Caldwell, Assistant Chairman; N. B. 
Hinson, Chairman Finance Committee; W. H. Hitchcock 
Secretary; Gordon Nott, Subcommittee on Registration; E. r! 
StaufPaeher, Technical Papers; R. W. Sorenseif, Student Technical 
Papers; R. A. Hopkins, Entertainment; J. H. Cunningham 
Publicity; P. B. Dellinger, •Hotels; Harold Thrane, Golf; L. C* 
Williams, Ladies Entertainment; H. H. Cox, Transporlplinn.' 

• — - 

Eminent Hydraulic Engineer Visits 
America , * 

Doctor Dieter Thoma, Professor and Director of the Hydraulic 
Institute of the Technical UniveJsity of Munich, who arrived in 
New York September 16, and who is especiallv well known for 
his work on model studies, pumps, and turbines, will give an ex¬ 
tensive series of lectures at Massachusetts Institute of Tech¬ 
nology, October 2-28 inclusive. Following tliis, he will make 
a tour of the United States, visiting points of special interest to 
hydraulic engineers, and delivering lectures before other engi- 
neering and scientific organizations. 

Doctor Thoma last visited America in 1925, when his travels 
took him as far west as the Pacific Coast. He is a member of 
numerous t^hnical and scientific bodies, among which are The 
American Society of Mechanical Engineers and Verein Deutscher 
Ingenienre. 

... 
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In addition to a considerable number of trips to power nlants 

avaUable on Wednesday all-day 
J C’atalina Island and Mount Lowe, and beginning on 

The 1930 Convention 

J meeting of officers of the A. I. E B the Peeifin 

mend that thp ^^^®-®deeidedtorec<iai- 

land. Oregon, atatimetob^chrenbXpS^dtifto^^^ 

Technical Sessions * 

JoijUjLlsaVprltiotxptS J- 

sincere thanks to Chairman NorthmSeaifv* ^®®“^‘®’ '^®'^ 
the welcome received and the sunerior niJ^ ^ committees for 
A summarized report of the diacusrioifS’rtll'^®?’ i, • 

—s will be pubUshedIn t^November is^ £ Jo“ 

Aluoh prait^ is due the Geiieml Ganv"' 


PALL MEETING ADMINISTRATIVE BOARD 
The call for the fal^ meeting of the Administrative Board of 
^encan Engineering Council has been issued by the Executive 
^cretary, L. W. Wallace. The jn.eeting will be held at the 
Ma:^ower Hotel, in Washington, D. C., October 24-8! 

Tim BxTOUtive Cqpimittee will meet in the office of the Execu- 
fave Se(^tary, 26 Jackson Place, Washii^on, D. C. on Thurs- 
day, October 24. 

The Admnistoative Board will hold its se*ssions in the Jefferson 

X the first session to convene on 

OctY^how o’c second session will open Friday, 

October 25, and the thirif, th6 afternoon of the 85th. * 

attendMe^^ Administrative Board who are expected to 

T Do*otor H. E. Howe, Treasurer; 

T P Secretary; L. P. Alford, O. H. Koch, 

An.«iMV^ ?■ Vice-Presidents; B. P, Wendt, 

M M Engineers; Col. J. H. Finney, 

and r F Earley Osgood, R. P. Sehuchardt, 

neer^' ■^“®rican Institute of Bleotrioal Engi- 

Afirioultursi of the American Society of 

w American Society of Civil Engineers; 

CWlefl S- R- C. Marshal, Jr., 

Societv c\f Elnier Sperry, D. Robert Yafhall, American 
G A r 1 Distri;ts. No. 1. 

•Lim. J H J- S. Dodds; No. 4, 


•a. .u • *f*^*NTMENTS TO THIS ASSEMBLY 
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*P. J, Chesterman *Williani McClellan 

♦M. M. Fowler ♦L. F. Morehouse 

*H. A. Kidder *1. E. Moultrop* 

W. S. Lee Harold B: Smith 

L. B. Stillwell 

r The other nine Institute representatives to the Assembly of 
Council, now in Office for term of service expiring Jamiary 1, 
1931, are as follows: 

H. H. Barnes, Jr. Farley Osgood 

A. Berresford R, F. Schuchardt 

C. 0. Bickelhaupt . Charles F. Scgtt 

F. L. Hutchinson C. E. Skinner 

^ Calvert Townley • 

♦Reappointed. • 

Doctor Hague Visiting Professor at 
Brooklyn Polytechnic Institute 

Doctor Bernard Hague, Principal Lecturer in Electrical 
Engineering at the University of Glasgow, Scotland, has accepted 
the invitation of the Polytechnic Institute of Brooklyn to serve 
as Visiting Professor of Electrical Engineering at Polytechnic for 
the present academic year. Doctor Hague, who has degrees 
from the Universities of London and*Glasgow, is the holder of 
the Siemens Medal for Electrical Engineering and the Henrici 
Medal for mathematics as well as the diploma of the Imperial 
College of Science for Postgraduate Research. He is a member 
of the Institution of Electrical Engineers, the author of several 
standard works on electrical theory and measurements, and is a 
recognized* authority in this field. At Brooklyn Polytechnic 
he will have charge of the conduct of graduate study and research 
in electrical engineering in the new plan now being developed at 
that institution for the benefit of teclinical graduates in the 
metropolitan district who desire to earn advance engineering 
degrees by evening study. 

___ • 

World Power Conference 

* BERLIN. JUNE 1930 

Plans are in progress for a plenary meeting of the World Power 
Conference to be h^ld in Berlin, June 1930. The American 
Committee of the W^rld Power Conference gave a dinner at the 
University Club, New York, September 11, in honor of the 
President, Secretary and other membe^pi of the German National 
Committee. Ghairman O. C. Merrill of the American Com- 
• mittee presided. • ^ • 

The chief aim of this second World Power Conference, which 
it is expected will be attended by delegates from fifty-one nations, 
according to a statement Doctor Koettgen, President of the 
German Committee, is to further the general scientific knowledge 
of the world in matters pertaining to power distribution, opera¬ 
tion and economics. Doctor Koettgen reported that it is ex¬ 
pected that more than 250 papers, including those from America, 
will be presented at the Conference. 

Information regarding the purposes and scope of the Berlin 
Conference may be obtained by addressing 0. C. Merrill, General 
Chairman, American National Committee, WorlS Power Con¬ 
ference, 917.16th St., N. W., Washington, D; C. 

• —j- 

A Highway Safety Campaign 

Stirred to action by the increasing number of deaths by traffict 
the Traffic Committee of the American Road Builders’ Associsr- 
tion is sponsoring its third annual highway safety campagin. 

A survey is being made with a view to ascertaining remedies 
effective in halting this loss of life and it has been found, accord¬ 
ing to the Association, that proper measures for safety lie^ 
the building of highway^ and also with the vehicle^ operating 
over them; tljp greatest blame, according to all previous investi¬ 
gations, may be laid at the door of thd reckless driver and the un¬ 


heeding pedestrian. Pedestrians should obey traffic laws. There 
can be no safety where one group of traffic moves under strict 
regulation with traffic lights and police direction, while, in the 
same area, another group moves as it please^ Traffic laws 
must of necessity be practical and of a nature to speed traffic 
movement. It requires law and the ejiforcement thereof. 


Rosenw^d Industrial Museum 

A Museum of Science and Industry has recently been founded 
at Chicago by Julius Rosenwald. In this will be attempted 
something which has never before been undertalcen in this 
country: to give a unified presentation of the whole field of tech¬ 
nology, industry, engineering, and science on which our modem 
civilzation is based. Electrical engineering, because of its im¬ 
portance in our present civilization, will occupy a prominent 
place in the museum. In addition to the present state of the 
various industrial processes and the scientific knowledge on 
which ^ey depend, it is aimed to show the historical develop¬ 
ment or the same processes, industries, machines, and sciences. 
This is to be done through the medium of models and originals of 
both historical and modern machines, wliich in many cases will be 
cut open to show their construction, and which will be in motion 
whenever possible; and by other exhibits^and displays,.supple¬ 
mented by diagrams and motion pictures. 

This is a large undertaking. The example and experience of 
several European technical museums is available, but the co-* 
operation of American engineers is needed also. 

The following communication from Edward W. Kimbark; 
Assistant Curator of Motive Power and Transportation suggests 
two ways in which the cooperation of engineers might be, 
expressed: ^ 

“First, by informing us of the location of any machinery or 
apparatus of historical value, which might possibly be. aaqijjred 
by the Museum, and by donating such apparatus in their pos¬ 
session. . There are undoubtedly many articles of antique, vin¬ 
tage lying in odd corners of stores and factories, or even on junk 
heaps, oast aside many years ago to make way for more modem 
apparatus. Many of these articles could seive a useful purpose 
if they were brought into the light of day and arranged in proper 
historical sequence with other articles of the same kind, so 
as to make evident to the museum visitor the steps of develop¬ 
ment in a certain field. 

“We have recently learned thal a Newcomen engine stood for 
many years on the shores of Newark Bay and was finally junked 
because no institution would give it a permanent home. The 
big Corliss beam engine that ran the Pullman Works met a 
similar fate. It is quite conceivable that there are still in exist¬ 
ence many of these technical relics, in some inconspicuous corner. 

“We should like to appeal to your readers who may know of 
the location of some invaluable pieces of apparatus which might 
well find a home in the first industrial Museum in America. 
-If so, their communications, addressed to the director of the 
Museum of Science and Industry, 300 West Adams Street, 
Chicago, will be most welcome. 

“A second way in which the engineers of America can be of 
service to us is by giving us suggestions for exhibits and by 
allowing us to call on them for advice.” 

• • • 

1 ENGINEERING FOUNDATION I 

I ^ 
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ALLOYS OP IRON RESEARCH ' ,, 

At a dinner at the University Club the evening of September 2^5, 
H. Hobart Porter, of Engineering Foundation signalized the be* 
ginning of the activities of the Ifon AUo^s Committee’s work to 
obtain basic data on iron and its numerohs combinations with 
other metals and certain metalloids. . JTqtmthstajndipg. the 
rapid progress made during recent. fe^ls 
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that knowledge of the possibilities of iron alloys and steel alloys 
has scarcely more than begun. Much more information is 
needed and to meet this need, data must be collated from lab¬ 
oratories of industries, governmental bureaus, universities, ’and 
other institutions of several countries. These data have already 
found their way into many publications and a score of languages, 
but to many busy men, they are not yet available, and there has 
been a wasteful duplication of effort and loss of time. The Iron 
Alloys Committee has therefore accepted as its first duty the 
culling from present voluminous literature results obtained by re¬ 
searchers, technologists, and engineers, and putting the results of 
this review into monographic form. The second step will be to 
organize and promote researches for new basic information with 
regard to pure iron and its combinations with other substances,— 
not for commercial alloys, but simply for the underlying facts 
essential to all industrial metallurgical laboratories. 

Appointments to this Committee are: George B. Waterhouse, 
Professor of Metallurgy, Massachusetts Institute of Technology, 
Chairmen: George K. Burgess, Director, National Bureau of 
Standards; (Louis Jordan, of the Btireau, alternate^; Scott 
Turner, Director of the United States Bureau of Mines (Charles 
H. Herty, Jr., alternate) R. B. Kennedy, Technical Secretary, 
American Eoundrymen’s Association; H. W. Gillett, Director, 
Battelle Memorial Institute; Bradley Stoughton, Director, 
Metallurgical Engineering Department, Lehigh University; 
Jerome Strauss, Chief Research Engineer, Vanadium Corpora- 
liion of America; T. H. Wickenden, Metallurgical Engineer, the 
International Nickel Company; and John A. Mathews, Vice- 
President of the Crucible Steel Company of America. The Com¬ 
mittee has also enlisted the cooperation of the four national so¬ 
cieties of mechanical, civil, mining, and electrical engineering, as 
well as the American Iron and Steel Institute, the Society of 
Automotive Engineers, the American Society for Steel Treating, 
the Anrerioan Society for Testing Materials, the National Bureau 
of Standards, the United States Bureau of Mines, universities and 
numerous corporations in metallurgical industries. 


VOLUME HI OF RESEARCH NARRATIVES 

’ The new Volume III of Research N^atives, to which pub¬ 
licity was given on page 715 of the September issue of the 
Institute’s Journal, is available at the price of ^one dollar per 
copy by application to the office of Alfred D. Flinn, Director, 29 
West Thirty-Ninth Street, New^ork, N. Y. 

I PERSONAL MENTION 

I __________ 

Joseph Rah, formerly chief engineer of the G & W Electric 
Specialty Company, is now connected with the Delta-Star Elec¬ 
tric Company, Chicago, in a consulting capacity. 

Edmond S. McConnell, formerly Assistant .Electrical Engi¬ 
neer, The American Brass Company, Waterbury, Connecticut, ^ 
has been transferred to Chicago where he has accepted a position 
as Sales Engineer with Anaconda Wire & Cable Company, an 
affiliated company with western offices at Chicago. 

Lyle W. Wickbbshbim, on September 1, 1929, was transferred 
from the Southern California Telephone Company’s General 
Engineering Department in Los Angeles, to the Toll Systems 
Development Department of the Bell^ Telephone Laboratories, • 
Inc., New York City. • 

Gerald Pickett has resigned his position as Junior Material 
Engineer at the Material Laboratory of the Brooklyn Navy Yard 
to accept an appointment as Instructor in Applied Mechanics 
Department at the Kansas Agricultural CoUege, Manhtittan, 
Kansas. ^ ^ 

'George A. Jacobs,* formerly president of the Dudlo Manu-. 
faoturing Company, of which he was the founder, has organized 

the Inca Manufacturing Company, Fort Wayne, Ind., which will 

_ • 


specialize in magnet wires and bondings. Mr. Jacobs graduated 
from Worcester Polytechnic Institute in 1900 and has been an 
Associate of the Institute since 1917. 

Edward L. Beh&ens, who for the past four years has been in 
charge of works engineering for the five General Motors Cor¬ 
poration plants located in Saginaw, Mich, has recently been 
engaged by the Detroit Division of Solvay Process Co. as its 
Electrical Engineer. His capacity is that of consultant to manu¬ 
facturing maintenance*and construction departments. 

Z. H. Hu, who was appointed by the Chinese Government to 
study the telephone systems in foreign countries, left the New 
Jersey Bell Telephone Company in April and has now completed 
his study in'the United States. He will leave for Europe shortly 
to continue his work in England, France, Belgium, Germany and 
Switzerland. 

A. L. O’Banion, who for the past five years has been an instruc¬ 
tor in electrical engineering at Cornell University, has been 
appointed Professor of Electrical Engineering at Clemson Col¬ 
lege, South Carolina, to take the place of Professor S. R. Rhodes 
who has been promoted to Head of the Division of Electrical 
Engineering to succeed Professor Dargan. 

Ernest V. Pannbll, Technical Adviser to The British Alum¬ 
inium Co. Ltd., in New York for the past ten years, will sail for 
England shortly to take over the management of The London 
Aluminium Co. Ltd., Birmingham, England, a manufacturing 
concern specializing in stampings and other fabricated forms of 
aluminum and light alloys. 


Obituary 

Walter Clark FisSh* Electrical Engineer and formerly General 
Manager of the General Electric Company’s Lynn Works, died 
September 8, at his home in Boston, after an extended illness of 
several years’ duration. He was born in Taunton, Massachu¬ 
setts, August 25, 1866f spent .two years at Harvard, and sub¬ 
sequently was graduated from Massachusetts Institute of 
Technology. He joined the Thomson-Houston Copipany at 
Lynn and in laboratory research work was associated with 
Professor Elihu Thompson. In testimonial of the efficiency of 
his work, Professor Thompson asserted thal«“tlirougli hi.s energy, 
skill and care, Mr. Pish contributed muehr toward maintaining 
a high standard for all work done.” In 1888 he was representa¬ 
tive for the Thomson^ETectric Welding Company, in Europe 
where he successfully intrpdhced this method of welding. Two ^ 
years later he returned to ttiis country, continuing his work at 
the Lynn Works of the General Electric Co. as A.ssistant to 
B. W. Rice, Jr., Technical Director of the company. In the 
course of the following years, he was ifromoted to Engineer of the 
Supply Department and Manager of the Lynn Work.s. In 1020 
he resigned from the General Electric Company to ident-^fy liim- 
self with the International Electric Company with lieadquarters 
in Paris, but in 1922 he returned to this country to become 
Consulting Engineer to the General Electric Company, a service 
which invol\^d many important developments in the foreign 
field as well aa in this country. In 1924 he retired from active 
practise. Mr. Kish became an Associate of the Institute in 1891, 
was made a Fellow in 1913 and at his death was a Mombor for 
Life. Pie was also a member of the Boston Engineers Club, 
and other technical societies. 

• Charles Thomas Wri^htt Electrical Foreman of Stevens 
Wood, Inc., Youngstown, Ohio, and an Associate of the Institute 
since 1926, died August 16, 1929 at his residence in that city. 
He was born at Shinns ton, West Virginia, in 1894, and by profes¬ 
sion and practise, was an electrical engineer. During the year 
19t8 he was identified with the Firestone Tire^nd Rubber Com¬ 
pany at Akroi, Ohio, but left that po'sition in 1919 to become 
Tesfing Engineer in charge of instrument calibration, installa¬ 
tion and maintenance for* the Youngstown Sheet and^ Tubtf 
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Company, at Youngstown, Ohio.* He remained with them a year 
and in 1921 joined the Babcock and Wilcox Boiler Company, at 
Barberton, Ohio,, as Estimating Engineer. In 19^2 he became 
afhliated with Stevens and Wood, Inc., in 1923 holding the posi¬ 
tion of Foreman of Electrical Construction of the Toronto Power 
Station in charge of very important work, both there and at the 
Lowellville Power Station. In 1925 he was made Chief Electri¬ 
cian of the Toronto Station for the Pennsylvania-Ohio Power & 
Light Co., constructing, testing and placing in successful operation 
a large steam turbine plant. 

Albert E. Walden, Consulting Engineer who died August 26, 
1929 at his home in New York City, was born at Rockland, 
Maine, August 18, 1872. He was educated in pgblic school, 
intermediate grammar and business college course, with evening 
instruction in electrical engineering at Wesleyan University. 
His first position was as a water boy with a pipe laying contrac¬ 
tor; later, a helper in a tramway hoisting and electric light and 
gas works during vacation periods, • In 1888 the Rockland & 
Thomaston Gas & Electric Light Company engaged him for 
work in the engine-room of the electric light plant and gas works, 
where, until 1890, he was in charge of operation of the plant. 
For six months he was with the Edison Company on the con¬ 
struction of the Rockland, Thomaston & Camden Street Railway 


Company in the installation of engines, generators, tracks, lines, 
car wiring, motors, etc.; another six months were spent with the 
Schuyler Electric Works in the arc lamp, meter, armature and 
electric welding department. From 1891 to 1892 he was Super¬ 
intendent for the Middletown Electric Lighlf Company, at 
Middletown, Conn.; later he joined the Reynolds Engineer¬ 
ing Company, of Hartford, Conn., & Superintendent in charge 
of the construction of lighting and power plants, motor in¬ 
stallations, switchboard, wiring, and as Assistant Electrical 
Inspector. During the period from 1896 to 1906 he was succes¬ 
sively superintendent for many representative electrical con¬ 
cerns, accomplishing important work for each in the irrespective 
fields of activity. From 1906 to 1921 he was with the Baltimore 
County Water and Electric Company as Chief Engineer and 
Purchasing Agent, working for the Mayor and City Council of 
Baltimore in the supervision of new constructions and consulting 
engineering. Finally he was appointed Chief Engineer and 
Executive for the Baltimore County Metjopolitan District under 
the County Commissioners of Baltimore, where this field covered 
an area*of some 200 square miles. Mr. Waldon joined the Insti¬ 
tute as an Associate in 1908 and was transferred to the grade of 
Member in 1918. He was also a member of The American Society 
of Mechanical Engineers and other technical organizations. 


A. I. E. E. Section Activities 


FUTURE SECTION MEETINGS 
NEW YORK BEGINS WITH GROUF IDEA IN OPERATION 

The opening meetings of the new administrative year of the 
New York Section are scheduled for October 22nd and October 
30th. The first meeting will be the regular general monthly 
meeting planned to be of interest to the entire Section 
although at the present time it is not possible to give details. 
These monthly meetings are to be contifiued just as in the past. 
And in addition, twelve group meetings are scheduled for this year. 
The expsJnsion of Seotion*Activities through the development of 
groups was completely outlined in the May 1929 Journal, page 
410. There will b^ four groups actively *at work this year, as 
follows: Power, Communication, Illumination, and Transporta¬ 
tion. A majority of the group meetings will be held in the small 
auditorium on the 5th floor of the Engineering Societies Building, 
New York; k)wever, there are sqverahplanned for other loca¬ 
tions. A complete schedule follow^. • In all probability it will be 
necessary to make some changes in the dates listed during the 
year, but notice of such changes will appear in the Journal and 
by special notice to New YiJ5*k Section members. 

SCHEDULE OP NEW YORK SECTION MEETINGS 
• General and Group Meetings 

Tuesday, October 22, 1929, General Monthly, Auditorium, 
Engineering Societies Building. 

We<hiesday, October 30, 1929, Power Group, 5 , 00 m 1, Fifth 
Floor, Engineering Societies Building. 

Monday, November 4,1929, Transportcftion Group, Fifth Floor, 
Engineering Societies Building. • 

Friday, Nowember 8, 1929, General Monthly, Auditorium, 
Engineering Societies Building. 

Wednesday, November 13, 1929, Communication Group, 
Room 2, Fifth Floor, Engineering Societies Building. ♦ 

Monday, December 9,1929, Povjer Group, Room 2, Fifth Floor, 
Engineering Societies Building. 

Friday, December . 18, 1929, General Monthly, Westinghouse 
Lighting Institute Building. ^ 

Tuesday, Januai^ 7, 1^30, Illumination Group ,^Rojom 2, I^th 
Engineering Societies Building. 

Monday, January 13, 1930, Transportation Group, Room 2, 
Fifth Floor, Engineering Societies Building. 


January 27-31,1930, Winter Convention. 

Wednesday, February 19, 1930, Communication Group, 140 
West Street, New York Telephone Building. 

Friday, February 28, 1930, General Monthly, Auditorium. 

Engineering Societies Building, 

Wednesday, March 11,1930, Power Group, Newark, N. J.* • 
Tuesday, March 18, 1930, Transportation Group, Room. 2, 
Fifth Floor, Engineering Societies Building. 

Friday, March 28, 1930, General Monthly, Auditorium, Engi¬ 
neering Societies Building. * 

Tuesday, April 8, 1930, Illumination Group, Room 2, Fifth 
Floor, Engineering Societies Building. 

Friday, April S5, 1930, Student Branch Committee and General 
Monthly Meeting, Room 1 and Auditorium, Engineering 
Societies Building. 

Wednesday, May 7,1930, Communication Group, Newark, N. J. 
Tuesday, May 13, 1930, Power Group, Room 1, Fifth Floor, 
Engineering Societies Building. 

Friday, May 23,1930, General Monthly, Auditorium, Engineer¬ 
ing Societies Building. 

A glance at the preceding schedule will be evidence that the 
New York Section is going to provide ample opportunity for its 
members to attend many meetings. The groups will devote 
themselves largely to subjects of a technical nature, and an 
effort will be made to encourage discussion, particularly by the 
younger engineers. 

Elie 

October 24. Lightning Problems by H. M. Towne, Pittsfield 
Works, General Electric Company. 

Madison 

October 9. Dinner at Wisconsin Memorial Union Building. 
Professor Edward Bennett, main speaker. Subject: The Inade^ 
guacy of the Public Utilities Law of Wisconsin, 

October 21. Celebration, “Light’s Golden Jubilee.” 
November 29. Diimer—Speaker: Professor Harold B. Smith, 
Presfttent. Subject: The Quest of the Unknown^ a summary of 
35 years’ adventures in high toltages.* Slides. 

St* Louis * 

Wednesday, October 16. Social meeting in celebration of 
“Lig^it’s Golden Jubilee.” 
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PAST SECTION MEETINGS 
* Birmingham 

Ado^ion of by-laws. Election of members of the Executive 
- Committee as follows: J. M. Barry, W. E. Bare, W.*W 
B^ew. A report of the Summer Convention at Swamns- 
eott was given by H. M^oodward, Delegate of the Section 
to that Convention. JV. W. Ballew gave a brief talk on 
his experiences in other Sections of the A. I. E. E. The 
paeeting was preceded by a luncheop. August 2. At- 
tfendanee 26. 

Louisville 

A mating in the form of a lawn party at the home of James 
oiarJc, Jr. ileports of several committees W'cre presented 
Reminticencea of the Electrical Industry Since 1880, hv 
^mes Qark, Jr., of the James Clark, Jr. Electric Company. 
Refreshments were served. July 22. Attendance 3*4. 

» Minnesota 

, Professor W. T. Ryan, Vice-President, Great Lakes District, 
Ipritute activities in the District. New 
Mriho^ tn ths Manufacture of Electrical Machinery, hv 
J. M. Bryant, Umversity of Minnseota. A dinner nreeeded 

election of officers for 
1929-30 were announced as follows: V. E. Engquist, Chairs 
man; D. K. Lewis, Vice-Chairman; Oscar Gaarden, Secre- 
tary-Timsurer:—Executive Committee: J. C. Vincent, 
J. B. Heoht, Andrew Nelson. May 27. Attendance 25! 

Dinner Dance. June* 5. Attendance 84. 


Neb)*aska 

Election it officers ^ follows: D. H. Braymer, Chairman; 
0. E. Edison, Vice-Chairman; W. O. Jacobi, Secretary- 
'IVeasuref. The- Secretary-Treasurer reported that since 
August 1, 1828, the Section had secured 21 new members 
and lost only 4 members. L. F. Wood, Delegate of the 
Section to the Summer Convention, reported upon the 
activities at that Convention. July 9., Attendance 10. 

Seattle 

The OueH ^ the Unknown^ by Harold B. Smith, President 
A. I. E. E.; illustrated with lantern slides. President 
Smith also gave a brief talk on Institute activities. The 
^rsonnel^ of committees was announced. Gt, E? Quinan, 
Vice-President, North West* District gave a brief talk upon 
Institute activities in that District. August 22. At¬ 
tendance 49. 

Spokane * 

The the Unknown^ by Harold® B. Smith. President 

I- Cl®’ the meeting. President Smith was the 

guest of honor at a luncheon ^nd spoke upon the activities 
of the Institute. August 26. Attendance 15. 

• Toledo 

Dinner meeting at Toledo Yacht Club. The following officers 
were elected: E. B. Peatherstone, Chairman; F. H. Dubs, 
Vic^Ch^man; Max Neuber, Secretary-Treasurer; lYed 
Membership Committee. Executive Commit¬ 
tee; 0. P. Rabbe, T. J. Nolan, W. E. Salber. Brief talks 
were given by the newly elected officers and E. B. Feather- 
stone, Chairman-elect, *gave a talk on the past and present 
of radio. June 13. Attendance 25. 


A. I. E* E, Student Activities 


STUDENT ACTIVITES AT PACIFIC COAST CONVENTION 

Technical Sessions 

Dip^tg the Tuesday afternoon session at the Pacific Coast 
Convention held at the Miramar Hotel, Santa Monica, Calif., 
September 3-6, 1929, five papers by engineering students in the 
Pacific and North West Districts were presented. Doctor F. W. 
Maxstadt of the Cal^ornia Institute of Technology presided. 
In a brief address at the opening of the session. President Harold 
B. Smith emphasized the importance of the Branches and the 
benefits that may be received by the students, and described 
briefly the proposed plan for encouraging young nfen to become 
^ Associates immediately after graduation. 

The following program was thdh presented; 

Experience with a Cathode Ray Osdllograpk in a College Lahora- 
tory, by Charles C. Lash, Graduate Student, California Institute 
of Technology. 

Characteristics of^Elecirostaiic Loud Speakers, by F. J. Somers 
and George Mattos, University of Santa Clara—(Presented by 
P. J. Somers). 

High-Voltage Streamers and Gradients, by W. G. Hoover and 
Corbett McLean, Graduate Students, Stanford University— 
(Presented by Gordon Kimball, Stanford University). 

VoUage Distribution on High-Tension Insulators, by Floyd 
Qowaiis and Ned Chapman, University of Utah—(Presented by 
Lorin Moore, University of Utah). 

Voltage Amplification of the Screen Grid Tube as an Intermediate 
Frequency Amplifier, by Prank Giovanini, Graduate Student, 

^ University of Washington—(Presented by K. E. Hammer,* 
University of Washington). 

Professor P. S. Biegler, Counselor, University of Southern 
California Branch, presided at the Thursday morning session, at 
which the six Student papers named below were presented: 

Influence of Rotor Impedance on the Starting Characteristics of 
Squirrel Cage Induction Motors, by Andrew V. Hacfi, Graduate 
Student, California Institute of Technology. 

The Heating of Copper Conductors by Transient Electric Cur- 
ren^, by S. O. Rice, Oregon State College—(Presented by B. G. 
Grififith, Oregon State College). 


Study of ike Losses j.n a 25,000-Kv-a. A-c. Generator, by J. G. 
Pleasants and M. Tucker, University of Southern California— 
(Presented by J. G. Pleasants). 

The Operation of Synchronous Motors in Series, by Carl R. 
Koch, Graduate Student, Stanford University—(Presented by 
H, E. Hill, Stanford University)! 

Power Losses by Radiation from Domestic Hoi Water Tanks, by 
B. D. Wailes, University of Washington—(Presented by Ernest 
Engle, University of Washington). 

Cycle and Transie-nt lUuminaiion of incr^ndesceni Lamps as 
Measured by the Photoelectric Cell, by Zed J. Atlee and Ralph 
W. Mize, Oregon State CoUege—(Presented by B. G. Griffith, 
Oregon State College). ^ • 

The papers at the two tessiops were well presented, and some of 
them aroused a eonsiderablfe ^mount of discussion by both stu¬ 
dents and practising engineers. The sessions were well attended 

bv reDresentA.t.iVAa nf Vinf-Vi 


Conference on Studen*? Activities 

Following the plan which has been in effect since approved by 
the Bowd of Directors in 1927, a joint Conference on Student 
Activities of the Pacific and North West Districts was held. 
Nearly all Branches in the two Districts were represented by their 
Counselors and Chairmen. The Conference which was opened 
after the teehifical session on*Tuesday afternoon was continued 
at dinner and <»neludeckby a session late Thursday afternoon. 
Professor J. C. Clark, Counselor, University of Arizona Branch 
presided. 

The following program was presented: 

The Student Branch as an Employment Agency, by Professor 
F.,0. McMnian, Counselor, Oregon State College Branch. 

Organization and Conduct of Branch Meetings, by Professor 
L. E. Reukema, Counselor, University of California Branch. 

Maintenance of Interest in Student Branch Meetings, Professor 
T. H. Morgan, Counselor, Stanford University Branch. 

Sfadent ^Branch Membership, by Professor „S. G. Palmer, 
Counselor, Uhirersity of Nevada Branch.*' 

Stunent Papers, by Professor J. C. Clark, Counselor. University 
of Arizona Branch. “ ^ , 
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The Duties of a Branch Counselor, by Henry H. Henline 
Assistant National Secretary. * 

In Professor McMillan’s report and extended idisciission on 
this subject, the importance of establishing definite cooperative 
relation? for the summer employment of engineering students 
was strongly emphasized. As a result of the recommendation 
made the 1928 Conference on Student Activities at the 
Pacific Coast Convention in Spokane, a conference of the officers 
and Counselors of District No. 9 wfth th-i. representatives of the 
larger coijpanies held in the winter led to the employment dur¬ 
ing the past summer of a considerable number of s^tudents. 

In the presentation of the other subjects and in the discussion 
that followed, considerable emphasis was placed* by various 
speakers upon certSin ideas connected with Branch work, 
notably the following :*Branches offer excellent opportunities for 
the development of elements of leadership and therefore early and 
full participation should be encouraged; the interest of students 
comes naturally when they fuUy realize the functions of the 
Branches and the benefits received are proportional to the in¬ 
terest; forced methods are not effective as such activities must 
for best results depend upon voluntary effort; student papers 
ring out discussion to an extent not possible when programs 
are supplied by outside speakers; Counselors should assist the 
officers of the Branch by offering general advice and suggestions, 
•but should carefully avoid reducing the prestige of these officers 
by assuming their responsibilities; joint Section and Branch 
meetings with student programs have been very successful in 
several locations in each of the two Districts. 

Following the close of the Joint Conference on Student Activi¬ 
ties, the Counselors of the two Districts met separately and 
elected chairmen of the respective committees on Student Activi¬ 
ties for the current year as foUows: Pacififc District, Professor 
T. H. Morgan, Stanford University; North West District, 
Professor R. D. Sloan, State College of Washington. 

BRANCH OROANIZED AT iCflGHIOAN COLLEGE OP 
MINING AND TECHNOLOGY 

At its Meeting held on June 25, 1929, the Board of Directors 
authorized the formation of a Student Branch at the Michigan 


College of Mining and Technology, Houghton, Michigan. The 
Branch has organized and elected the officers named below: 
Charles P. Sawyer, Chairman 
Howard Kramer, Vice-Chairman 
Berry Q-. Swart, Secretary and Treasurer 
Professor G. W. Swenson has been ^bppointed Counselor of the 
Branch. 

PAST BRANCH MEETINGS 
Tj . University of California 

Business session. Dr. Reukema, Counselor of the Branch 
descnbed his recent trip in the eastern part of the United 
States and in Europe. N. C. Clark, Student, gave a 
summary on experiences of the Branch inspection trios 
tend^ce^fs^^^ lantern slides. August 22. At- 

T .. Drexel Institute 

Tj . University of Loulst«lIe * 

Business meeting. General discussions on plans for 

tlie*Branoli meetings mteresting. July 11. Attendance C 
Airplane Compass Problems, Robert Wyatt, Student, and 
Imlmnt^nis used by the Bureau of Standards, Edward Sutt. 
Student. July 25. Attendance 10. 

E//cc< 0/ Heat on C^m%mion, by .^vin Smith, Student, and 
The Oscillograph, by Charles Habich.Student. Humorous 
reading entitled. Lesson No. 1, and Portland Cement were 
given by Professor John P. Jones. August 8. Attendance 19. 
T?! f > isc University of Pittsburgh • 

Electaon of officers for 1929-30 aa follows: W. A. Aeberlie 
Chairman; K. K. Ely, Vice-Chairman; G. L. Bolenderl 
Secretary-Treasurer. May 10. Attendance 66; 

Ninth amu^ banquet of the Branch held at the University 
Club, Pittebuigh. J. B. Luck, Chairman acted as toas^ 
master The principal address was given by P. J. Chester- 
V* Genei&l Manager, Bell Telephone 
Company of Pittsburgh, and Director of the A. I. E. E. 
Other talks wwe given by Dean Holbrook of the School of 
Enpneer^, Professor H. E. Dyohe, Counselor, j: R. 
Bnttom Chjurman of the Carnegie Institute of Technology 
Branch, and representatives of the four classes in alo«triori 
Atten^^67^ the University of Pittsbiu^h. May 22, 

. University of Santa Oara 

Busmess meeting. August 22. Attendance 29. 


.... 

• *.....mint........ 

En^eering Societies library 

.s __ 

IfOtrary ^ a eooperatim aciwity of the American InsHiuie of Electrical Engineers, the American Society of 
CtvUEn^neers, tl^ Am^an Institute of Mining and MetaUurgical Engineers and the American Society of'Mec^n. 
xc^ Engti^s. Itjs administered for these Founder Societies by the United Engineering Society, as a public reference 
library of en^neering and the aUied sciences. It contains ISO,000 volumes and pamphlets and receives currently 
penudicaZs in iU field. It is housed in the Engineering Societies Building, 29 West Thirty-- 

In order to plow the resources of the Library at the disposal of those unable to visit it in person, the Library is 
T^epared to furnish lists of references to engineering subjects, copies or tranOaUons of artides, and similar assistance. 

Charges sujficient to cover the cost of this work are made* 

The LO^ary maintains a coHeelton of ^modern technical books which may be rented by members residing in North 
America* A rental of five cents a day, flus transportation, is Charged* 

The Director of the Library wiU gtddly give information concerning charges for the various kinds of service to 
those onterM Inching for information. Utters should be ntade as definUe as possibU, so that the investigator may 
understand clearly what is desired. , . ^ 

The li^ary is open from 9 a. m. to 10 p. m. on all week days except holidays fhroughouttheyear exceptdurino 
J my and August when the hours are 9 a: m. to 6 p. m. ’ r v 

TT NOTICES, AUGUST 1"31, 1920 Aluminium, Die Leichtmbtallb und Ihrb Legibrunqbn. 

UuJess otherwise specified, books in this list have been pre- Melchior; im auftrage der Deutschen Gesellsehaft 

sented by the publishers. The Societies do not assumejresponsi- Metallkunde. Berlin, V. D. I.-Verlag, 1929. 280 pp 
bilrty for any statement made; these are taken from ^e preface iUus., tables, diagrs., 8x6 in., <fioth. iS.-r. In. 

J • AT. Ti • • * * ^ handbook on aluminum and magnesium and their alloys 

library ^ ^ ^ consulted m the Engiheenpg Societies which aims particularly to meet the praetioal needs of engine^! 

The m^etallography, ohemistry and physical properties of the 
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metals are described; methods of shaping, finishing and joining 
are explained; and the uses of the metals and alloys for various 
purposes are related. Standards of various countries are given. 
Much scattered scientific information is made conveniently 
accessible to machine builders. 

Ambrixanischb KXltbtbchnik. 

By R. Plank. Berlin, V. D. I. Verlag, 1929. 134 pp., illus., 
tables, diagrs., 8x6 in., cloth, 12.-r. m. 

In this account of refrigeration engineering in America, the 
Director of the Refrigeration Institute at the Karlsruhe Techni- 
nal High School describes modern refrigerating machines and 
their use for ice^making, for producing “dry ice,“ for cold storage 
plants and for cooling air. The data were collected during a 
visit to American plants in 1927. 

DRUCKROHBLBITUNGBN DBR WASSBRKRArTWBJBKB, BnTWURF, 

Bbrbchnunq, Batj und Bbtrieb, 

By Artur Hruschka4- Wien, Springer, 1929. 283 pp., illus., 
tables, diagrs., 9 x 6 in., paper, 23.-r. m. 

This book flima to review the theoretical and practical con¬ 
siderations that govern the design of high-pressure water con¬ 
ductors for power plants, the methods of construction that 
have become generally accepted, and some of the especially 
noteworthy pip^ lines, of the world. The book discusses the 
theory, design, and construction of pipe, pipe fittings and pipe 
fines,''and the operation and maintenance of the latter fully and 
practically. A table of important lines is given, as well as an 
extensive bibliography. 

Elements of Radio Communication. 

By John H. Morecroft. N. T., John Wiley & Sons, 1929. 
269 pp., illus., diagrs., 9 x 6 in., cloth. S3.00. 

Eor^students who wish something sounder and more thorough 
thanu popular texts, and who do not have the time or prepara¬ 
tion for attempting such a text as the author’s “Principles,’' 
Pfbfessor Morecroft has written this elementary work. It 
gives a general review of the necessary parts of alternating- 
current theory, followed by their specific applications to radio 
communication. One chapter is devoted to receiving sets. 

The book, the author says, is sufficiently complete for aU radio 
enthusiasts except engineers specializing in that subject. 

Die ElektrizitXtsversorqung Sowjetrusslands. 

By G. Dettmar. Berlin, Springer, 1929. 19 pp., iUus., 
maps, diagrs., 12 x 8 in., paper, 2.40-r. m. 

A pamphlet describing the present development of the elec¬ 
tric power supply in Russia and the government plana for its 
development. Reprinted from the Elektroteehnische Zeitschrift. 

Evaporating, Condensing and Cooling Apparatus. 

By E. Hausbrand; trans. from 2nd rev. German ed. by A. C. 
Wright. 4th English ed. rev. and enl. by Basil Heastie. N. Y., 
Van Nostrand, 1929. Tables, diagrs., 9x6 in., cloth. $8,00. 

In preparing this edition, the reviser has rewritten the chapters 
dealing with the fiow of steam, water, and air through pipes, and 
has recalculated the tables m the light of recent experiments at 
the National Physical Laboratory. He also includes a summary 
of recent work on heat losses through convection and radiation, 
^nd has added a chapter on modern evaporating plants. These 
" changes, with the thorough revision of the tables and general 
text, make the book of renewed value to designers^of this appara¬ 
tus, who will find here many formulas and tables of service. 

Farm Machinery and Equipment. 

By Harris Pearson Smith. N. Y., McGraw-Hill Book Co., 
1929. 448 pp., illus., tables, 9x6 in., cloth. $3.25. • 

After a brief introductory discussion of the principles of farm 
rnffirchinery, the variofis types of farm machines are described 
and their construction, operation, and efficiency discussed. 
The entire field of American usage is covered. 


Kabbltechnik. • 

By M. Klein. Berlin, Julius Springer, 1929. 486 pp., illus., 
diagrs., tables^ 9x6 in., cloth. 57.-r. m. 

Covers quite thoroughly the manufacture of electric cables 
for heavy and light currents. Materials, design, methods of 
manufacture and testing, cable laying and connecting are 
treated, together with the underlying theory, • The most com¬ 
plete modem account in print. 

Railway Engineerings and Maintenance Cyclopedia. 

Ed. 3, edit, by Elmer T. Howson. N. Y., Simmons-ljoardman 
Publ. Co., 192Q. 1116 pp., illps., plates, diagrs., 12x9 in., 
cloth. $7.00. 

This well-known manual of American rajjroad practise covers 
the construction and maintenance of the i^ed property. Track, 
bridges, buildings, water service, and signaling are covered, 
attention being given to the materials used, the processes of 
construction and operation, and the equipment employed. 
Correct definitions of terms are given, and the latest standard 
specifications. 

Sir Joseph Wilson Swan, F. R. S., a Memoir, by M. E. S. and 
K. R. S. London, Bonn (1929). 183 pp., plate, portraits, 
8x6 in., cloth. 7/6. 

An unusually well written biography. Swan’s inventions in 
photography, electric lighting and artificial silk are described^, 
and a careful attempt made to define accurately his contribu¬ 
tions in these fields. His minor inventions are also recorded. 
Statics, including Hydrostatics and the Elements of the Theory 
of Elasticity. 

By Horace Lamb. 3rd edition. Cambridge, University 
Press, 1928. N. Y., Macmillan Co. 357 pp., 9x6 in., cloth. 
123 6d; $4.25. 

Professor Lamb’s text, based upon his course at the University 
of Manchester, is distinguished by its easy mathematical style 
and its lucid presentation of the subject. Prominence is given 
to geometrical method*, particularly those of graphic statics. 
The new edition has been revised and partly rewritten. 

Story of the Baltimore & Ohio Railroad, 1827-1927. 

By Edward Hungerford. N. Y., Putnam, 1928. 2 v., 372 
+ 366 pp., iUus., portraits, facsims. 9x7^ in., cloth. $10.00. 

Tells in attractive fashion the history of the road from its 
inception in 1827 to the present time. The part played by the 
road in the development^f the locomotive and the evolution 
of railroad practise, it^ ecoimmic influence in thS development ^ 
of the West, and its effect on^the growth of Ballimore are well 
brought out, while the varying fortunes of the road are carefully 
portrayed. A valuable addition to railroad history. 

User den Stromunqsverlust in* GekrAmmten KXnalen 
(Forschungsarbeiten auf dem Gebeite des Ingenieurwesens. 
heft 320). • 

By H. Nippert. Berlin, V^D. I. Verlag, 1929. 67 pp., illus., 
diagrs., 12 x 8 in., paper, 9.-r. m. 

With the support of various German engineering and physical 
societies and*firms, the author has made an extensive investi¬ 
gation of the flow of water in curved pipes and channels. He 
reviews previous investigations of stream flow and losses in 
bends, describes the various factors that determ^e them, and 
investigates very fully the effect of certain of these factors by 
careful experiments. The results are given in graphic charts and 
in photographs of fiow in open channels. 

WiRTSCHAFTSFUHRUNG UND FiNANZWESBN BeI AmBEIKANISCHBN 

Eisbnbahnen; eine Studie, by Ludwig Homberger. 

Berlin, Verlag der Verkehrswissenschaftlichen Lehrmittel- 
gesellschalft, 1929. 103 pp., 8 x 7 in., paper, ^80 r. m. 

A descriptioh of railroad organizatiofl, finance and accounting 
pra(ftise in America, by a director of the German Railroad Com¬ 
pany, based upon first-hand study*and observation. • 
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^ . . ^ ^ /a/ 

Engineering Societies Employment Service I 

..........*. I 


f?^’^^{o/^sfeLlif^inSX'^j{cri^i^VfSS^p^^ ^^¥/' j« ‘»>ailable to 

Uons not fiUed prompUv a» a result of •ntthlfrntfnn «« S „*^"*^***^i •■‘” P®*^ annum, payable %n advance. Posi- 

VOLUNfAW*%NTR?BUTI^S^ J^^ announced herein, as formerly, 

irmted to cooperate tw’tA tfi^So^^ in thr^h the medium of ihis service are 

placement, on L basis of onearul orLhalf p^cduf^firft *¥riy-days after 
Aree per cent of total salary received. Theincome /ordL^Hl^uJVosiiums (of one month or less) 
by the four societies named above will it is honed be suMcient nnt • *<*• ^ finances appropriated 

REPLIES TO ANNO UNCEMEf^f—Re JiATn- maintain, but to increase and extend L Service 
be pressed to Ihehey numer ^^Edl l^h cS^Ji^^ BulleHn, Sd 

to the Employment Service as above. Revl^recJvedb«aJhL^! etamp attached for reforwarding, and forwarded 
fdled wai not be forwarded. ^ received by the bureau after the poeihons to which they rtfer have been 


. POSITIONS OPEN 

BLECTRIOAL ENGINEER, preferably with 
post gtraduate schooling In the electrical branches 
of physics and a few years’ experience in industrial 
research or development, for development and re¬ 
search work with a growing firm In varied fields 
embracing ^control apparatus and vacuum tube 
applications. Apply by letter. Location, New 
England. X-9387. 

ELECTRICAL ENGINEER, who has had* 
broad experience in connection with the design 
and developing of condenser fractional horse 
power. Apply by letter stating age, training, 
and pra4rtlcal experience. Location, Middle 
West. X-9442. ^ 

ELECTRICAL ENGINEER, with one to four 
years’ general experience for work on underground 
cable research, reports and alUed problems. 
Apply by letter giving in detail experience, age. 
and salary expected. Location, Middle West* 
X-9455-C. ^ 

ELECTRICAL ENGINEER, with one to four 
years’ experience for design and test work on 
underground power cables and accessories over a 
large range of voltages. Any type of de^ or 
testing experience desirable. Apply by letter 
’ giving age, experience in detail, and*sald!y ex¬ 
pected. Location, Middle West. X-94M-G 
GRADUATE ELECTRICAL ENGINEER, 
as sales engineer; products are luxating varnishes 
and compounds, and it is necessary for representa^ 
tives to be well versed in the electrical fundamen¬ 
tals. Will be constantly coming in.contact with ! 
electricud engineers of electrical manufacturing ■ 
concerns, electrical men of the street railways, ' 
large Industrials, and the commercial electiic re^ ^ 
pair shops through the country. Apply by letter. 
^®^^a-bout $35 a week. Location, Ney Jersey. ^ 

DESIGNING ENGINEER, having experlepce 
with large electrical manufacturing firm and able ^ 
to independently design electrical maphinAi^ of over ^ 
10,000 kw. Ajj^ly by letter. Location, Europe. 
X-9244-OS. s yv. ^ 

BLBOTRIOAL ENGINEERS, young, recent ^ 
graduates who have had good scholastic standing ^ 
and experience in engineering, construction, and ^ 
operation, or the manufacture of equipment for ^ 
power companies. Capable of doing general 
engineering and station design work. Apply by « 
letter. Location, Middle West. X-8546-0. a 


MEN AVAILABLE 

BLBOTBIOAL "iSNGUMBIiB, 86, college 
graduate, 15 years’ experience h^ design construc- 
^ tion and opeqation of hydrauliq power plants in 
Latin America. Four years superintendent and 


district manager. Speaks fluently, Spanish and 
U French. Personality. Available on shoni notice; 
g foreign countries preferred. B-8693. 
j AMERICAN. Six years sales engineer cover- 
ing U. s. and Canada. Nine years present posl- 
s tion business executive spending most of time in 
9 foreign lands. Age 39, married, steady, good 
r health, enjoys work. Personality that wears, 
thorough sales and business training. Handles 
!• French correctly. Seeks sales engineering or ex- 
I port connection with reliable company. Location, 
j Immaterial. Now on Pacific Coast. 0-5817. 

^ GRADUATE, Electrical Engineer, wide expe- 
) rience in construction, operation, maintenance, 
generating, transmission at 100,000 volts, imder- 
. ground transmission 6600 and 2200 volts, out- 
[ door and indoor substations, miU installations. 
Has had sales and managing experience In Latin 
America and India. Speaks English, Spanish, 

^ German, French, and Hindustani. Location, 
immaterial. Now employed. 0-4222. 

ELECTRICAL AND STEAM ENGINEER, 
30. married, 1923 graduate Electrical Engineer! 
Ten years’ practical experience in design, construe^ 
tion. operation and nuyhitenance of generating, 
transforming, and transmission systems, rewind¬ 
ing and reconnecting a-c. and d-c. motors. 
Government steam license. Speaks technical 
Spanish. Now employed. Location desired. South. 
West, or foreign. 0-6295. 

BLBOTRIOAL ENGINEER. 37. college gradu¬ 
ate, fourteen years’ experience In substation and 
powerhouse design, construction and maintenance 
Last six years superintendent of construction and 
maintenance, for a large pubUc utility on super¬ 
power expansion. Desires permanent position as 
construction superintendent with large holding 
compapy or industry. 0-748. 

ENGINEER, 31, single, with exceptional 
education and technical trdtnlng, desires permar 
neat position. Diversified engineering ejq^erience 
Analytical, development, testing, or research . 
work preferred; work need not be of strictly . 
technical sort, however, if of sound potential , 
value and conducive to Individual develonment. ] 
Opportunlti^ for advancement of primary Im- i 
portance. Location, East. C-6345. m 

RESEARCH ENGINEER, 45, 10 years in i 
charge of design and construction scientific in- ] 
struments for research work ii^ terrestrial mag- 1 
netism. -i^wo yeara’ experimental work on gyro- ] 
compasses; nine y^rs charge of research work < 
and ]ater*promoted to chief engineer in electrical 

concern manufactjiringenlslosed switches, magnetic : 

switches, panel boards, and other control ap j 
paratus. West or South preferred. 0 - 6362 . i 


i BLBOTRIOAL ENGINEER, 20 years’ 

; experience on construction work, design and 
appraisals, as foreman and engineer in charge? 

- At present employed as construction engineer 

- Available on short notice. Best of references! 
i 0-6347. 

I BLBOTRIOAL ENGINEER, 35, married. 

, with technical, business management and account^ 

5 ing training. Twelve years with large public 
■ utmties. Experienced on meters. Instruments 
, and relays, test maintenance, operation, blueprint, 
and station control wire checking. Interested in 
hydroelectric developments automatic substations 
and automatic meter test boards. 0-6320 
ELBOTRIOAL ENGINEER. 33. 

B. S. in Electrical Engineering; years G, B. 
Test; 8 years’ experience with public utilities 
covering construction, estimating, design and 
general engineering on steam and hydro power 
stations, indoor and outdoor substations up to 
220 kv. East preferred. B-8231. 

SALES ENGINEERING EXECUTIVE, 
available October, Novembei*. Electrical Engi¬ 
neer, age 80,«slngle. Successful record as general 
^les manager and sales engineering specialist. 
Development ability with knowledge of circuits 
and applications of small electrical equipment in 
principal Industiles. Location immaterial, free 
for unlimited traveling and, difficult assignments 
B-7924. 

ELECTRICAL AND MECHANICAL ENGI¬ 
NEER, 31, graduate, seven yeai-s’ wide experience 
In design, maintenance, construction, and applica¬ 
tion of equipment with public utflity. steel mfil, 
and manufacture, desires position as chief engineer, 
plant engineer, or otherwise in an executive 
capacity. Thoroughly familiar with both electrical 
and mechanical ends. At present in charge of 
responsible work. 0-1297. 

ENGINEERING GRADUATE, Cornell 1922 
E. E. Degree, desires position, mechanical or 
electrical engineer, preferably with consulting 
firm. E:[q)erlence, one year university instructor, 
five years professor of Electrical Engineering, two , 
years chief engineer of gypsum company ; assisted 
in design and now erecting wallboard plant in 
^ E n g lan d. Location preferred, California. 0-6403 
A-0. AND D-O. DESIGNER, technical gradu¬ 
ate, age 83, married, 9 years’ musuaUy broad ex¬ 
perience in the design of electrical machinery. Has 
initiative and is resourceful. Wishes similar 
position with mamifacuurer of electrical ma¬ 
chinery. <?-6387. 

BLBOTRIOAL ENGINEER, 25, marrTed. 
1929 graduate, in pracrise four years between 
junior and senior years. Two years designing and 
installing municipal electrical Improvements, and 
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developing ^gineerlng advertisiiig literature, 
besides public utility experience totaling four 
years. Aptitude for charts and statistics. Good 
draftsman. Now employed. Desires greater 
responsibility. Loqp.tion, immaterial. 0-6381. 

1926 GRADUATE, 26, unmarried, with thre® 
years* varied experience in railway signal manu* 
facturing organization desires wo^ in Washington, 
D. C., in engineering department, either electrical 
or industrial; or patent department of a progres¬ 
sive organization. Oblective is study of patent 
law. Rate of remuneration not vitally Important 
for few years. 0-6372. 

ELEOTBIOAL ENGINEER, university 
graduate, 40, wide knowledge of electrification 
including hydroelectric generation, substation 
distribution, motor application, lighting and elec¬ 
tric furnaces. Experience covers estimates, de¬ 
sign and layout, constmction, operation and 
maintenance. Desires position with power com¬ 
pany or Industry in engineering or operating di¬ 
visions. B-646. • • 

1929 GRADUATE, electrical engineering* 
desires position which requires some application of 
engineering principles, and does not consist of 
i*outtne work. Three months' experience in power 


distribution work with large power company. 
New York Oity preferred as location, ifbt willing 
to travel, or locate elsewhere. Not Interested In 
sales jobs. C-6408.^ * • 

ELEOTBIOAL ENGINEER, 39, single, 12 
years* experience including central station design, 
equipment manufacture and test expert on control 
systems. Location preferred. New York, 0-3905. 

. ELEOTBIOAL DRAFTSMAN, age 35. twelve 
years designing and engineering experience on 
line of service switches, molded Insulations, meter 
test'devices catenary suspension material, etc. 
Three years sales work and experimental radio 
experience. Available immediately for position 
in Connecticut or Massachusetts. Reasonable 
salary with opporttmity for advancement. 0-6430. 

GRADUATE ELBOTRIOAL ENGINEER, 
1020, with transmission and distribution experi¬ 
ence; also trouble shooter wiih public utility. 
0-6434, 

ELBOTRIOAL ENGINEER, 24, single, 1928 
graduate, desi^ work of more electrical nature. 
Interested in using training not only at purely 
technical work, but as*foundatlon for promotion 
of good will; education of consumer; technical 


sales, servicJI etc. One year industrial experience. 
Available thirty days’ notice. 0-4905. 

OIVIL AND HYDROELBOTRIO ENGI¬ 
NEER, age 37, extensive expeMence In hydroelec- 
tricd evelopments, steam power plants, hydi*aulic 
structures, eic. Late engagement as chief engi¬ 
neer large hydro development on design and con-, 
struction. Oapable executive^ wants responsible 
position. 0-6336. 

RECENT GRADUATE, Electrical Engineer¬ 
ing 1928.* 24, married, desires opportunity with 
public utility or industrial concern in commercial 
or sales work preferably as head of illuminating 
department. .Has done special work in illumina¬ 
tion engineering and has been with public utility 
as statistician since July 1, 1928. Location, 
United States. 0-6446. • 

ELBOTRIOAL BNaiNEER. American, 88. 
married. Speaks Spanish. Recently returned 
from South America. Experienced in organiza¬ 
tion, management of departments, estimate 
design,^ layout, construction, operation, main¬ 
tenance, repair of electrical and mechanical 
equipment used in generating stations, substations, 
industrial plants. As chief engineer or manager 
for small public utility. Location, Immaterial. 
Available reasonable notice. 0-502. . 


MEMBERSHIP —Applications , Elections, Transfers, Etc. 


RECOMMENDED FOR TRANSFER 

The Board of Examiners, at its meeting of 
September 25, 1929, recommended the following 
members for transfer to the grade of membership 
indicated. Any objection to these transfers 
should be filed at once with the National Secretary. 

To Grade of Fellow 

BER^Y, EDWARD B.. Oonsiiltlng Engineer, 
General Electric Oo., West Lynn, Mass. 
FAHY, FRANK P., Consulting Engineer, New 
York, N. Y, 

FIELDS, Manager. Elec. Dept., Union Gas & 
Elec. Co., Cincinnati,*Ohio. 

KSiBNAN, GEORGE M., 3upt,-Pa.-N6w Jersey 


JONES, LAUBENOE D., Designing Engineer, 
General Electric Co., Schenectady, N. Y. 

KERR, E. M., Illumination Engineer, Pacific 
States Elec. Oo.. Portland, Ore. 

KVAAL, ANDREW B., Member of Technical 
Staff, Bell Telephone Laboratories, New 
York, N. Y, 

MILLER, JAMES S., Associate Prof, of Elec. 
Engg., University of Virginia, University, Va. 

MOTT, HAROLD B., Manager,’Engg. and Pro¬ 
duction, Standard Radio Mfg'. Corp., Toronto, 
Ont., Oan. 

NIOSCEL, LEONARD W., District Manager, 
Electrical World and Electrical West, Cleve¬ 
land, Ohio. 


Interconnection-Public Service Elec. & Gas PALUEFF, K. K., Research Engineer, General 


Oo.; The Philadelphia Elec. Oo.; Penn. 

Power & Light Oo., Hazleton, Pa. 

LARSEN, CHRISTIAN J., Consulting Engineer, 

Associated Tel. & Tel. Oo., Ohic^go, Ill. 

SHREBVB, HERBERT E., Technical Repre¬ 
sentative in Europe, American Tel. & Tel. 

Oo. and Bell Laboratories, London, England. 

STOKES, STANLEY, Asst. Vice-President and 
Power Supervisory Union Elec. Lt. & Pr. 

Oo., St. Louis, Mo. 

To the Grade of Member 
ALTHOUSB, ADAM J., Asst. General Manager, 

Metropolitan Edison Oo., Reading, Pa. 

BESSEY, OABL A., Research Engineer, Byllesby 
Engg. & Mgt. Oorp., Chicago, Ill. 

BRIGGS, WALLACE W„ Vice-President and 
General Manager, Grays Harbor Ry. & Lt. 

Co., Aberdeen, Wash. 

CARNEY, JOHN T., Long Lines Engg. Dept,, 

American Tel, & Tel. Oo., New York, N. Y. 

DEAN, HARVEY O., Distribution Engineer, 

. Yonkers Elec. Lt. & Pr. Oo., Yonkers, N. Y. 

DENTON, CHARLES F„ Power Corp. of 
Canada, Montreal, Canada. 

EARLE, R. H., Engineer, Allis-Ohalmers Mfg, 
lV£ilT7Ctxiko6 

EVBNSON, FRANKLIN F., Consulting Engi-®®^*®» foUows Immediately after the 

neer, San Diego, Calif. name. Any member objecting to the election 

GARRISON, FRED, Commercial Engineer. candidates should so inform the 

General Electric Oo., Los Angeles, Oalif. Secretary before ^ctob^ 31, 1929. 

GLEZEN, LEE L., Telephone Engineer, Ameri- Baines, H. A., New England ]^wer O^, Boston, 
can Tel. & Tel. Oo., New York, hfi Y. Mass. 

HAtiE, JOHN 0., Electridil Engineer, Research Blrdwell, 0. T., Louisville Gas & Eled^rlc^Oo., 
Corporation, Bound Brook, N. J. Louisville, Ky. ’ • 

HUNTLEY, H. B., Transmission Engineer, Bomgardner, P. E.. Sr., General Engineering Co.. 
Wisconsin Telephone Co., Milwaukee, Wis. Inc., Reading, Pa. 


Electric Co., Pittsfield, Mass. 

PARTRIDGE, WARREN. Vice-President, 
Utility Oompanies with J. G. White Engg. 
Corp., New York, N. Y. 

RICHARDSON, J. A.,^ Electrical Engineer, 
Westlnghouse Elec. & Mfg. Co., Sharon, Pa. 
BOSENBAOH, SAMUEL, District Distribution 
Engineer, Byllesby Engg. & Mgt. Corp., 
Pittsburgh, Pa. •• 

SHANE, ADOLPH, Professor of Industrial Arts, 
Iowa State College, Ames, Iowa. 
SHETZLINE, ROY A., Engineer, American Tel. 

& Tel. Co., New York, N. Y. 

SPEER, J. L. DAWSON. Transmission and 
Protection Engineer, Chesapeake & Potomac 
Telephone Oo. of Baltimore City, Baltimore, 
Md. 

TUSEA, CLARENCE D., Radio Engineer, 
Atwater Kent Mfg. Co., Phi]adelphIa,*Pa. 

APPLICATIONS FOR ELECTION^ 

Applications have been received by the Sec¬ 
retary from the following candidates for election 
to membership in the Institute. Unless otherwise 
indicated, the applicant .has applied for admis¬ 
sion ai%an Associate. If the applicant has applied 
for direct admission to a grade higher than Asso- 


Brandle, F. J., Southwestern Bell Telephone Oo., 
St. Louis, Mo. 

Oalmus, F. A., Elliott Oo. of Calif., ,San Fran¬ 
cisco, Oalif. 

Campbell, O. H., National Broadcasting Co., 

• New York. N. Y. 

Oasiraghi, P. J., Postal Telegraph Cable Co., 
New York, N. Y. 

Church, E. A., Edison Electric llhunlnaidng Oo. 
of Boston, Boston, Mass. 

Cornish, A. p., Otis Elevator Co., New York. N. Y. 

Day, J. F., Clines Inc., Washington, D. O. 

DeVlvo, T. A., Westlnghouse Elec. & Mfg. Co.. 
Newark, N. 3^. • 

Draper, L. L., Dept, of Water 8c Power, Los 

^ Angeles, Oalif. 

Eales, H. E., Los Angeles fGas 8c Electric Oorp., 
Los Angeles, Oalif. 

Gale. L. J„ New York Edison Oo., New York, 
N. Y. 

Garra'Wi, W. E., Stevens 8c Wood, Inc., Jadcson, 
""Mlchn '* 

Gortoif, W.'S., (Member), Bell T^^ephone Labora- 
torl^, New York, N. Y. 

Harper, P. F., Pacific Tel. 8c Tel. Co., Los Angeles, 
Oalif. 

Hathaway, O. M.,%eneral Electric Co., Schenec¬ 
tady. N. Y. 

Hawldns, G. S., Stomberg-Oarlson Telephone 
Mfg. Co., Rochester, N. Y. > 

Hopkins, T. J., Graybar Electric Oo., Inc., 

• Reading, Pa. 

Hutcheson. L. D., Aluminum Oo. of America, 
PittsJ>urgh. Pa. 

King, E. S., (Member),. Kansas Oity Water Dept., 

^ Kemsas Oity, Mo. 

Kingston, R. L., Mineral County Power System, 
U.' S. Naval Ammunition Depot, Hawthorne, 
Nev. ^ 

MacKenzie, W. A., New York Edison Oo., New 
York, N. Y. 

Martin, S, T., Jr.. General Electric Oo., Pitts¬ 
field, Mass. 

McElroy, O. H., Los Angeles Gas & Electric Oorp., 
Los Anieles, Oalif. 

Mlxter, R. M., General Electric Co., Philadelphia. 
Pa. 

MoUer, N. S., Gibbs & Hill Oo., New York, N. Y. 

Morgan, A., WestemdBlectric Oo., Inc., Kearny, 
N.J. 

Naudasc^r, W. H., Graybar BlecMc Oo., Bead¬ 
ing, Pa. ' 
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Parsons, P. M., Central West PubUc*Servlce Oo 
Omaha, Nebr. 

Peterson, A., Central West Public Service Co., 
Omaha, Nebr.* 

Rogge, H. H., (Member), Westlnghouse Elec. Sc 
Mfg. Co., New York, N. Y. 

•Ryan, J. A., Public Service Commission of New 
York State, New York, N. Y. 

Salowitts, li. W., S. S. Electric Construction Co., 
Roxbury, Mass. 

Sawvel, J. S.. The Toledo Bowling Green 
Soutltom Traction Co., Findlay, Ohio 
Smith, V. P., Eastern Mass, St.-Railway Co. 
Fall River, Mass. 

Stanton, A. N., Geophysical Research Corn.. 
Tulsa, Okla. • 

Stoll, C. C., 8601 Grantley Road, Baltimore, Md 
Strelcher. W., 1360 Madison Ave., New York,’ 
N. Y. • 

Washburn, A. E., Washington Water Power Co, 
Chelan Falls, Wash. 


Wegrin, J. W., Amtorg Trading Coi^t, New York, 
N. Y* 

Welch, E. R., Howard University, Washington, 
1!>. C. 

’Wells, H. B., Los Angeles Gas & Electric Corp., 
Los Angeles, Calif. 

Winner, L., Hammarlund Mfg. Co., New York 
N. Y. 

Zerfass, H. ?., J. H. Mencke & E. F. Abell, New 
York, N. Y. 

Total 46. 

Foreign 

Adams, A, J., Oahu Sugar Plantation Co., Wal- 
puhu, Oahu, Hawaii 

Aldermtn, J. T., Messrs., Oki Electric Co. Ltd., 
Shibaura, Shlba-ku, Tokyo, Japan 

Ayyar, A. V. D., Kanadukathan Electric Supply 
Corp., Ltd., Kanadukathan, Madras Presi¬ 
dency, So. India 

Bernard, A. A., Chlnna Bazzar Road, Guniur, 
South India 


Da Costa, F. B. V., (Member), Sao Paulo Tram¬ 
way, Light Sc Power Co., Sao Paulo, Brazil. 
So. America 

Gelbke, A. W., So. American Development Co., 
Guayaquil, Ecuador, So. America 
Kashyap, H. L., Public Works Department 
Hydro-Electric Branch, Lahore, Punjab, 
India » 

Kraemer, G. I., G. I. Kraemer, Asnieres, Seine, 
France 

Mathur, B. S., Public Works Dept., Government 
of Punjab, BaJawalnagar. Punjab, India 
Middleton, B. W., (Member), Cia de Electricidad 
de la Provlncia Junln Sc San Luis, Junin, 
F. O. P., Argentina, So. America 
Okamoto, S., Yamanashi Higher Technical Col¬ 
lege, Kofu, Japan 

Slbou, B. K., (Member), Hydroelectric Branch, 
Punjab P. W. D., Lahore, India 
Wyse, M. N., (Member), International General 
Electric Co., Inc., Karachi, India 
Yoshida, T., 798 Ikebukuro, Tokyo, Japan 
Total 14 


OFFICERS A. 1. E. E. 1929-1930 


R. F. SCHUCHARDT 

B. B. Merriam 
H. ^ Kidder 
W. t. Ryan 
D. Hull 
G. E. Quinan 


President 
Harold B. Smith 
Junior Past Presidents 

Bancroft Gherardi 
Vice-Presidents 

Herbert S. Evans 
W. S. Rodman 
C. E. Pleager 
E. C. Stone 
C. E. Sisson 


I. E. Moultrop 
H. C. Don Carlos 
P, J. Chbstbrman 
P. C. Hanker 
E. B. Meyer 
H. P. Liversidge 
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DIGEST OF CURRENT INDUSTRIAL NEWS I 


NEW CATALOGUES AND OTHER PUBLICATIONS 

Mailed to interested readers by issuing companies 

Pyrometers. —Catalog 87, 44 pp. Describes L & N poten¬ 
tiometer pyrometei*s. Leeds & Northrup Company, 4901 
Stenton Avenue, Philadelphia, Penn. 

Flexible Couplinds. —Hand Book, 36 pp. Describes and 
illustrates varipus types of flexible couplings. Poole Engineering 
& Machine Co., Baltimore, Md. 

Psychrometers. —Bulletin 2100, 16 pp. Describes Bristol 
recording psychrometers (wet and dry bulb thermometers) for 
determining the relative humidity or atmospheric moisture. 
The Bristol Company, Waterbury, Conn. 

Photometers. —Catalog 60, 20 pp. Describes L & N photo¬ 
metric apparatus for the measurement of illuminat^n and 
brightness, and of reflection and other factors that affect thp 
distribution of light. Leeds & Northrup Company, 4901. 
Stenton Avenue, Philadelphia, Penn. 

Tungsten and Other Metals* —^Bulletin, 56 pp., entitled 
‘ ‘Bare Metals. * * Desaribes the production of tantalum, tungsten 
and molybdenum, numerous applications and possible further 
«^8es. An interesting account of the origin of these rare metaJs 
and their developmeilt is included. Fansteel Products Com¬ 
pany, Inc., North Chicago, Ill, 

Generator Field Temperature Recorders. —^Bulletin 871-A, 
8 pp., on “Temperature Measurements in Generator Rotating 
Fields.” Describes the L & N generator field temperature 
recorder for giving a continuous record of the temperature of the 
winding of a rotating field. Leeds & Northrup Company, 4901 
Sterrtdti Avenue, Philadelphia, Penn. 

^Potentiometer. —^Bulletin 765, 20 pp. Describes the Stu¬ 
dents’ potentiometer. This instrument has been designed for 
teaching the potentiometer principle and for making measure¬ 
ments which will emphasize the advantages of the potentiometer 
ihethod. Leeds & Northrup Company, 4901 Stenton Avenue, 
Philadelphia, Penn. 

Ammeters. —Bulletin 810, 4 pp. Describe^ Roller-Smith 
types TW, FW and STW thermocouple ammeters and milliam- 
meters for direct current and alternating current of all frequen¬ 
cies, including radio frequencies. These instruments incorpor¬ 
ate a new and improved form of thermocouple of very high 
overload capacity and sustained accuracy over a wide range of 
temperature, Rollisr-Smith Company, 12 Park Place, New York. 

Contact-Cable. —Bulletin, 4 pp. Describes the “Nagy” 
contact-cable. Besides performing the fimetion of an ordinary 
cable, that of leading electric current, this new conductor makes 
connection by pressure an 3 rwh 6 re along its length, mthout 
pushbutton or switch. Applications suggested include installa¬ 
tions in buses, street cars, etc., in industries where instantaneous 
stop of machinery is often desirable, for alarms, etc. The 
Bishop Wire & Cable Corporation, of New York, is the manu¬ 
facturer and distributor of the new cable. Contact Cable 
Corporation, 420 Lexington Avenue, New York. 

^ Kelvin Bridge* —^Notebook No. 4,36 pp. The chief purpose of 
this notebook is to provide information that will be of assistance 
in the operation of a Kelvin bridge. The fundamental princi- * 
pies of the Kelvin bridge method for measuring low resistance 
are first explained, and then follows a discftssion of several types 
of Kelvin bridge suitable for different applications of the method. 
Leeds & Northrup Company, 4901 Stenton Avenue, Philadel¬ 
phia, Penn. • 

Motor Generator Sfets. —^Bfflletin 20-301, 4 pp. Describes 
t^o-bearing and four-bearing types of motor generator sets in. 
sizes from to 100 kw. Applications'include constant poten¬ 
tial or constant current storage battery chargers, radio broad¬ 
casting, signal systems, electroplating, emergency lig^ht^ng 
equifJment, welding equipment, etc. Roth Bros. & Company 


(Division of Century Electric Company) 1400 W. Adams Street, 
Chicago, Ill. 

Airport Lidhtind*— Bulletin S. P. 1854, 12 pp. Describes 
Westinghouse lighting equipment for illumination of airports. 
Included in the publication are the lighting requiremcJhts of the 
U. S. Department of Commerce, the candlepower for beacons, 
wattage for boundary lights, obstruction light requirements, and 
the location and intensity of illumination of floodlights and coiling 
projectors. Westinghouse Electric & Mfg. Company, East 
Pittsburgh, Penn. 

Motors. —Bulletin 165, 22 pp. Describes seven types of 
squirrel cage motors undpr the headings of general purpose, 
normal torque across-the-line, low torque across-the-line, high 
torque double squirrel cage, punch press and elevator typos. 
The bulletin is, in the words of the authors, “the first attempt on 
the part of a motor manufacturer to explain to motor buyers and 
users the difference between the various types of squirrel cage 
motors.” It is, in fact, a ghort text book, destined to minimize 
motor-misapplication in industry. Wagner Electric Corpora¬ 
tion, 6400 Plymouth Avenue, St. Louis, Mo. 

Power Gable. —Bulletin, 6 pp. Describes a unique under¬ 
ground installation of American Steel & Wire Company triple 
sheathed power cable for the Tennessee Coal, Iron and Railroad 
Company at Birmingham. The salient features contributing to 
high over-all efficiency of transmission are the comparatively high 
voltage (44 kv.) use^ for transmission; elimination of conduit 
and manholes; joints and reservoirs reduced two-thirds; sheath 
current losses negligible; low initial installation costs. Since 
the completion of this work early in 1928 the three circuits, con¬ 
sisting of approximately two miles of cable, have operated most 
satisfactorily. American SteN & Wire Company, 208 So. 
LaSalle Street, Chicago, Ill. 

NOTES OF THE INDUSTRY 

Waflner Electrief Personnel Ghanfles. —Announcement 
has been made by the Wagner Electric Cotporation, St. Louis, 
that James G. Pattillo, Jr., has been appointed manager of the 
Pittsburgh branch sales office. J. B. Holston has been made branch 
manager of the St. Loifls sales office. A new bra^ich sales office 
at 734 Allen Building, Dafl^,S, Texas, has been opened and • 
Alfred B. Emrick has been pfaced in charge as manager. 

Street Ga# Orders lor Westinflhouse. —Contracts for oar 
equipment in one hundred new streeijsars" have been awarded to 
the Westinghouse Electric & Manufacturing Company by the 
Brooklyn & Queens Railway Company, of Brooklyn, N. Y. The 
motors will be of 35 horsepower and duplicate 1340•similar . 
motors sold to the Brooklyn City Railway Company in 1924. 
The Cleveland Railways Company has placed an order for 100 
new city street cars to be Jiuilt at the Kuhlman plant 'Of the 
J. G. Brill (5ompany. Bach car will be equipped with four 
Westinghouse 80 horsepower motors. 

New Portable Arc Welder by G. E.— A ney portable elec¬ 
tric arc welding machine announced by the G^eral Electric 
Company is driven by a 6-cylinder gas engine, and replaces the 
4-cylind6r engine-driven unit previously included in that com¬ 
pany’s line. Advantages of the 6-cylinder engine are ease of 
starting, steadiness of operation and.greater capacity. The 
welding generator is a ball-bearing, self-excited, single-operator 
machine rated 300 amperes, 1 hour, 50 deg. C. with a current 
range of gO to 375 amperes in accordance with N, E. M. A, 
standards. Included with the set is a currenb-reducing resistor 
by means ol wfiich welding currents down to 25 amperes may be 
obtained. The current can be adjusted simply b^ turning the 
brush-shifting handle. WKen operating so that the potential* 
at the generator panel, including reactor drop, is 25 volts, any 
value of. current can be obtained between 25 and 400 amperes. 
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A Message From the President. 


The Centralizing and Coordinating Agencies 
in the Interrelationships of the Institute 


QEVERAL of the* more important interrelationships pertaining particularly to the 
functioning of various internal activities of the Institute have been outlined briefly on 
these pages in the last three issues of the Journal. With increased growth and scope of the 
Ir^titute, new external connections requiring coordination likewise have arisen. Therefore 
with extension of these contacts, two natural and important influences have been at work’ 
One. due to mternal relations, is both Centralizing and decentralizing. The other due to 
external association, is necessarily centralizing. * 

With the broader geographical distribution of its membership, a decentralizing influence 
within the Institute has ^en recognized, and met, by the establishment of the ten district 
organizations, each provided with its own executives and committees. Each of these ten 
district uriits, ^d possibly others yet to be established, are charged with the responsibility 
of furthering the best interests of its particular district through District meetings, prizes. 
Section and Branch activities, etc. Each one has also the important duty of coordinating 
Its own effort and activity with the centralizing, controlling and coordinating efforts'of the 
Institute^ Board of Directors and Headquarters. This obligation whereby each part be 
cogniz.gi^ of the whole'and the whole cognizant of all its parts has become a most important 
■ iT T? of opportunity for both service'and experience in the interests 

LI *1 mutual effort and ability to meet these problems depends much of the success 
of both the District arid the Institute as a whole. 

Upon the Boaj-a of birectors, through the executive work of Institute Headquarters, 
devolves the duty ribt only of cooperating with and assisting the District organizations but 
ako of centralizing and coordinating the latter’s effort to give to the Institute the most 
emcient org^ization possible. 

Acting for the Board of Directors, the Institute Headquarters, therefore, becomes not 
only the centralizing, coordinating agent of internal relationships, but also the coordinating 
unit of the Institute s external activities. As such, it reaches, here and there, for all that is 
best for the advancement of the theory and application of electrical engineering; the pro¬ 
fession of electrical engineering itself, in this and other countries. Thus only can the Institute 
achi^e its purpose. The Boarcf of Directors and National Headquarters with the many 
ramifications of their work corstitute more than the centralizing, coordinating agency of 
th^Institute. As representing^he membership of the Institute, they become the centralizing 
body, in this country, of the entire profession. This position has been won for the Institute 
Jrough years of earnest devotion to the development of all that pertains to that prof^ion. 
The recognition of this position carries the added responsibility of cooperation with “the 
allied arts and sciences'* here and abroad. * 
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Some Leaders 

of the A. I. E. £. 

P. Junkersfeld, Vice-President of the Stone'and 
Webster Corporation, Associate Member of the Insti¬ 
tute 1901, Fellow 1912, and Vice-President 1916-18, 
was bom near Sadorous, Illinois, October 17, 1869. 
In 1895 he obtained a B. S. degree at University of 
Illinois, and in 1907, E. E. He has engaged in engi¬ 
neering and construction ever since 1895. 

Soon aft^r graduation in 1895, Mr. Junkersfeld 
entered the employ of the Chicago Edison Company and 
its successor, with which interests he remained for nearly 
24 years. Beginning with two years in power plant 
operation, he rose in the organization until, in 1899, he 
became head Of the Engineering Department, and in 
1909, Assistant Vice-President, supervising the con¬ 
tracting, operating, construction, and electrical de- 
p^ments. He was intimately identified with the 
Fisk, Quarry, Northwest, and other steam power 
plants, (aggregating over 600,000 kv-a. when he resigned 
in 1919), and corresponding transmission lines, sub- 
•stetions, distributing system and other physical proper¬ 
ties; he has also engaged in commercial activities, 
particularly electric service and power rating and negoti¬ 
ations residting in supplying power required by all 
elevated and surface electric railways of Chicago. 
He served also in the capacity of consultant, and for 
five years was chairman of a monthly engineering,, 
constructing, and operating conference of various Insull 
pWic utilities in several states. In 1916 he became 
President of the ^Association of Edison Illuminating 
Companies. By ‘Josephus Danids, Secretary of the 
Navy, he was appointed to the Board of Directors for 
Indusrtial Preparedness in Illinois, and was made an 
Associate Member of the Naval Consulting Board. 

He became a member of the Officers’ Reserve Corps 
in February 1917, and on June 7, 1917 began active 
service in the World War, continuing until March 4, 
1919 in the successive ranks of Major, Lieutenant- 
Colonel and Colonel, engaged in the construction of 
cantonments, camps, hospitals, port terminals, ware¬ 
houses, munition plants and oth» war construction 
On July 15th, im Newton D. Bakw, Secretary of War 
presented him with the Distinguished Service Medal. 

In April 1919 he resigned from the Commonwealth 
Edison Company to become associated with Stone & 
Webstw, Inc., of Boston, as Engineering Manager and 
executive of the Construction and Engineering Division 
Curing the Mowing three years, this Division con^i 
structed about 300,000 kv-a. in 14 steam and four' 
hyjhodectric plants and extensions, and'about 20,000 
boiler horsepower in six industrial and steam hating 
boiler plants; he also engaged in industrial work in¬ 
cluding a complete sugar refinery, five rubber works, 
fabric and hosing-works, t> and other industrial and 
general construction developments. 

In Pebraary 1922, he resigned from Stone & Webster. 

a pa^er in the fim McCMten & 
unkersfeld, Inc., En^neers and Constructors, whose - 
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first important work was the design and construction of 
the Caholda power plant for the Union Electric Light & 
Power Co. of Illinois, near East St. Louis, Ill. With 
extensions and commitments authorized, thisplanthasa 
capacity of about 340,000 kw., and a probable ultimate 
capacity of 450,000 k< 7 . It was the second large public 
utility electric pjant .designed to bum exclusively 
pulverized coal. Engineering service was rendered also 
for the Clev^and Electric Illuminating Company on its 
Avon and East 70th Street plants, and engineering and 
eonstrucflon service for the new San FVancisco steam 
^ plant of tfee Great Western Power Co. in California. 
In six years, beginning 1922, his firm did engineering, 
construction, and report work in a total of 21 States and 
three i^ovinces of CSnada, including about 1,200,000 
kv-a. in steam-electric plants, and pulverized coal 
installations totaling over 110,000 boiler horsepower, 
exclusive of various industrial installations. 

On July 19,1928 the firm of McCleUan & Junkersfeld, 
Inc., was merged withithe Division of Construction and 
Engineering of Stone & Webster, Inc., to form the 
Stone & Webster Engineering Corporation, with Mr. 
Junkersfeld Vice-President. 

He has written many technical papers, among them 
Multiple ts. Independent Operation of Power Plants” 
(1901); “Periodic Inspection of Steam Turbines” (1907); 
“Effect of Load Factor on Steam Station Costs” (1921) ; 
“Obsolescence as a Factor in Design of Steam Gener¬ 
ating Stations” (1923); “General Review of Current 
Practise in Steam iPowec Stations” (1924); (The last 
presented before the First World Powct Conference in 
London jointly by Mr. Junkdrsfeld and Mr. G. A. 
Orrok), ^ well as other articles ajid discussions before 
engineering and tedmical associations and printed in 
various publications. * 

He WM firat Presi<^it of the Construction Division 
Assodation;is a Paat-Prgsident of Association of Edison 
Illuminating Compaifiqp,-and Past Vice-President of" 
Western Society of Engineers. He is also a member Of 
The American Society of *Medianical Engineers- 
^CTiean Society of Civil *Engined-s; Nationjd 



Club of New York; the Lawyers’ Club; and the Scam- 
dale Golf Club. 


The Year’Book of the Czechoslovak Electric Associa- 
taon shows that of a total of 457 electric power stations 

companies 

and 146 by manufacturers. The power companies iren- 
erated 719,000,000 kw.-hr. in 1927 with an insMed 
capacity of 396,700 kw. - The total energy generated 
in Czechoslovakia in 1927 amounted to 1,700,000 000 
kw.-hr., which gives an average of 125 kw.-hr. Mmually 

p& ^pita. This is an increase by 12.5 per cent com¬ 
pared with 1^26. 

fh^ are 13,000 miles of high-tension transmission, 
^es m Czech^lovakia and the mileage is increasing at 
the rate of 17.6 per cent a year. , 




Tl^eory of Electrical Conductivity 

Recent Developments 


BY WILLIAM V. HOUSTON* 


Non-member 


Synopsis, This paper explains tKe electrical condiLciinty of 
metala in light of recent discoveries regarding the behavior of 
electrons. It is claimed that these discoveries have made possible 
a satisfaetory theory of conduction. The more important 
discovery is that of the wave nature of the eteetrone. The other 
new discovery is known as Pali’s "exclusion principle’’ which 
stat^ that no two eleetrons in a wire can have exaJiy the same 
velocity and direction of motion. In working out tl^ theory, the 


sMwtieal method of the Fermi distribution function is employed. 

The pap^ shows thiU the theory satisfacUnily explains how there 
may he emissions of electrons from a hot wire in spite of the fact that 
very little energy is put into the electrons by raising the temperature, 
u explains relative resistances of metals and their alloys, the contact 
potential between metals, the thermoelectric effect, the Peltier effect 
and the change in resistance due to a magnetic fiM. 


yearethe attempt has been of e.m.f. causes these electrons tO filfer between the 
fho wn ^ physira to explain all of fixed atoms, and so, to constitute a current On the 

of-IHmate other hand, an ina,iator taaautet^r^Ueh^, o? 

tirely charged parHcIea called prStons, and ot negatively rn^doi’i^ TO givOT a quantotlTe treatment by 
charged particles called electrons. This assumption +rot.« ' others. They started out by 

is based on the experimental fact that it is possiWe to fi,?® *0 tree electrons as though they were alone 
separate positive and negative particles from all kinds exactly as gas molecules,’ 

of matter. The numeri^ value^te r^gfon oS 

particle is found to be the same as that on the other. ^ electrons as an 

Furthermore, the total numbers of protons and elec- t *^**^°^ ^ ^ ^ ®l®c- 

trons are the same, so that there is no electrical charge w of courae an average motion of all 

on the body; but 'the mass of a pro^TsTme Slo 

times as large as that of an electron, so that the weight ^ el^^^ons would -jpove 

of a body is essentially that of the protons. It is foimd •? contmue to 

that all of the protons and about half of the electrons without limit. The lumt is set, however, by 

are gathered together* into small clusters which are atoms themselv^, or more strictly 

the atomic nuclei. These nuclei then have a resultant lTtti^”®’mel^ln 

positive charge, amd are surrounded by enough negative io f colhdes with an ion which 

electrons to make a neutral atom. The number of * tightly bound to its position in the 

positive charges on-the nucleus,.which is the s^e as energy which it 

the number •of electrons around the nucleus is eoual 1 On this account, its 

Uo the atomie number of the rffe^nt S^k^^ <^^ot increase indefinitely. Thus the 

its position in the paiodic system of the elements are ob- 

This method of inteij^reting experimental facts hS Cof^^r ^ 

had such tremendous Access in so many fields that i? ^ 5 ^® of colhsions per second, 

seems almost certain that, in its broad outline, it repre- *, 4 ^ perhaps desu^ble to look at the relative magni- 
sents correctly the constitution of matter. „ *^® <iuantities involved in this picture. 

With this picture, it is relatively easy to account • ^®’^ reasonable assumption that there 


Ireating the free electrons as though they were alone 
in the metal and behaved exactly as gas molecules,” 
moving about with energy due to temperature. Thus 
we come to speak of the group of free electrons as an 
electron gM. If an e. m. f. is applied to such an elec¬ 
tron gas, it starts of course an average motion of all 
the electrons in one direction. If there were nothing to 
interfere with the motion, the electrons would move 
faster and faster, and the current would continue to 
increase without limit. The limit is set, however, by 
the presence of the atoms themselves, or more strictly 
speaking, of the positive ions, which form the crystal 
lattice. When an electron collides with an ion which 
is more or less tightly bound to its position in the 
crystal, the electron loses the extra energy which it 
has ^quired from the fidd. On this account, its 
velority cannot increase indefinitely. Thus the 
collisions of the electrons with the fixed ions are ob¬ 
served as a resistance, and the resistance is proportional 


With this picture, it is relatively easy to account 
qualitatively for the electrical^ conductivity of metals. 
When the atoms are packed as'closely together as they 
are in a metal, the outer and mdt'e loosSly attached 
electrons come under the infiuence of more than one 
atom and Become free. In other words, they cannot 
be identified as belonging to one atom or another, 
md they move about between the atoms with very 
little restra int. Under these.conditions, the application 

♦Assistant Professor of Physios, California Institute of Tech- 
nology, Pasadena, California. 

1. For references see Bibliography. r. ^ 

Presented at thf Pacific Coast Convention of the A, I. E. E., 
Santa Monica, Calif., Sept. Printed comply herein.' 


is one free electron for every atom, there will be about 
6 X 10“ free electrons per cu. cm. When there is no 
e. m. f. applied, these electrons will be moving with 
fairly high speeds in all directions, but the average 
velodty will be zero, so that the electron gas as a whole 
__'vrill not move. This distinction between the velocity 
of a single dectron, and the average velocity of all 
elec^ns, which latter is the current, is the same as the 
distinction between the velocity of the molecules of air 
and ^e velod^ of the air as a whole. The velodty 
of the molecules we recognize as heat, while the velodty 
of the whole we call wind, "^ow the, velodty of a single 
elytron will be of the order of 10 * cm. per sec., while if 
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'U!i6 3rV6rs.g6 y6lo<uty of tho wholo is as grcAt as only ono 
cm. per sec. there will be the tremendous current of 
about 8000 amperes per sq. cm. or about 60,000 amperes 
per sq. in. ‘This shows that the applied e. m. f. pro¬ 
duces only a very minute change in the velocities of the 
electrons. * 

All this, of course, has nothing to do with the propaga¬ 
tion of the e. m. f. along the wire. That is governed 
by Maxwell’s equations and can be explained as a result 
of the mutual repulsions of the electrons. This mutual 
repulsion can be neglected except, perhaps, in the finer 
details of the theory of conductivity. 

Qualitatively, this picture is very satisfactory; but 
there are very ^serious difficulties with the quantitative 
treatment. In thS first place, if there is at least one 
free electron for each atom in the metal, the electron 
^ should have a specific heat about half as large as 
that due to the vibration of the ions which make up 
the crystal. But the observed specific heat is merely 
that of the ions themselves. This constitutes a very 
smous objection to the classical theory, since it in- 
'“di^tes that not enough energy is put into the metal 
.when the temperature is raised to account for the as- 
s^ed increased energy of the electrons. In the second 
place, the number of free electrons which must be as¬ 
sumed to explain the diffo-ent electrical properties of a 
metal varies between such wide limits that the theory, 
IS ^'adently^ inconsistent. Another difficulty is that 
when the resistance is calculated by means of this theory 
It IS found to be proportional to the square root of the 
temperature, which is not at all in accord with the 
observed facts. 

On accoxmt of these difficulties, many attempts have 
been made to give other pictures of the behavior of the 
electroi^ in a metal. Some of th^e have been based 
on the idea that the electibns do not becomie free from 
the atoms, but remain attached and under the influence 
of an applied e. m. f. occasionally pass from one atom 
to the next. In this case, of course, the electrons 
need have no specific heat, since they do not move 
independently of the atom. But it is just this lack of an 
independent motion which makes it difficult to explain 
th6 6missioxi of doctrous from hot wires which we use 
in thermionic vacuum tubes. It is usuaUy thought that 
this IS ^due to the fact that certam electrons acquire a 
very ffigh velodty and so are able to pass through the 
retaining wall of potential which bounds the metal. 
.If there is no motion due to temperature energy, thig 
could not be the case. • 

Thus, until recently, the theory of*the electrical 
properties of met^ contained a number of conflicting 
lyrpotheses, and^ it seemed impossible to form a con¬ 
sistent theory with a few simple assumptions, ^ithin 
the last few years^ two ^portant discoveries have 
<Aang^ the wholeaspect of the situation. Perhaps the 
naore important of these discoveries has been the* 
discovery of the vme nature of the ekOrons. 


For several centuries tfiere have been' two rival ex¬ 
planations of the phenomena of light,—the wave theory 
and the corpuscular theory. During the nineteenth 
century, the weight of evidence became almost over¬ 
whelmingly in favor of the wave theory, but with the 
discovery of the photoelectric effect in 1888, it became 
necessary to use the corpuscular theory, (which has been 
called the quantuifi theory), to explain the phenomena 
of the interaction of light with matter. But ^though 
there have been two theories of light, there has been 
only one *hepry of the nature, of electrons.. Since- the 
very early experiments on cathode.rays, there has beOT 
practically ho doubt as to the nature of electrons. They 
seemed in every way to satisfy the requirements of 
corpuscles of electricity. No one ever thought of 
investigating the wave properties of electrons until it 
was accidently discovered in 1927 that a stream of 
electrons produces a diffraction pattern in the same way 
as a beam of X-rays.’ Many theoretical considerations 
had been pointing toward the necessity of treating 
electrons as waves under some drcumstances. Through 
this experimental confirmation of the theory, we have 
now just os good evidence for saying that a stream of 
ele^rons is a train of waves as we have for saying the 
sams thing abovi a beam of light. The quantum theory, 
which was so called because it seemed to require that 
light should be bi'opagated in corpuscles or quanta, 
has now come to include the requirement that electrons 
should have the properties of waves. This duality 
of nature, of both Jjght and electrons, is now a firmly 
fixed experimental fact, ’it is one of the discoveries 
which has made possible a satisfactory fkeory of 
electrical conduction. 

The other essentially new feaW^e in the present 
theory is known as Pauli’s exclusiqti principle. Ap- 
pKed to the problem in hand, thi§ states that no two 
Sections in a wire jjali be in the same qqpntum state, 
i. e., Ikey cannot have exactly the same, velodty and - 
direction of motion. Al first this seems an outrageous 
restriction, and yet there is a great deal of ^erimental 
evidence in favor of it. It is'the basis of the theory 
of the periodic system of the chemical elements, as 
wdl as the very extensive and satisfactory theory of 
spectra. This prindple, combined with the fact of 
tiie wave nature of the electrons, makes it necessary 
to revise tiie statistics With which we treat the electron 
gas in a metal. 

account of the large number of electrons with 
which we have to deal, it is necessary to use.the methods 
of ^tistical mechanics. There are several different 
yarietite of statistic, each one adapted to dealing with 
a certain kind of object. It is perhaps easiest to charac¬ 
terize the different types of statistics by giving thdr 
distribution functions. These functions give the num- 
bw of dectrons which may be expected to have velod- 
ties in a given range. - '' 

The classical statistics were developed, largely by 
Maxwell and Boltemartn, and are adapted to the treat- 
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ment of material particles. * The distributioi^ function 
for these is 

= Ae-***^*^ d^dnd'!: * (1) 

This means that dn is the number of electrons, on the 
average, whose velocity components in the x, y, and z 
directions lie between f and J + d n and ij + d i,, 
f and f + d f. » is the total velocity, k is the 
molecular gas constant, m the mass of tiie electron, 
and T is the absolute temperature. The curve of this 
function for two different temperatures is^ shown in 
Pig. 1. It is evident from Equation (1), as wellasfrom 



Pio. 1 The-Maxwell on Classical Distbibtttion Plotted 
AS A Function op Velocity 

Pig. 1 that as the temperature increases^ the curve 
becomes more and more spread out,*so that more elec¬ 
trons are found with high velocities. 

The theory of quantum statistics with which we are 
concerned was developed by the •Italian Permi,^ and 
independently by the Englishman Dirac. It is based 
on assumptions which'make it applicable to wave 
motions when the .Pauli exclusion^ principle applies. 
Thus, according .to our latest knowledge concerning 
the nature of electrons, it should apply to dectrons. 
The distribution function in tbis^cAHA is 

, 2m^ J* , * 

“’‘'nr ® 
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where n is the number of electrons per eu. cm. Be¬ 
cause of the very large number of free electrons when 
it ig assumed that there is one per atom, A for ordinary 
metals is about 10“*. Thus, only the case where A is 
very large need be considered. Pig. 2 shows the curve 
of the pCTmi distribution function for two different 
temperatures when A is given this value. A gas for 
which the constant A is greater than unity is called 
degenerate, and the size of A is a measure of the 
degeneracy. 

It is evident from the curve and from Equation (2) 
that in the case of the highly degenerate electron gas, 
the tmperature has only a very slight effect on the 
velocities of most of the electrons. Only the relatively 
few which have the higher velodti^ are affected at all. 
Sinre Jhe temperature has very little effect upon the 
motion of the electrons, it follows that the specific 
h^t of the electron gas is very small; in fact it is 
given by 

Cv = (tt* m k/h^) (8 tt/S RT . (4) 

wh^ R is tiie gas constant for one gram molecular 
weight. For room temperature, Cv is less than 1 pe» 
cent of Ihe value to be expected with the Maxwell 
distribution. This is one of the important successes 
of the present electron theory of metals and was pointed 
out by Sommerfeld’ who developed the statistical 



f’w- 2 —^The Pebmi Distribution Function Plotted as a 
Function of Velocity 

The scale of this flgure Is not at all comparable with that of Mg. 1. 


where the letters have the same significance as in Equa¬ 
tion ( 4 ); fe is known as Planck's constant of action 
and characterizes all equations m the quantum theory. 
The constant A in both functions is determined so that 
the int^al of dn over all posable values of v gives the 
total number of electrons present. In the Maxwell 
distribution function in Equation (1), -A is merely a 
constant bg which the exponential function is multi¬ 
plied, but in the Permi distribution, the size of A 
determmes the nature of the function. If A is very 
much smaller than 1, the first term in the denominator 
is so large that the other ma^ be neglect^. The func¬ 
tion then becomes the same as the Maxwell function. 
But in the opposite case, the functions are, entirely 
diffaent. Th5 value of A, when A is large, can be 
determined from the equation , 

log A = (h*/^ mkT) (B n/8 ir)*/* (3) 


_ • •• 


phase of the theory. Now it can be understood why ihe 
eketron gas makes practieaMy no eontnbuMon to the 
specific heed oj the metal. 

But although the free electrons have a very low 
^edfic heat, they do not have a low energy of agita¬ 
tion. It is merely that this energy i§ not given up 
when the metal is cooled, but is retained and exists 
ut the absolute zero of temperatuce. The average 
velocity of a free electron in a metal is of the order of 10* ' 
cm. per sec. ’ This high velocity and the accompanying 
energy produces aipressure on the surface of the metal 
which amounts to something like 2 X 10‘ atmospheres. 
Eveq with this pressure, however, the majority of the 
elections are imable to escj^pe from the metal because 
of the strong dectric field which easts at the surface. 
But there will always be a few with extra large velocities, 
which can penetrate this surface layer and escape 
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from the metal, and the mimher of these mweases with 
the temperature. 

In Mg. 3, the Fermi distribution function for’the 
degenerate electron gas is plotted with the energy in¬ 
stead of the velocity, for the horizontal aris. Wi repre¬ 
sents the energy at whidi the function has dropped to 
HjWhile irarepresaats tiie energy which an election must 
have to escape from the metal. The dectrons which 
escape are those represented by the part of the curve 
to the right 9f Wa: By calculating the number of elec¬ 
trons represented by this part of the curve, and taking 
account of the various directions in which they are 
traveling, Sommerfeld has shown that the current per 
sq. cm. coming from a hot wire is given by 

I = ( 4 V e m/h*) ¥ T* e (5) 

The. equation derived by Dushman and others i^: 

In Equation (5) (Wa — takes the place of 6 in 

Equation (6). Tljjs shows that the 6 which is usually 
measured and called the work function, is not really the 
^ergy necessary for an dectron to have in order to 
escape from the metal, but is the difference between 
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Fig. 3—The Fermi Distribution Function Plotted as a 
Function op Energy 

this energy and an energy \yhich represents the pressure 
of the dectrons inside the metal. In this way, the 
theory explains completdy why we can get anission of 
dectrons from hot wires in spite of the fact that very 
little energy is’put into the dectrons by raising the 
temperature. 

The outstanding dectrical property of a metal is that 
of conductivity. It was mentioned above that a curraat 
is a rdativdy slow drift of all the electrons under the 
influence of an applied e. m. f. This drift would become 
faster and faster if it were not for the fact that the 
dectrons collide with the metal atoms and so lose the 
accderation they have gained from the fidd. Thus, 
the average gain-in speed and the current is propor¬ 
tional to the time for whidi an dectron can travel 
without a collision. The average distanbe which the 
dectron can travel without making & collision is called 
the mean free path, and this quantity is generally used 
for calculation instead of the mean time between col¬ 
lisions. Sonimerfeld has slmwn that when the Fermi 
statistics is u^d to describe the velocity distribution, 
of the dectrons, the i^dfic c(Hiducti\dty in dectrostatic 
hnits’ is given by ^ 
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ELECTRICAL CONDUCTIVITY Joumal'A; I. E. B. - 

t 7 = (8 IT e*/3 h) (3 n/8 tt)*'* I (7) 

In this equation e is the charge on one dectron, h is 
Planck's constant of action, n is the numbw of free 
electrons per cu. cm., and I is the mean free path 
for those electrons whose «iergy is eqpal to the Wi 
of Equation (6); Z is of the order of 5 X 10"‘ cm. The 
mean free path is, of course, a function of the velocity, 
but only the length of the mean free path at this par¬ 
ticular velocity is ^sential in the conductivity. 

In Equation (7) all of the quantities except I are in- 
d^endent of the temperature, and so we must explain 
tiie fact that resistance increcises With temi)erature by 
the fact that Z decreases witii temperature. It is here 
that the wave nature of the' dectron becomes directly 
apparent. The wavefength of an electron wave is 
determined by the vdodty of the electron through the 
rdation 

X = h/mv (8) 

This shows that the fast^ dectrons have the shorter 
waves. From the Fermi statistics, it can be shown that - 
the free dectrons in a metal have such vdocities that 
practically all of the wavelengths are greater than 
about 6 A or 5 X 10~® cm. They are longer than most 
X-rays. This fact is of importance when we study the 
effect of a crystal upon these waves.® The behavior 
of an dectron in a crystal can be considered from two 
points of view which correspond to the two natures of- 
the dectron. From the corpuscular point of view, tiie 
dectron makes coUi^ons with the atoms in the crystal 
and so is deflected from its path. From the wave point 
of view, the electron wave is diffracted by thq crystal 
in the same way that a light wave is diffracted from an 
optical grating. In the case of electrons in a metal, 
the wave point of view is the correct ope to use. Hence, 
the problem of determining the r^stance of a metal 
is the same as the problem of detemiining t^e scattering 
of the electron waves, bV, the atoms which form the • 
lattice of the metallic ci^tal. 

It is possible to calculate this scattering effect by the 
methods used for calculating tfib diffraction of X-rays 
by a crystal, when proper allowance is made for the 
difference in wavelength. The dectron wavfe are 
longer than the distances between the atoms of most 
crystals, so that if the atoms were really stationary and 
regularly arranged, therd would be no scattering at all, 
and hence, i» resistance whatever. This is not the ex¬ 
planation, however, of the phenomenon of super¬ 
conductivity, nor of the fact that the resistance becomes 
zero when the absolute temperature becomes zero, for 
there is very good evidence that the atoms in a crystal 
are hot stationary, even at tiie absolute zero of tempera¬ 
ture. There are still other ways in which the resistance 
may become za*o, although if there were no motion of 
the atoms in the lattice, it would eertaiifly be zero. 

The thing that produces the diffraction of the dectron 
wavbs and consequently the re^stance is an irregularity’ 
in the arrangement of‘the metallic atoms. This ir-* 
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regularity may come about either through th^ presence 
of impurities wjiich distort thearrangement the atoms, 
or through the motion due to the temperature energy. 
This la,tter effect produces the resistance in pure metals, 
While the first effect explains why the resistance of an 
aUoy is always greater than the i*esistance of at least one 
of its constituents. It is easy, to iipderstand from this 
the rea^n for Matthiessen's rule which states that a 
small amount of impurity causes a smalj added resis¬ 
tance which is . independent of temperature. This is 
plained by the {act that the irr^^ilarity ift the crys¬ 
tal due to the impurity is essentially independent of 
temperature. 

It is possible to calculate the resistance due to the 
heat motion of the metal atom%. This kind of calcu¬ 
lation sh 9 ws that the resistance, in its dependence on 
tanperature, may be closely approximated by 

Bhpropoijionaltol/*.^ (») 

* aJo = 6/T, where 0 is a function of the elastic constants 
of the metal and T is the absolute temperature; a is a 


attention of ph^cists for the past 30 years, has now 
come to the stage where it is possible to treat not only 
single atoms, but molecules and those very large 
molecules which we know as solid bodies. * 

The first extensive application to solids has been the 
electron theory of metal which has been developed by 
Sommerfeld, Hodston, Frenkel, Nordheim and Bloch.^ 
This brief outline has sought to indicate the degree of 
success with which the modem theory of the electron 
has provided a unified treatment of this baffling ph 3 ^ical 
problem. * . 
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measure of the scattering power of a single atom and so 
is characteristic of the metal. Equation (9) shows that 
for ordinary temperatures, tiie resistance is proportional 
to the absolute temperature, while for lower tempera¬ 
tures, it falls off more rapidly than would be indicated 
hy the simple proportionality with temperature. 

The agreement of Equation (9) with the observations 
shows that the knowledge of the'»wave nature of the 
electron has made it possible for the first time to give a 
satisfactory explanaUofi of the way inwhich the resistance 
depends on the temperature. 

In addition ta the phenomena already mentioned, 
there are several»others which are explained in a satis¬ 
factory manner by the present theory. The sudden 
increase of «!resistance, which, always appears when a 
' pure metal is melted, is due {o’the destraction of the 
r^ularity of the crsrstal by the metal. Ilhe atoms in 
the solid have a regular arrangement, to a certain extent, 
while tibe atoms in {be liquid are moving about at 
random. This loss of r^;ularity causes a large increase 
in the scattering of the electron waves and acorrespond- 
ingly large increase of resistance. 


MOTION PICTURE CAMERA IN • 
ELECTRICAL TESTING 
The following brief r63um6 of an article describing 
the use of a motion picture camera in making certain 
electrical tests is given through the courtesy qf Mr. 
Prank E. Fisher, of Chicago. * 

There appears in the February, 1929 issue of Uie 
Transactions of the South African Institute of Electrical 
Engineers an inter&ting article describing the use of p, 
moving picture camera in connection with certain teste 
where meters of the oscillograph or recording variety 
are not applicable. 

The general method is t» mount the meters, which' 
vary with the type of test to be run, on a panel and then 
take moving pictures of the instruments. Thus, the 
data taken by an ampere-hour meter, voltmeter, watt¬ 
meter, frequen<qr-meter, speed indicator, etc., are 
accurately recorded on the film and can be studied at 
leisure. This method obviates the use of a man to read 
each instiounent, thus avoiding the inaccuracy of the 
human elment. 


The fact that the resistance of a non-cubical metallic 
crystal is different in different directions c&n be attrib¬ 
uted to the fact that the atoms* in th^ non-cubical 
crystals can vibrate more easily in one'direction than 
in the others. This causes the difflraction of the 
dectron waves to vary with the direction. The cor¬ 
responding difference in resistance, calculated on this 
basis, agrees very well with the observed differences. 

•A number of other effects, such as the contact po¬ 
tential between different metals, the themoelectric 
effect, tiie Pelj^er effect, and the change in rtisistaace 
due to a magnetic fibld, recdve a consistent* and satis- 
^factory explanation on {he basfe of the Fermi statftties 
and the wave nature of the elwtron. 

The study "of atomic structure, which has engaged the, 


The readings may be taken on 16 mm. or 36 mm. 
standard fihn and many of the cameras on the market 
which have a fairly wide range, can be used. A spring- 
operated camera has be^i tried with good results. 

. The author of the article, who is also the originator 
• of the method of test, suggests various uses for the 
scheme and Illustrates the set-up which was used in 
studying tiie operation of the skip in a metal mine. 
In this case eleven instruments were mounted; T^e 
schwne was originated by Mr. L. B. Woodworth of the 
Central Mining and Invesiment Corporation of South 
.Africa, and the experiments w«e conducted at the Nb. 
14 Shaft of Crown Mine, and were eminently successful. 
The jnethod is also being experimented with by the 
Vfetoria i’alls Power Company. 
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Synopsis* This 'pamper briefly reviews the history of the step- three years is noted, and requirements of the service now being 
by-step died telephone system in small communities of metropolitan rendered are discussed. The equipment is described^ and the 
areasf and notes some of the reasons for its recent, rapidly groxoing methods of operdion and maintenance are given. The affect on 
use in Small towns and communities apart from metropolitan areas, outside plant^budding design, and other inaderUals is discussed. 
The wider appreoiaiion of improved service by the public in the last as are also the results obtained in the use of this telephone system. 


, Introduction 

I N rendering tel^hone service, two systems are in 
graieral use; tiie manual system and the dial s^tem. 
As the names imply, the fundamental difference* 
between these two systems is that in the manual 
system,^ the principal central office op^ations for com¬ 
pleting telephone calls are made by hand, and in the 
<^al system they aremade by machine. Today, dial tele¬ 
phone systems are in useinagreat many places, chiefly 
in exchanges of considerable size with equipment ar¬ 
ranged as a single unit having a capacity of ten thou¬ 
sand terminals or multiples thereof. The idea of 
providing telephone service for the smaller community 
by means of dial system equipment housed in small 
buildiifgs and normally unattended is by no means new 
but its iise in this manner has been limited for reasons 
explained later on. 

It is tbe purpose* of this paper to describe the small 



step-by-step dial, telephone system. First, a brief 
" history of its development is given, followed by a dis¬ 
cussion of some of the considerations whidi led to its 
rather wide use in Southern Califomaa. Thai a des¬ 
cription is given of the equipment employed and its 

1 . Southern Califorrua Telephone Co., Los Angnlpa^ CaEf. 

Presented at the Pacific CoastrConvention of the A.I.E.B., 
Santa Monica, Calif., ‘September S-S, 1929. Complete copies 
Upon request. 


operation and maintenance. The exchanges specifi¬ 
cally referred to are located in the area shown in Fig. 1. 
Reasons foe Adopting Present System 
More than 15 years ago, there were several small dial 
offices of the step-by-step tsrpe serving portions of the 
Los Angeles and San Diego exdianges. • Then these 
were known as “branch offices” and “automatic sub- ^ 
offices.” Each was in fact a part or an extension of the 
large dial office to which it was directly connected. Fig. 2 



IN 1914 

m 

shows the location oT ^ese offices in the Los Angeles 
exchange at that time.* '"fhe branch offidfe was fully 
attended, anfl while the sub-office was smaller and more 
of a complete unit in itself, it^alsb required rather 
constant attendance. 

The recent growing demand for full 24-hour service 
in progressive communities, and an effort to secure 
greater economy and efficiency in giving better service, 
were probably the motivating forces exerted in pro¬ 
moting in 1926 the iflea of using dial equipment for 
serving the small community with equipment operating 
independent of the larger or nearby exchapge except 
.for trunking and for trouble alarm signals. 

A study was made in the latter part of 1926, and plans 
w^e formulated for installing a modem small dial tele¬ 
phone system in the rapidlj^ growing new town of San 
Clemente, California. Other installations have since 
beep completed so that at the dose of 1929, fourteen 
towns are.similarly equipped. These are shown in 
Fig. 3 and include the following exchanges: 


29-128, 
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Arcadia, Buena Park, Dana Point, Fontana, Imperial, 
La Mesa, Ojai,. Pacific Beach, Piru, Ranchp Santa Fe, 
Reseda, San Clemente, San Ysidro, Vista. 

In addition, the following other small communities 
ih the same ar^ are now served by st^-by-step dial 
telephone systans, each including some of the features 
described herein: . ^ 

Artes^, Barstow, Beaumont, Bellflower, Downey, 
Hynes, Indio, La Habr^, Lynwood,. Mar Vista, 
Norwalk, Palm Springs, Rivera, Victorville. 

Servicb Requirements 

A fundamental requirement in renderiilg universal 
telephone service is to have an operator readily avail¬ 
able to the user in case assistance is necessary in com¬ 
pleting a connection. This precludes the use of a tele¬ 
phone system that is mechanically operated in its 
entirety. In the small dial tdephone system, this 
feature is taken care of by opwators located at a center 
serving usually more than one ex^ange. 

. To insure satisfactory operation when called upon 



Pia. 3—Small Dial OrriCDB, Manval OraBATiNa Obntbrs, 
AND MIjNTDNANCX SnBTION CBNTBBa 

by the subscriber while dialing a number, the equipment 
, requires routine supervision pi its operation at various 
periods. It*also requires at1!totion to predetermine 
defects, potential and actual, that may cabse trouble. 
Therefore, from the aflhndpbint of maintenance, also, 
it is not entirely unattended. 

In addition, successful operation of a dial telephone 
system depends upon* a third, human factor,—^the 
subscriber. The equipment may be designed, installed, 
and maintained properly with an operator readily 
available, but its operation will nof; be a success unless 
the subscriber uses his telephone properly* 

©ESCBIPTION OP THE EQUIPMENT 
The outstanding items of improved central ofiice 
equipment used are line Anders rather tiian line 
switches; self-protecting apparatus which permits of 
omitting heat coils in the battery supply leads; revert¬ 
ing call selectors; 10-pariy code ringing connectors; 
choice of poslpaymait dial or postpayment* manflal 
coin box equipment; ‘trouble alarm signals’extending to 
,the center* from which* the djal ofiice is supervised; 
power plants with start and stop of charging current 


automatically controlled; and ringing machines auto¬ 
matically controlled by selectors for the smaller ex¬ 
exchange and continuously running for the larger 
exchange. 

The regular subscribers' line equipment consists prin¬ 
cipally of line and cufroff relays. Dial coin box sub¬ 
scribers’ line equipment consists of similm' relays and 
associated equipment to famish the necessary tone to 
indicate to the subscriber when to d^osit a coin. 
Manual coin box subscribers’ line equipnjent consists 
of a conc^trating switch of the rotary type to connect 
the line to a trunk leading directly to the manually- 
operated center, and relays similar to those in the 
regular subscribers line. 

In appearance, the line finder is siihilar to an ordinary 
selector, but in addition, it has a commutator and 
associated wiper for level hunting; it is a part of the 
call originating equipment and is used to connect the 
line of a calling subscriber to a first selector. 

Local selectors are of the usual two-wire type uni¬ 
versally used for local or incomiug service. Toll 
selectors also are of the type used in the larger dial* 
ofiice. They are equipped with contacts that close 
with the vertical operation of the switch to operate a 
relay for controlling the start of the ringing machine in 
the offices where continuously run ringing rnftffViinpg are 
not employed. 

Connectors are of the t 3 q)e used for tiie various clpi^ses 
of service, including one-bdl, two-bell, rotary himting, 
10-party code ringing and toll. ’ 

■Where transmission is satisfactory ovm- the local 
train, toll selectors and toll connectors are not provide(^, 

Repeaters are of the usual type. 

Long linq equipment consists of the usual relay, 
resistance, r^eating coil, and condmiser equipment to 
increase the normal impulsing and signaling range of the 
subscribers line. 

The arrangement of the trouble alarm equipment 
includes visual and audible alarms which are extended 
to the adjacent manual operating center! 

Ample testing equipmait, for aU central ofiice equip¬ 
ment and for subscribers’ line and station equipment is 
furnished. 

Distributing frames are of the floor or wall type, the 
protector usually tOTninating the outside cable. 

The relay rack is of the usual channel iron tjrpe, and 
on it are moimted the long line, alarm, and other mis¬ 
cellaneous relay equipment. 

• The power plant includes storage batteries of eithef 
the portable or stationary type, and arrangements for 
facilitating maintenance, such as automatic voltage 
regulators, Tungaf rectifiers, ampere-hour meters for 
the automatic starting and stopping of the charging 
currant, and ringing machines, either continuously 
run n i ng or those controlled*by selectors. 

. When the presMit movement tow^d the wider use^of 
dial equipment for the small community was started, 
it was witii a thou^t that by omitting operators rest 
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rooms, fadlities for preparing lunches, etc., the coitral 
office quarters could be provided at mUch less expense 
than for manual equipment. 

So far, ui& has been made of the standard 11-ft. 
6-in. frames and racks„as in the large dial ^changes. 
Frames of heights 9 ft. in. and 8 ft. 5% in. also 
have been used in some offices. These have required 
rooms with a fairly good ceiling height. As previously 
mentioned, however, it is expected that within a 
short time there will be available an equipment using 


WOMENS MENS BAIT RACKI 

TOILET TOILET 


h ' M"" 

POWER BOI 
MISCELLA N EOUS FRAMES _ I 

^ SELECTO^I^AM ES.' * I 

RJl LINE FINDER FRAMES I 


CONNECTOR HJAMES,_ 


Fig. 6—^Floor Plan, Ojai 

frames and racks limited to 7 ft., together with self- 
contaijjed imits for the mounting of line finders, selectors, 
and wnnectors which will permit of installing eqmp- 
mdnt in rooms 9 ft. in bright. 

The arrangement and fioor space occupied by the 
equipment for one df the exchanges is shown in Fig. 6. 

Some of the earlier offices were not provided witb 
heating apparatus. It has been found nec^sary, how- 
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ever, to place either gas or electric heaters in the 
majority of the small dial offices. When in use, these 
are regulated by thermostatic control and during cold 
or damp weather are operated continuoudy. 

Method op Opisiation 

On an ordinary call, when a dial systan subscriber 
removes his receiver, the line finder automatically 
•connects the line to an idle first selector. The sub¬ 
scriber hears the dial tone, which indicates that l^e is 
■connected to a first a^ector^nd that he may dial tbe 
number. The first* digit of the desired number is 
dialed. The selector responding to the dial impulse 
is raised to the desired level, and, finding an idle trunk, 


cuts the line through to the connector. In offices where 
the total terminals exceed 1000, a second selector is 
inserted in file circuit between the first selector and the 
connector. With the dialing of the last two digjts, the 
connector steps up vertically and around horizontally 
until the dialed number is reached, at which time, if the 
line is not busy, the^ringing starts. The ringing tone is 
heard by the calling party imtil the called party answers. 
If the line called tests busy, a busy signal is lieard by 
the calling party. Fig. 7 shows the path of the call for 
a completed connection. If the call^ number is on a 
10-party line, an additional digit k assigned. When 
this final digit is dialed, a minor switch, which is part 
of the connector, operates in a rotating motion and upon 
completion of the ffialing, completes a circuit to relay 
equipment which sends out the required number of 
rings on the tip or ring side of the called line. The 
above method of operation is nearly identical with'the 
method of operation in use in large exchanges where the 
line finder step-by-step type of equipment is employed. 



MANtlHL OPCaows CCNTCR 


Pig. 8—Path op Call fbom Small Dial Officb to Manual 
Opbbating Cbntbb , 

Numbering plan^ consisting of tliree and four digits 
are used in smaDer exchanges, and tho^ of four and five 
digits are used in the larger exchanges. As previously 
stated, where code ringing is used, the last digit indi¬ 
cates the code ring. . 

On out of town calls and assktance calls the sub¬ 
scriber dials *“0” to connect with tihe operator at the 
manual center, as shown in Fig. 8^ and the operator com¬ 
pletes the call to the distant toll point. In handlirig 
assistance calls from the small dial exchangef the 
operator may dial the desired mimber over the r^plar 
paths to test for “busy” or “don’t answer”. Fig. 9 shows 
the path of<an incoming call through the manually 
operated center to a dial system subscriber. 

WThere rotaiy hunting coimectors are not provided, 
private branch exchange service is given b 3 *. iMing all 
.the trunk numbers in the directory. In most small 
exchanges, no intercepting service is given for riianged 
numbers, disconnected numbers, and vacant terminals; 
failure to hear the audible ringing signal is an indication 
to the subscriber tiiat he has selected a vacant levri or 
tenpinal. * 

Reverting calls,— i. e., calls to otber stations on the 
samedine,—are obtained by calling a three-digit number, 
first dialing nine, then the last digit of the calling sub- 
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scnber’s njimber, followed by the last digit of the called 
subscriber’s number. ^ 

. No special provision is made.for absorbing false pre¬ 
liminary impulses other than thht level No. 1 of first 
Selectors is not ordinarily assigned, but is used initially 
as a vacant level. 

Coin box stations are of the multi-slot postpayment 
t57pe. !^cal munbers are dialed from dial coin box 
stations in the same manner as from apy other dial 
station. When the called party removes his receiver 
from the hook, a distinctive tone is heard b^ both par¬ 
ties, which is an indication to the calling party to de¬ 
posit a coin. When the coin is deposited, the tone is 
removed, clearing the circuit and connecting it through 
for the coiiversation. * 

Maintenance 

III the operation of any telephone plant, some mainte¬ 
nance effoi*t is necessary to keep the equipment in good 
workable condition. The proper amount to give a good 
.balance between maintenance effort and tiie quality of 
service rendered is desirable. In the larger central 
offices this is accomplished through systematic methods 
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whereby the equipment is made to function on test on a 
somewhat more stringent margin than would normally 
be met with under the worst, operating condition. 
Tests are nci&de through thednedium of test circuits 
designed to simulate tibe varidu* conditions under which 
the apparatus is designed to function. • 

While the equipfiaeqjli* specified for small dial offices 
is practically the same as that used in large dial offices 
and requires the same treatment, the amount of main¬ 
tenance effort necessary to keep the apparatus func¬ 
tioning, due principally to the low calling rate, is 
considerably less than that reqyired for the large office. 
The routine methods employed in a great many in¬ 
stances are identical, but include some ^edal teste for 
apparatus peculiar to this t 3 q>e of equipment. 

These roiftine teste are made at intervals in propor¬ 
tion to the importance of the apparatus. 

In addition to routine testing, the trouble signals and 
alarms fadlitate mainten£mce of the equipment. 
The. alarm signals are made common and are routed 
over trunks or individual drcuite to the operating 
center to inform the operator of trouble during perid8s 
when no one is present at.the dial office. 

, For the T)urpose of making .routine operation ^d 
observation of the equipment, visits to the small dial 
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office by the maintenance men were first scheduled 
weekly. Later'it was found possible to extend teie 
frequency without causing service reaction, so that the 
minimum period between visits is two weeks. For the 
Reseda Exchange, the equipment routines, require the 
attention of a central office repairman for about five 
hours every two’weeks. Considering the amount of 
equipment involved, the number of cases of trouble re¬ 
corded as a result of routine teste has been negligible. 

Outstanding in conditions noted is the adaptability of 
the central office and outside repairmen, who have been 
trained and have had their experience principally in 
the manual system, to handle quickly the equipment of 
the step-by-step dial system. 

Results Obtained 

• 

, Some of the results obtained that have caused addi¬ 
tional study and action, as well as those that are favor¬ 
able, are recorded in the following matter. 

Outside Plant. Some trouble ha§ been experienced 
from low insulation on open-wire tt^k circuits which 
are in operation between San Clemente and San Juam 
Capistrano, a distance of approximately mi. This 
trouble occurs only in dry climates where tibere is 
considerable dust accumulation and where rains are not 
sufficiently frequent to keep the insulators washed 
dean. Salt spray on the insulators from tiie ocean 
which is nearby also aggravates the situation. ^ This 
condition has been under careful observation and'bas 
been cared for tentatively by scrubbing the insulatots 
with brushes and water at intervals. While final 
condusions have not yet been reach'ed as to the most 
practical way to permanently care for this condition^ 
it is thought that the installation of cable for a portion 
or the entire'distanee may be warranted. 

At Fontana, one of tiie small communities first pro¬ 
vided with dial equipment, rather serious service condi¬ 
tions' existed during the first few months of operation 
due to various outside plant conditions. Winds of 
great velodty are frequent and several of the open-wire 
leads pass through trees. These lines, swinging to¬ 
gether, operated line finders nearly continuously, 
causing unnecessary wear and at times tying up the 
available paths for traffic in the office to an unsatis¬ 
factory degree. This condition was met by rather 
extensive rebtdlding of outside plant and the service 
has been improved to a grade comparable to that of 
large dial offices. In general the small dial system does 
net require any better grade of outside plant than thd 
’manual S 3 ^em. 

Buildings. The^introduction of the small dial office 
has involved the construction of many new buildings for 
the small exchange, thus offering an opportunity to 
improve tbeir appearance. Considerable thought has 
been given to beautifying the outside as well as the 
inside of* the structure. These small dial exchange 
buildings are scattered over a wide area and all condi¬ 
tions <of topography and climate are iqet. 
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Simplicity of Equipment. The avoidance of a multi¬ 
plication of rehn^ents in service and in ways of per¬ 
forming one and the same service are essentials to-be 
kept in mind and closely controlled in the continued 
success of the small dial system. An open-minded 
public and company, both ready to waive the nonessen¬ 
tials for the essentials, have made it 'possible to omit, 
in most cases, features such as intercepting service on 
imconnected terminals, to permit of simplification of the 
plant. 

The small dial system must give satisfactory service 
at low cost and a careful course must be pursued to 
keep down the investment to permit of operating 
economically. 

Psychological 5lsp6c<. Visitors to these small offices, 
who know of the quality of the service in these ex¬ 


changes, *have been impressed with the fact that not¬ 
withstanding the doors being locked; yet as they enter, 
they view in iittmg surroundings a clean nearly perfect 
machine which is functioning continuously with very 
little human aid to give this service. 

Today, the maintenahce man is sure in his own mind 
of what the equipment does and will do in the future; 
he therefore goes about his work expecting th§ proper 
performance of the S 3 ^tem arid it functions accordingly. 
Before experience was gained by actual use, it was the 
natural thUig for all to be looking for ca.uses that would 
prevent proper operation. Now, however, skepticism is 
a thing of the past, the S3rstem has proved satisfactory 
and its permanent use is assured. Pessimism has 
changed to constructi'5'e suggestion which can only 
result in improvement. 
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Transmission and Distribution 

ANNUAL REPORT OF COMMITTEE ON TRANSMISSION AND 

DISTRIBUTION* 


To the Board of Directors: 

The work of the Committee on Power Transmission 
and ©fetribution covers a wide field and may logically 
bOidivided into the following classifications: 

Lightning and surge problems on overhead lines 
Insulator design for overhead lines 
' Design of towers and poles for overhead systems 
Cable development for underground systems 
System connections and stability factors • 
Standardization activity 
Research activity. 

The work carried on this year has been confined to 
the lightning and insulator problems handled by a 
subcommittee under the leadership of Mr. Spom, cable 
development handled by a subconunittee imder the 
direction of Mr. Peterson, and system connections and 
stability factors handled by a subconunittee under the 
direction of Mr. Evans, with Mr. Farmer coordinating 
the standardization activiti^ and the research work 
carried on under tiie direction of a joint research com- 
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mittee working under the auspices of the N. E. L. A. 
UndOTground Systems Committee, Association of 
Edison Illu min a tin g Companies’ Committee on High 
Tension Cable, and the Power Transmission and Distri¬ 
bution Committee oAhe A.'I. E. E. 

The problems arising under Jthe above activities are 
so closely related with similar problems handled by 
otiier committees ef the Institute and other organizar 
tions that considerable attention haS been given to 
coordinating this work so as to eliminate mmecessary 
duplication and at the same time'insure the proper 
handling of all subjfecte.* In light of tiiiS condition, 
yom committee has not initiated any work bn inductive 
coordinatioif and any contid^ation of the interference 
aspect of such subjects is being tied m wijh the work of 
the Joint General Committee and the activity of the 
work on stability factors and interconnection haq, been 
referred to the Committee on Coordination of Institute 
Activities for assistance in subdividing this work be¬ 
tween the various committees. 

A summary of the developments and problems arising 
during the yegtr is covered in the following reports 
from the subcommittees: 

SUBCOMMITTEE ON LIGHTNING AND 
INSULATORS 

PHILIP SPOEN, CHAIRMAN 

General Aspects op the Lightning Problem 
Lightning disturbances on electrie circuits have 
alv/ays been a problem; the importance of these dis¬ 
turbances becomes great» wiii tbe increase of inter¬ 
connecting high-voltage lines tmnsmitting large blocks , 
of power, whidi now form the badcbone of interconnec- ’ 
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tion and in many cases, the basis of economic'*g«i«*a- 
tion. The transmission line therefore l^ecogaes a vital 
link in tiie electric circuit, and lightning, by its adverse 
effect oft its operation, its worst «iemy. The demand 
for more reliably line opM’ation, from a lightning stand¬ 
point, has started investigation and research, begin¬ 
ning with isolated field investigations with crude and 
limited instruments, next laboratory research with the 
lightning generator, and then to field investigation with 
the klydonograph and surge recorder; and finally, to 
the cathode ray oseillograph in both the laboratory and 
field. 

Both the laboratory and field have contributed to the 
solution of. the lightning problem. The laboratory by 
offering complete and easy control of the lightning wave 
has, of course, rendered investigations far more simple 
thanfield research. 
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LiGHTtpNG Progress During 1928 
A large amoimt of data has been provided to indicate 
the magnitude of lightning voltages and .attenuation 
of this voltage and characteristics of traveling waves as 
result of the three cathode ray’oscillographs and the 
numerous Mydonqgraphs and surge recorders which 
have been connected to the s37Btems during the past 
year. Artificial lightning surges have been placed on 
transmission lines, making it possible to observe with a 
cathode ray osdllograph the behavior of the lines under 
various conditions which have considerably accelerated 
the establishment of data of this character. 

Extension in the use of ground wires and the use of 
grading shields on insulator strings has tueen made dur¬ 
ing the past year, and the practise reducing the line 
insulation for a mile or so out from the substation to 
protect station equipment has been extended. 
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Theory, too, has contributed its part in stud 3 dng the 
mechanism of cloud formation and lightning discharges, 
the breakdown of the discharge path, the influence of 
ground wires, the characteristics of the electrostatic 
field, the effect of traveling waves on electric circuits, 
and the shape and effect of different shapes of traveling 
waves on. the insulation strength of the line and the 
connected apparatus. A noteworthy contribution to 
the study by the field is the record’of lightning dis¬ 
turbances and trouble on lines as encountered in actual 
service, together with complete storm data where 
available. ^ 

Finally, an extension of the devdopment has been 
made in combining the laboratory and fidd in the form 
of artificially created lightning imposed on actual trans¬ 
mission lines. C^rt^ problems* thfit prove difficult 
of solution, such .as wave propagation, can best be 
handled that way. . 

Withthisbackgroimd,it is clegrthat the solution of the 
'lightning problem has recdve^'progression accelera¬ 
tion the past few years, and a large amount qf lightning 
data has been secured qpd many of the results pub-, 
lished in the technical press. Even with considerable 
theoretical analysis and the laboratory and fidd data 
available, the lightning problem is not solved. Some 
phases of lightning are o^y partly known, others are in 

dispute, and some are definitdy not known. 

* . 

Committee Program Pianneik 

An attempt will be made to coordinate^a program of 
determiningtnore definitely what is known about light¬ 
ning as affecting electric drcuits. A careful corrdation 
of lightning data and theories which may appear to be 
conflicting should bring forth information that is needed 
in the solution of many of our problems. 

The lightning problem of dectric circuits is primarily 
an insulating problem and consequentiy requires nOt 
only a study of volthge stresses but the'inStallatibn 
{characteristics necessary Jbo withstand these stresses* or 
at least localize the trouble to the least damaging point. 
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Research Work in Progress 
Surge investigation installations afe in progress on 
transmission lines of a number of operating companies. 
Some ten or twdve cathode ray oscillographs are* 
planned to be in operation on actual lines during the 
coming summer. Two or more additional installations* 
to record the performance of artificial lightning are also 
planned for this summer. It is ^ected that this 
extensive program will be very effective in obtaining 
greater amount of information on lightning and surge 
characteristics. * 

SUBCOMMITTEE ON CABLE DEVELOPMENt 

T. P. PETERSON, CHAIR»|AN 

General Statement 

The portion of last year’s Power Transmission and 
Distribution -Committee Report dealing with cable 
developments induddi descriptions of what mi^t be 
considered remarkable advances and great strides in 
the transmission art Of these, the design, installation, 
and operation of 132-kv. oil-filled cable were most 
notable. This year, nothing so sensational is to be 
noted. Practically aU developm^it and improvement 
seem to have bemi characterized by a tendency toward 
review and analysis of easting practises, stabilization, 
and reduction of known methods and prindples to 
economic and practical feasibility. These have ap¬ 
parently constituted the bases for such crudal investi¬ 
gations of paper insulated cable of the so-called solid 
type, sheath corrosion, sheath current mitigation, 
t^peratures of conduits, etc., as ha^e been reported, 
in the technical press throughout the year. The 
fine cooperation and coordination of results evidenced 
by various organizations, utilities, and manufacturers 
engaged in the improvement of cable bids fair toward 
hastening the day of our profound understanding of 
cable and its operation. .. . 

• Research • • 

The annual report of tihe Impregnated Paper Insu¬ 
lated Gable Research Subcommittee gives a compre- 
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hensive picture of the extent of the research activi¬ 
ties which have been greatly expanded during the last 
few years and indicates the spirit of cooperation which is 
now displayed in the industry. 

At Massachusetts Institute of Technology, an exten¬ 
sive investigation of the rate of detw-ioration of wood- 
pulp paper for cable insulation when subjective to heat 
alone has been concluded. It appears from this inves¬ 
tigation that impregnated wood pulp paper will with¬ 
stand temperatures at least as high as manila paper ^d 
that the permissible operating temperatures of high- 
tension cable could be considerably increased above the 
present prescribed valu^. 

At Johns Hopkins University the investigation of the 
effects of resichial’’air and moisture in the insulation 
indicates that the difficulties with commercial* cables 
are due largely to extended areas of entrapped air and 
gases resulting from imperfect impregnation, distortion 
in handling, or expansion of the lead sheath rather than 
the lade of extremely low pressure of impregnation. 

The study of the laws governing ionization charac- 
'teristics of cable insulation has progressed at Harvard 
University to the point where simple empirical equa¬ 
tions have been established for the expCTimental curves. 

The accelerated life tests on cable carried on by the 
Brooklyn Edison Company and the test of insulation 
of the solid tjT)e carried on by the Detroit Edison Com- 
psT^y .are adding valuable data to this problem. The 
Commonwealth Edison Company is conducting an 
elaborate theoretical study of the fund^ental nature 
of insulation under the auspices of Utilities Research 
Commisaon. 

Developments in Practise 

The 182-kv. lines installed last year in 'Chicago ^d 
New York have continued to opa-ate without electrical 
failmes, and an additional circuit is bdng installed this 
year in New York. This yearns development shows 
important advancement in the method of installation 
in thajh it is pobible to install the cable filled with oil, 
thereby eliminating the field impregnation required on 
the first development. 

The several installations of 45-kv. and 66-kv. smgle- 
conductor cable of the solid insulation type have con¬ 
tinued to give satisfactory service, and d\uing the past 
year, a pioneer installation of three-conductor oil-filled 
cable for 33-kv. op^ation has beem made in Chicago. 
The satisfactory operation of the oil-filled cable indi- 
eates that similar construction can be used for higher 
" voltages up to at least 66-kv. The improv^ regulation 
of the three-conductor cables and the elimination of 
sheath losses, together with the othrf features of superi¬ 
ority, make this type of construction appear attractive 
as compared with three single-conductor cables. - 
The shielded or Hodistsdter type of construction 
continues to find favor for three-conductor calfles in the 
22- to 3S-kv. class. The use of oil reservoirs on the 
joints has proved .very benefidal and thus to th©« pos¬ 


sible trduble which some engineers feared from the 
expansion pf cable sheath has not been manifested. 
For the lower voltages of 11-kv. to 15-kv., three-con¬ 
ductor cables and single^conductor cables totalled 
three per duct have been used more or less indiscrimi¬ 
nately with advantages being claimed for both. 

It has long been felt that our preset method of 
rating cables, based on temperature limit of iijgulation, 
was, to say the least, unsound. The lack of a suitable 
alternative has accounted for the retention of the 
present method, but with the coordinated investigations 
now in hand, it may be expected that data will be 
available before long to set-up a rational.method of 
rating cables. 

During the past ye^, considerable interest has been 
exhibited in sheath corrosion, and sevOTal wmpames 
have observed the formation on lead sheath of various 
red, orange, and white compounds. Inasmuch as these, 
especially the red lead oxide, made their appearance on 
cable installed in monolithic concrete duct, wM^ is 
coming into very general use, they gave rise to consider-' 
able alarm among those operating and extending such 
systems. Almost coincidentally, there was reported 
considerable corrosion of lead sheath in creosoted wood 
ducts. 

Through the concerted investigation of the Utility 
companies and the Portland Cement Association it was 
found that the presence of calcium hydroxide from the 
concrete, water and a-c. electrolysis conspired to pro¬ 
duce the oxide. Tffe eUnrination of the water or elec¬ 
trolysis will prevent the form^ation, or if the conCTete 
is allowed to, stand for approximately twenty-eight 
days, thereby allowing the calcium^iydroxide to ch^ge 
to <»alfflnTiri carbonate, the cables should be relatively 
free from corrosion of this type. 

The corrosion in wood ducts was found to be due to 
acetic acid evolved‘frpni the Douglas fir used for the , 
conduit and the remedial measure applied in this case 
was the introduction of ammonia gas into the duct, 
thus neutralizing the add. 

Specifications, Testing, and Operation op Cable 

There has beai no important change in cable m^ec- 
tion and testing practise during the year. Specifi^- 
tions remain practically^ unchanged except for an in¬ 
crease in test voltages for single-conductor and shield^ 
type multiple conductor cables, as well as a decrease in 
the allowable 'ionization factor in high-voltage cables. 
As in previous years, a survey of the teslT results ob- 
' tained shows a general trend in the dir^tion of improve¬ 
ment. This is indicated by the percentage of deficien¬ 
cies and the uniformity of-insulation resistance, power 
factor, and ionization factor. This consistent trend 
toward improvement is now being reflected in decidedly 
better operation of cable as revealed imannual reports 
. of operation" which have been compiled. Analytical 
studies of tiie mass of data that is collected annusffiy, 
in connection with acceptance inspection and testing 
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of cable and of failures of caBle which occur ii? service, 
have been carried on for sev^al years. The value of 
these studies as an aid in improving cable Saving been 
demonstrated, more ^ective means of carrying them 
on has been developed under the cooperative auspices 
of the National Electric light Association and the 
Association of Edison Illuminating Companies. This 
development is another indication of the cooperation 
which exists in the indust^ and wMch^ cannot help 
but be a great aid to progress. 

STANDARDIZATION ACTIVITt 

P. M?FARME1R, CHAIRMAN • 

The following is a brief,summary of standardization 
activities which have been coi^ummated during the 
year. 

1. Section No. 30 of the Standards of the A. I. E. E. 
dealing with wires and cables has been submitted to the 
Ammcan Standards Association for ratification as an 
American Standard (minus certain items which are 
now under discussion). 

2. Specifications for annealed copper wire, both bare 
and tinned, were approved as American Standard by 
the American Standards Association June 12,1928. 

3. Specifications for 30 per cent rubber insulation for 
wire and’ cable for general purposes were approved by 
the American Standards Association as tentative 
American Standard April 2,1928. 

4. Specifications for magnet wire were approved 
by the American Standards Association as tentative 
American Standard April 2,1028. * 

A number of matters dealing witii wires and cables 
is in the* course of development to the standardization 
stage. Specifications for impregnated paper insula¬ 
tion, specifications for varnished cloth insulation, and 
specifications for Weatherproof heat resisting and other 
coverings are being* developed by the Sectional Com- 
nittee on Wftes and Cables of .the American Standards 
* Association. • Similarly, progress is being made with 
the development of a standard stranding table for 
stranded conductors bx*he same committee. 

Informal arrangements have been made between the 
appropriate cpmmittees of the National Electric light 
Association and the Association of Edison Illuminating 
Companies for the coordinated collection and study of 
cable failures on a standardizec(,basis. 

SUBCOMMITTEE ON INTE5.CONNECTION 
AND STABILITY FACTORS 

• R. D. EVANS,.CHAIRMAN 

Interconnection of power systems has been brought 
about as a natural result of consolidation under a com.- 
mon management or as a me|sure to reduce investment 
or operating expense of systems under separate manage¬ 
ments. The general advantages, such as those arising 
from load dive^j^ity, generating reserve, and utilization 
of stream fioyr. plants, have been recognized* for some 
time. Thft problems a{ hand have to do with-the 
"determination of the economy* of a particular under¬ 


taking and the selection of the best method of carrsdng 
out the interconftection. 

One of the most important aspects is the reliability 
of the power supply obtained from the interconnection. 
Reliability depends to a large exijpnt on the vulnerability 
and stability of the system, i. e., its capacity to 
main tain the machines in synchronism at times of 
system disturbances. These problems are very prom¬ 
inent in the field of power transmission, as tiie means of 
interconnection consist of transmission lines or ties with 
the associated transformas and switching* equipment, 
and as the location, number, and character of these ties 
largely determine the serviceability of the inter¬ 
connection. 

The study of system connections is'a development 
whose pnportance has recently become generally recog- 
lyzed. While it is true that diflerait power system 
connections have developed in different parts of the 
country, these differences could largely be explained 
because of the difference in the local^tuation as.to the 
transmission distance, the density, and the distribution 
of the load. Increase in the extent of systems and of, 
interconnection has made it necessary to give considera¬ 
tion to what are commonly called “system problems,”* 
of which stability may be cited as an example. Sta¬ 
bility was first carefifily analyzed in connection with 
long-distance power transmission. More recently, these 
principles are b^ng applied in the study of the closely- 
connected systrans. 

The plan of operation of interconnected systems may 
be premised on either the maintenance of synchronism 
at times of system disturbances or upon the separation 
of the systems. In the latter case, the system may be 
split at fixed points or at variable points to coordinate 
connected load and generating capacity. At the pre^nt 
time it is not possible to draw any general condusions 
as to the proper fidd of application of these different 
methods of operation. 

In the design of ssretems to maintain stability, several 
distinct methods are recognizable. Syhchronisifl niay 
be maintained (1) by measures which increase the 
synchronizing power which may be transferred between 
the machines, as by the use of low reactance tie lines 
or the application of quick response exdtation; (2) by 
measures which limit the severity of the shocks to the 
system occasioned by faults, as may be affected by the 
use of individual lines of high reactance or by quicker 
fault isolation; or (3) by a system layout which causes • 
the shock to be distributed to the various machines in 
• such a way as to accelerate or decdwate them as a unit. 

In order tb improve stability, special attention is 
bdng given to th5 characteristics of apparatus to be 
used on extensive systems and interconnections. Prom 
the standpoint of stability, governors should operate 
quiddy and should possess«anti-hunting features tend¬ 
ing to reduce oscillations after disturbances. Governor 
operation in direct response to fault indications may 
provq advantageous. Field test to indicate perfonn- 
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ance of governors under transient conditions would 
be very desimble. 

In generators, high short-circuit ratio and low tran¬ 
sient reactance are of benefit in improving tiie power 
limits. The use of the^proper kind of exdtation system 
extends the power limit under both steady state and 
transient conditions and may largely overcome the 
disadvantages of low short-circuit ratio. Low transient 
reactance will improve the stability conditions at times 
of system fault. In general, a study should be made to 
determine fn each case the proper value of machine 
transient reactance which depends upon line and trans¬ 
former as well as generator costs. 

Consideration is being given to the use of damper 
windings in wseterwheel generators. Damper windings 
tend to improve stability by virtue of their (^mping 
action and to decrease stability because of the increase 
in fault current due to tJie reduction in negative phase 
sequence reactance of the generator. Investigations 
have indicated th|it in certain cases, damper windings 
may be advantageous provided they are of the proper 
,charactffl'istics. 

Excitation systems capable of quick response are 
’effective in improving stability under steady state and 
particularly vuider transient conditions. In special 
the use of synchronous condraisers, wholly or 
principally as an aid to stabili'^, will be found desirable. 
The stabilizing effect of such condensers will be in¬ 
creased by the application of suitable quick response 
escitation systems. 

During the past year, active field tests and investiga¬ 
tions' have been made regarding quick response excita¬ 
tion systems, increased insulation of lines, the speedy 
disconnection of a defective dreuit from the system and 
the introduction of ground retistor or reactance (Peter¬ 
son coil). , 

The extension of systems and interconnections have 
introduced operating problems important from the 
standpoint of stability. The greater complication of 
systems has temporarily required tiie human element to 
ajjgreate- extent which is bring offset by the further 
development of automatic features such as control of 
frequen<q?', voltage, and switdiing. 

The theoretical investigation of stability has pro-- 
ceeded to a point where fundamental operating data 
are urgently needed. Information as to the operation 
of systems has been obtained in the past principally 
from indicating and graphic instruments which have 
•berii provided f'=>r the convenience of the operators. 

' During the past few years a number of instruments* 
with speed-up devices has been used, bift the general 
results have not been entirriy satififactory because of 
the.dday in starting the device and the inaccuracies in 
the measuring elements. Recently these obje«tions 
have been reduced by the use of an oscillographic type 
6i instrument, and* the tendency is to use suah devices. 
whCTe transient records of disturbances are desired. 


The importance of records of this nature is becoming 
more apparent in reconstructing the nature and extent 
of system disturbances, pariacularly wKotc considerable 
power is bring transmitted over some distance.. With 
such data available, it will be possible to place the design 
requirements upon a- sounder basis; ffor example, it 
should be possible to determine wheth^ the basis for 
tv.niT.miTn*Tig stability should be predicted upon a single 
fault to ground as is commonly done at pfesent, or 
upon the less frequent double fault to ground. Such 
data will also make it possible in many eases to estimate 
from oscillation with existing Ipads, the probable 
system disturbance with future loads. 

General Conclusion 

The expansion of the interconnection of systems has 
brought numerous problems to the engineer for solution 
and it is to be noted in the foregoing subcommittee 
reports and the several papers presented before the 
Institute that fundamentally different ideas of system 
developmmts have been brought out to meet the evei; 
increasing demand for higher continuity of service and 
greater flexibility of suppl 3 dng rriativriy large blocks 
of load from a network system. Your committee 
expects rapid strides to be made within the next few 
years in handl ing distribution problems and predicts 
radical departures from old methods and practises. 


CHAIN DRIVES FOR FACTORIES 

Chain drives have been, developed during the present 
generation into a practicable means for transmitting 
power in industry. They ha^e* established themselves 
as a most satisfactory and trouble-free way of trans¬ 
mitting power from s&i electric motoj to a line shaft or 
directly to a machine tool. The poative nature of the 
drive prevents loss from belt riippage, and such loss is 
loss of production,, not^ merely loss of power, writes 
A. C. Woodbury, in ttig October issue oi the S. A. E. • 
Jmrml, an official publication of the Society of Auto¬ 
motive Engineers. , 

A silait chain drive that is ifiteUigeritiy selected for 
the job and installed in good alignment will operate for 
years with no attrition other than lubrication, iferiodic 
inspection and possibly two or three adjustments of 
center distance. 

The silent chain drivS has been found to fill a great 
need in pot?er transmission, becaxise it furnishes a 
positive driv^ that is much more compact than a belt 
drive and much more flexible than a gear drive, accord¬ 
ing to the author. The compactness makes it available 
in individual drives from motors to machine tools with 
little or no additional ^oor space required for the 
motor. Motors can often be mounted directly on the 
tool, to make a self-contained unit that can be moved 
about and placed as required for conv^ence in manu- 
facturingj without reference to ^ything like a line 
shaft. 1 • 
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Abridg]|ient of 

Parallel Operation of Transformers 

Whose Ratio's of Transformation are Unequal 


BY MABEL MACFERRAN* 

■ .Associate, A. I. B. E. 


Synopsis.—An equation is developed fbr use in meeting emer¬ 
gency conditions which necessitate the paralleling of transformer 
hanks whose impedances expressed in percentage are not equal. 
This equation makes it possible to caleulate what change should be 
made in the ratio of transformation of the bank wKh the lower 
percentage impedance i^ order to prevent its being overloaded when 
the total load approaches the combined capacity of Vie two banks. 


It is pointed out that such an expedient is a makeshift justifiable 
only when maintenance of service is the paramount consideration 
and efiUsiency is for the time being of secondary importance. When 
conditions arise which do justify such a temporarj/ arrangement, 
the method developed in the present paper affords a simple yet 
accurate means of solving the problem. 


INTEODUCTION 

E mergencies sometimes arise in which it be¬ 
comes desirable to operate in parallel transformer 
* banks whose characteristics are not ideally suited 
to such a procedure. It is well known that unless the 
impedances of the two banks, expressed in percentage 
■form, are approximately equal, one bank will assume 
too much load in proportion to its rating; the other too 
little. The question then arises whether it is possible 
so to change the ratio of transformation of one bank 
that under the most severe load conditions which are 
to be imposed on the combination, neither bank will 
be overloaded. 

The purpose of the present paper is to derive an equa¬ 
tion whereby the change in ratio necessary to accom¬ 
plish the desired result ma^ be q^culated. Such an 
equation is very much needed, as the only method 
which, to the writer’s knowledge, is now extant for 
attacking the problem is based on the regulation curves 
of the two bankg and involved "eiTdrs which make it, 
in many cases, somewhat inaccurate. 

It should be dearly imderstood that the expedient 
of changing, the ratio of transfbrniation of one bank 
relative to t^at of the other is net being advocated as a 
permanent measure, as it resufts in marked^ inefficiency 
of operation. It is justifiable only as a temporary 
step to be adopted uif3er emergency conditions which 
require a certain peak load to be carried, no mattw 
whatlbe cost in efficiency at lighter loads. 

Fundamental Equations for Parallel Operation 
Since the principles governing the parallpl operation 
of two three-phase banks are exac^y tiie same as those 
governing the parallel operation of two transformers in 
a single-ph^ circuit, the discussion will be based on the 
simple case of two single-phase transformers in parallel. 

It will be assumed throughout the discussion that 
the load is connected to the low-tension side of thb 
paralleled transformers. 

*Operatmg Department, Southern California Edison Company. 
Presented at the Pacific Coast Convention of the I. E. .fi., 
8atUa Monica, Calif., 8ept. 8-6, 1989. Compute copies upon 
request. . » ' . 


The fundamental considerations^ wMch control the 
behavior of two transformers operating in parallel are 
very simple. They are: 

1. The voltage impressed on the high-tension wind¬ 
ing of one transformer is equal to, and in phase with, 
that impressed on the high-tension winding of the other 
transformer. 

2. The voltage appearing at the low-tension termi¬ 
nals of one transforms is equal to, and in phase with, 
that appearing at the low-tension terminals of the 
oths transforms. 

From the first consideration it follows that the low- 
tension open-circuit voltages of the two transformers 
are in phase with each oths.* The reason is that 
neglecting the very small phase displacement Caused 
by the exciting current, the low-tension open-ciraut 


Vo/tajfe 
Impressed 
on H.T. 


E, 


Fro. 


1—TUiCNSFORMBRS OF UnLIKB RaTIO IN PARALLEL 
Open-Circuit Condition 


voltage of each transformer is in phase with the voltage 
impressed on its high-tension winding. The two low- 
tension open-dreuit voltages are not equal in magni¬ 
tude, however, unless the ratios of transformation are 
equal in the two transformers. The vector diagram 
for open-circuit conditions is shown in Fig. 1. In this 
diagram, fh represents the tow-tension open-circuit 
voltage of Trandonner 1, and 'Eli, that of Transformer 2. 

When a toad is applied to the low-tension side of the 
parallded transformers, the impedance drop in each 
transformer must be of sudi magnitude and direction 
tjiat the second consideration is satined, as shown in 
Pig. 2. 

In expresdng tiiese relations mathematically, the 
following symbols'Vill be used: 

El = low-tension open-circuit voltage of Transformer 1 
St =" low-tension open-dreuit voltage of Transformer 2 

♦“PaaaHel Operatiou of Transformers,” Waldo V. Lyon, El^gc. 
• World, Vol 63, No. 6, February 7,1914, p. 316 fl. 
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= low-tenaon terminal voltage of Transformer 1 
Ts = low-tension terminal voltage of Transformer 2 
1 1 = current in low-tenaon winding of Transformer 1 
Is = current in low-tension winding of Transformer 2 
II = current flowing the load 
6t, = fluglfi between load current and voltage impressed 
on the load 

<l> = angle between voltage impressed on high-tension 
side of the transformers and voltage appearing 
at low-tension terminals 

D = arithmetical difference between Ei and Et 
Zi = equival^t ohmic impedance of transformer 1, 
referred to low-tension side 
Z 2 = equivalent ohmic impedance of transformer 2, 
referred to^low-tension side. 

From Fig. 2, the following equations may bewritten: 


Vi = Ex-ItZi (13 

Vs = Ss— liZt (2) 

Vi = y* (3) 

The simultaneous solution of these equations gives: 

El — Ei = Ii Zi — Is Zi (4) 


Since Ei and Ei are in phase with each other, if 



Pig. 2—Tra.nsfobmers of Unlike Ratio in Parallel Load 
Condition 

Vi = Vs be selected as Ihe reference axis, we may 
write: 

El-Ei= Dl± (5) 

Equation (4)-may then be written as follows: 

Ii Zi — Is Zi = T)!^ (4a) 

It is also necessarily true that: 

Ii-I-Is^Il (6) 

Equations (4a) and (6), if solved simultaneously, 
give the following result: 

.j _ IjjZj + D/<}> 

Zi -[- Zi 

?* = Il-Ii 

It should be noted tiiat the use of the ^edfic vector 
D/^ in place of the general vector esfiression {Ei — Ei) 
ties Equations (7) and (8) definitely to Vi = Vs as a 
reference axis. 

Equations (7) and (8) make it possible, given the 
d^erence existing between the ratios of transfprmation 
of the two transformem, to calculate the division of 
current for any specified total load. It must be borne 


in mind that the solution mil be correct for only ffie one 
load, and that the currents will shift in relative magni¬ 
tude and in relative phase position as the magnitude 
and power factor of the load are changed. 

It will be seen at once that there is one difficulty in 
the way of obtaining a direct solution fcft- Equation (7). 
This difficulty is )that.since the phase position of 
Vi = Vjdependsuponthemagnitude and phase position 
of Ii and Is, the value of <f) is not known until'Iiandls 
are known. ’Fortunately, this difficulty is of little 
practical ftnportance, since the angle ^ is usually so 
small that it may be set equal to zero with only a slight 
resulting error in the solution. If it is desired to carry 
the calculation to greater accuracy, the method of suc¬ 
cessive approximations"may readily be applied; that is, 

<t> may first be set equ^to zero, the solution made, and 
^e position of Vi = Vs calculated. Then, with the 
value of <t) obtained from this calculation, a new Solu¬ 
tion of Equation (7) may be made. 

The impedances substituted in Equations (7) and 
(8) should be in the form of complex quantities, having* 
both resistance and reactance components. The values 
used should be those applying to the taps on which the 
transformers are operating. This requirement will be 
found to offer something of a stumbling-block- in prac¬ 
tise, as the data ordinarily available give information 
only on the full-winding impedance values. It is 
beyond the scope of the present paper to discuss ways 
of es timati ng the tap values of impedance other than 
to point out that astthe ti?uisformer is placed on lower 
and lower taps, the impedance values referred to the 
winding on which tiie taps afe -situated generally de¬ 
crease qiute slowly, whereas the qppedance values re¬ 
ferred to the other winding increase rather rapidly. 
The exact mode of variation depends on the ts^e of 
core, t 3 q)e of winding, and location of the taps. There 
is urgent need of publi^^ data on this subject. Such 
data being at present l^plring, the engineer confronted 
with a proljlem in parallel operation must either rely 
upon estimates based on his gwn •experimental tests, 
or neglect the variation of Impedance with taps 
altogether. If only an approximate solution is required, 
the latter course may be adopted. * 

If tiie problem at hand involves three-phase trans¬ 
former banks, the application of Equations (7) and (8) 
is permissible, providing*the ordinary rules for working 
with one phSuse of a three-phase circuit are followed. 
In Appendix A will be found a more detailed discussion 
of this subject, with especial reference to •the case in 
which one bank is delta-Y and the other, Y-ddta. 

Ratio Change to Give a Desieed Current Division 
It is now easily possible’to derive an eqtuation which 
will give D in tenns of the anticipated load current and 
the desired division of current between the trai^ 
fonners. .It.is only necessary tq specify that 

. • Ii = Ah- (9) 

In this relation, A is h vector quantity. Its magni-* 
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tude will ordinarily be taken such as to make^he ratio 
of the currents .the same as .the ratio of^thejransformer 
ratings._ PreferMy its angle would be zero, placing 
h and '/s in phase with each other; but it will be shown 
that it is not possible to specify bo^ the magnitudes and 
the angle of A! 

By substituting condition (9) iniEquation (8), there 
is obtained the relation 

f ‘ * 

" A + 1 

Substituting this in turn in Equation (7), there 
results: 


D/<i> = 


Jl (Zi — A Zj) 
A + 1 


( 10 ) 


Since D is by definition a pure arithmetical quantity, 
it is*necessary that the expression on tiie right of Equa¬ 
tion (10) come out as some quantity at an angle In 
general, for a specified magnitudfe of A, there is only one 
'angle of A that will result in a vectorially correct solu¬ 
tion to Equation (10). This means that it is possible 
to dictate the proportion between the currents h and 
h, but it is not possible simultaneously to dictate the 
angle that shall exist between them. 

• The correct angle for the vector .l,must be found by 
trial and error. It is usually sufficiently accurate to 
assume approximately equal to zcto. Then, having 
selected the desired magnitude for A, it is necessary to 
try different angles for A until one iS found which makes 
the right-hand side of Equation (10) come out to some 
quantity at an angle‘witiiin two or three degrees of 
zero. D is then equal to this quantity. If greater 
accuracy is desired, the method of successive approxi¬ 
mations may be‘applied to fix the value of ^ more 
closely. However, 4n practical ^ork, it is notnecessary 
to make an extremely accurate solution for D, because 
* the anticipated load conditions *are usually somewhat 
vague; and furthermore, there is seldom a tap available 
to conform exa,ctly*to the calculated value of D, 

If D comes but positive, the open-circuit voltage of 
the transformer which was assigned, thedesignation “2" 
is the* one to be lowered, since Equation - (7) from 
which Eqimtion (10) is derived is based on the assump¬ 
tion that j©i is greater than ^ 2 . If D comes out nega¬ 
tive, then the open-circuit voltage of Transformer 2 
is to be raised above that of Tran^orm^ 1. In start¬ 
ing a solution, it is a good plan to assign the designa¬ 
tion “2” to*the transformer Vith the lower percentage 
impedance, because this will be the one whose open-dr- 
cuit voltage will have to be lowered in order to prevent 
its taking tot) much load.. Thus the inconvenience 
of working with a negative D will be avoided. 

If the angle which it is necessary to assign to A in 
order to obtain a solution for P is of th6 order of ^0 
deg. or more, it is'probable that the solution will 
Jae of httle»praetical value, singe even though the cur¬ 
rents divide iix proportion to the ratings, each will 
have to be ^ large (in order tiiat their vector sum 


may equal /i, despite the large angle between them) that 
the transformers will in all likelihood be overloaded. 

If it seems impossible to find an angle for A that 
works out satisfactorily, some other magnitudes for A 
will have to be tried. Of course there is no use tiying 
magnitudes which differ markedly from the ratio of the 
ratinp unless thde is a very wide leeway between the 
load to be carried and the sum of the ratings of the 
transformers. 

A minor difficulty presents itself in assigning tiie 
correct values to Z\ and Zi. Their valu^ will depend 
on what taps are employed on the transformers, and 
these in turn will depend oh the value of D. Here/'if 
desired, the method of succ^ve approximations may 
be applied. First solve for D, usi^ the full-winding 
values*of Zi and Z^. Then, if to obtain the requiredP 
k is necessa^ to place one or both tran^onners on taps, 
estimate the values of Zi and Z^ on tiiese taps and solve 
again for D. Repeat if necessary imtil littie change 
occurs in D on the successive solutions. For practical 
work it is probable that tiie first value of P will be quite 
eiccurate enough, especially since the actual taps avail" 
able may be such as to make it impossible to use thq 
exact value of P obtained from the solution. 

The reasonable procedure in attacking a practical 
problem is to make a solution for P, using the full- 
winding impedance values and assuming (#» = 0. 
Ascertain what taps come nearest to giving the required 
difference in ratio. Then assume the transformers 
placed on these taps and check the current division by 
Equations (7) and (8), using the vqlues of Zi and Zt 
appropriate to the taps employed, and still assuming 
<i> = 0. Finally, when h and U have been found, check 
the value of,^ by graphic construction or calculation, 
and if it differs from zero by more than two or three 
degrees, make a new solution based on this corrected 
value of 4>. 

In most practical cases, the magnitude and power 
factor of the load are a Uttle hard to pre.dict. The best 
procedure is to select a value of P to fit the most severe 
load conditions which are anticipated. Then in order 
to be sure that there is no possibility of overload occur¬ 
ring on one of the transformers, dieck the current divi¬ 
sion not only for this but for several other possible 
values of load and power factor. 

If P is selected to give the best possible current divi- 
sibn conditions when the total load is of a m^piitude 
approaching the combined capacities of the trans-^^ 
formers, it will be foimd that as tiie IGad decreases the 
* current vectors tend to swing further and furiher apart, 
until at no-load thgy are 180 deg. apart and constitute 
a pime circulating current. On account of this increas¬ 
ing predominance of the drculatihg component at 
light*loads, it is usually advisable to take the smaller 
transformer out of service'’when the total load drops 
•to a valfle within the capacity rating of the larger 
transformer. 

, Conclusions ’ . 

liquations have been derived which, for a specified 
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, total load at a specified power factor, determine the 
division of current between transformer banks which 
• differ not only in impedance but also in ratio of 
transformauon. 

A formula has been developed for use in mpcting 
emergen(qr conditions which necessitate the paralleling 
of tiansformer banks whose impedances expressed in 
perceni^e form are not equal. This formula malroa 
it possible* to calculate what change, if any, can be 
made in the ratio of transformation of the bank with 
the lower percentage impedance in order to prevent 
its being overloaded when the total load approaches 
tiie combined capacity of the two banks. 

It has been i^own that when the ratio of transforma¬ 
tion of one bank isVhanged in order to produce approxi¬ 
mately correct load division under peak conditions, 
very inefficient operation results when the load drops 
below the peak value. Therefore, the e^>edient of 
ratio cl^ge is justifiable only when maintenance of 
service is the pajnmount consideration and effidency 
is, for the time being, of secondary importance. 

• When ema-gmor conditions arise which do justify 
, a change of ratio, the method developed in the present 
paper affords a simple and yet accurate means of solv¬ 
ing the problem. 

Appendix A 

^PLICATION OP Equations to Three-Phase 
Transformer Banks 

' If the banks which are to be operated in parallel are 
both Y-connected on the low-tension side. Equations 
. (8) ^d (10) may be applied by using the low- 

tension line-to-neutral voltage and the impedance of 
one transformer in each bank. The currents to be 
■ ^ i^d are the line currents flowing in the low-tension 
side of each bank and in the load. 

^ If the banks are both delta-connected on the low-ten- 
Mon side, the equations may be applied by naitig the 
low-t^on line-to-line voltage and the impedance of 
one transformer in each bank. In this ease, the cur¬ 
rents to be used are the low-tension line currents divided 
by tiie square root of three. 

If one bank is Y-connected on the low-tension side 
and the other delta, the simplest procedure is to con¬ 
vert the delta connection into a fictitious Y connection 
which will have the same percentage impedance as the 
actual delta-connected bank. In order to derive *an 
^ression for the ohmic impedance of each transformer 
^ '"in the fictitious bank, it will be convenient to adopt tiie 
following ssrmbols. 

= Rated voltage across low-tension side of each 
tiansformer in actual ban£ 

Vf - Rated voltage across low-tension side of each 
tiansformer in fictitious bank • 

la = Rated carrot in tew-tension winding of each 
transformer in actual hanlr • 

If — Rated current in low-tension winding of each 
transfonner in fictitious bank 



Za = Equivalent ohmic impedance of earti tiansformer 
in^ctual bank (referred to low-tension side) 

Zf — Equivalent ohmic impedance of each transformer 
in fictitious bank (referred to low-tension side) 
^ Since the actual bank is delta on the low-tensidn 
side, while the fictitious bank is Y, it follows that: 



If - VS, X la 

2 _ Rated voltage X per cent impedance 
Rated current X 100 

r • 

_• ^, Per cent impedance 

~ ^ 100 

„ Y/ Per cent impedance 

■ X ^ —Xoo- 

_ • 

_ Per cent impedance . 

V3 X VS X /« ^ 100 “ ~Z~ 

That is, if the equivalent ohmic impedance (referred 
to ^e low-tension side) of each transformer in the 
fictitious bank is taken equal to one-third that of each 
tiansformer in the actual bank for which it substi¬ 
tuted, tiie per cent impedance of the fictitious bank 
will be the same as that of the actual bank. The same 
reasoning applies of course to the resistance and 
reactance compondhts of-the impedance. 

When the calculation of equivalent ohmic impedance 
referred to the low-tension side is based directly upon 
data giving the per qent impedance of the tiansformer, 
the ratio of transformation does not*enter the problem, 
and so it makes no diffa-ence whether the high-tension 
winding of the fictitious bank is Y*or delta. However, 
tiie ratio of transf5rmation does enter the calculation 
when it is desired to asra^tain the taps th give a sped-" 
fied value of D. Here it is necessary to remember tiie 
rules as to what types of thr^e-phase, connection can 
and ca^ot be paraded, in fixing the ratio of tians- 
forma,tion of the fictitious bank. For example if one 
ba^ is Y-Y and the otiier delta-delta, the fictitious bank 
which replaces the ddta-ddta bank must be Y-Y, 
not delta-Y. Or, if ong bank is delta-Y and the other 
Y-delta, thf fictitious bank whidi replaces the Y-delta 
bank must Ijp dellia-Y, not Y-Y. The ratio of trans¬ 
formation of the fictitious bank should be fixed 
accordingly. ' '* 

In Appaidix B of the complete paper an example is 
•worked out which illustrates the method of forming a 
fictitious delta-Y bank to replace an actual Y-delta 
bank. 
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Impulse Insulatiofi Gharactenstics of Wood- 

Pole Lines 


BY H.L. MELVIN* 
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Synopsis.—This paper gives the results of arather comprehensive 
series of tests on the impulse insvlation characteristics of loood, 
conMnations of insulators and wood as used in wood-pole trans¬ 


mission line constrwdtion and methods of protecting wood from 
damage; also a brief discussion on applications of the data. 


1. Introduction 

T BCE t^ts, results of which are covered by this 
paper, were made for the purpose of obtaining 
some fundamental data on the impulse insulation 
chai|kcteristics of wood as used in the construction of 
transmission lines. Quantitative values were desired, 
even though they mightbeonlyrdative, on theinsulation 
strength of poles, crossarms, combinations of insulators 
and wood, variations between different species of wood, 
influence of moisture and contamination,andme&odsof 
protecting wood from damage due to lightning flash- 
over. These data should make it possible to use wood 
in a more intelligent maimer in design and also supple¬ 
ment the lightning research investigations. 

II. Test Impulse Wave 
Impulse voltages ranging from 400 kv. to 3000 kv. 
were employed. The voltage wawe used for all teste 
can be described as one reaching its crest in approxi¬ 
mately one-fourth of a microsecond and then decreasing 
to one-half of its m^mum value in approximately 20 
microseconds. , ' * 

While the sparkover voltage values would vary with 
the type of impulse .wave used, and this wave may not 
necessarily he representative ^of* actual lightning, the 
■'results obtained should be comparative, and indicative 
of paformance under lightning conditions. , 

The test points wer^ of course, rather erratic but 
sufficiently consistent tb plot the average curves shown 
by the figures. The dashed portions are interpolations 
and extensions. 

ill. Impulse Spakkoveb Voltages 
General. Sparkover voltage teste wer^ made on 
cedar, chestnut, and treated pine polesjfir^d treated 
pine arossarms; treated hardwood and pine sticks; 
combinations of insulators and crossarms; insulators 
and poles; insulators, crossarms and poles; air-gaps; 
and insulators alone. The combinations corresponded 
to tiiose whieh might be used for 66-kv. to 182-kvt 
construction. " 

•Tii ngnTiA ftring Depairtment Electric Bond and Share Compaiiiy, 
NewTork, N. T. . • # 

Presented at the Pacific Qoast Convention of the A.J. E., Santa 
Monica, Calif., Sept. S-6,19^$. Complete copies upon request. 


Samples of each of the varieties of poles, crossarms, 
and sticks were tested dry, surface wet, tap water 
soaked for about two weeli and 'salt water soaked 
(about'Pne-fourth as salty as sea water) for two weeks. 
Wet cement was also applied to samples to simulate 
contamination. 

Poles, Crossarms, and Sticks. In testing the poles, 
a*ossarm, sand sticto it was learned that the variety of 
wood, treatment, moisture contait, contamination or 
salt water soaking had little influence on the sparkover" 
voltage values. The results are shown by Figs. 8 and 4.. 
The poles and crossarms were taken from service or 
stock and the sticks were five to ten square inches in 
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LENem OF WOOD POLE IN FEET 

Fig. 3—Spaekover Voltage op Wood Poles 

cross-section, of selected quality, considered suitable 
for use as long wood guy insulators. . 

Air-Gaps. Sparkover voltage measurements were 
made for air-gaps such as obtain between conductors 
and guys or grounded parte of stractures and across 
horn-gaps, the results being given by the curve in Mg. 5. 

Jnsulators. Fig. 6 gives the sparkever voltages for* 
'lO-in. diameter 5%-va. spaced suspension unite of tihe 
ordinary desiin for Ike 20-microsecond wave, as takrai 
from the recent pa|>«* LigUning by F. W. Pee^ Jr.* 
All teste were made with this type of unit wiih the 
exception of those using a 70-kv. pin type insulator of 
usual design. a • 

■ • O 

♦See Bibliograpliy for references. ’ 


813 


29-137 


f 





814 


MELVIN: WpOD-POLE LINES 


Journal A. 1. E. E. 


ComMnaMons of Insulators, Crossarms, and Poles. 
Figs. 7, 8 and 9 give the average sparkover voltages for 
combinations of insulators with varying length of cross- 
arm, insulators with varying length of pole, and insula¬ 
tors with sections of crossarm with varying Imigth of 
pole respectively. The sparkover voltage values of the 


moistu]Ae content or conductivity of the pole or cross- 
arm. Th§ intensity of the partial sparkover arc was 
very much lower than that for normal discharge of the 
lightning generator. 
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LENGTH OF WOOD QUY INSULATOR OR CROSS ARM IN FEET 

Fig. 4—Sparkover Voltage op Wood Guy Insttlatobs and 
Wood Crossabms 

component parts cannot be added directly, (as will be 
noted) on account of the differences in the characteris¬ 
tics of porcelain and wood insulation and their physical 
relations. 

. If sparkover values are desired for combinations dif- 
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Fig. 6—Sfabeotisb Voltage of Aie-Q-apb 
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f^ent than those shown or with suspension insulators 
'with spacings other than 63^-in., values can be inter¬ 
polated by shifting the starting point of the curves or 
estimating from the combinations covered. 

Pmial Sparkover of ConibinaMons of Insulators, 
Crossarms, and Poles. Sparkover of the insulators only 
n^y occur with impulse voltages applied to combina¬ 
tions of insulators, erossarms, and poles, at lower values 
ttanarerequired tb completdy spark over tire combinar 
tions. The voltages at which these partial sparkovers 
occurred seemed to be primarily a function pf the 


NUMBER OF lOINCHJNAMEfER.5% INCH SPACED MSUATOR UNUS 

Fig. 6—Sparkover Voltage op Suspension Insulators 


Anmm 


huBHBnn 


■■■■■I 

■■■■■I 


mm\ 


LENGTH OF WOOD CROSSARM IN FEET 


Fig* 7—Sparkover^ ^^ltagb op Insulatojis aktd Wood 

^ C^OSSARM ^ 




mi 




. S 10 12 

• LENGTH OFWOOD POLE GAP IN FEET 

Fig. 8—Sparkover Voltage op Insulators and Wood 
Pole 

ti 

The results of these tests are'^not included in cun 
forln as they were v^ erratic, also direct practic 
application could not be made of the data. They dii 
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however, indicate possible limitations in the Mfective 
nse of poles to increase the ipsulation of all t]iree power 
conductors from ground on account of* the possibility 
of phase.to phase flashovers. 

IV. Protection op Wood prom Damage 
A by-pass air-gap having a lower sparkover value 
than the section of wood being prcJtected would seem 



Fig. 9—Sparkover Voltage op Insulators, Wood Cross- 
Arm, AND Wood Pole 


by providing the by-pass gap on the pole as illustrated 
by Fig. 12." If * damage to the pole from lightning 
flashover can be accepted, the “safe” curve should be 
used and if hom-gaps are to be applied tiie “critical” 
curve. ■» 

Protecting gaps for crossarms must be designed for 
each combination 'of insulators and crossarm length as 
the voltage appearing on the crosseirm is dependent 
upon the relations in the particular combinafion and the 



LENGTH OF WOOD GUY INSULATOR IN FEET 

Pia; 11 —Hoen-Gap Protection op Wood-Gut Insulatobb 


to be an effective method of protecting wood from 
damage due to lightning flashover. The controlling 
dimaisions for designing protecting hom-gaps for poles 
and sticks are givmi by Figs. 10 aj^d H respectively. 
The “safe” air-gap dimensibns are such that their 
sparkovef values are equivalent to that of poles or 



protecting air-gap must be so proportioned that it will, 
have a sparkover value lower than tihe voltage appearing 
on the crossarm. Actual tests were not made to deter¬ 
mine controlling dimensions; however, a suggested 
procedure is as follows: From Fig. 7 obtain the spark- 


Pia. 



12—^Ratio op Wood-Pole Gap to Wood-Gut InsuiiAtob 


POE Gut Insulator Protection 


sticks having insulation strengths equivalent to the 
minimum samples tested so the factors of safety ob¬ 
tained are dependent upon the characteristics of the, 
particular ^ecimens of wood.. Not only must the air- 
gap be. of proper relative length, but tlie clearances frofaa 
all points of the horns to the wood must be such that 
arcs will not oecpr from the horns to the wood and then 
along ite surface. • * * 

Instead (rf applying horns directly to guy insulaWrs, 
■flie tests indicated that protection could be obtained 


over voltage of the particular insulator and crossarm 
combination,—interpolating, if necessary; then deter-* 
tniTiA the increase in sparkova: voltage effected by the 
crossarm by subtracting the sparkover voltage of the 
insulators alone; take 80 per coit of the resiflting value 
to allow for variations in aossarms, determine the air- 
gap length from Fig. 5, and then obtain the clearance 
between the hom tip and cressarm directly fromFig.ll, 
ijpi-ng tite elear length of crossanp to be protected as thfe 
abscissa. 

Whether protecting horns for poles, wood-guy insu- 
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lators, and crossaxins designed with these dimensions, 
will be effective for actual lightning must be demon- 
sl 3 :ated by field application, or, when more is learned 
about lightfiing, including direct strokes, it may be 
possible to simiilate mere nearly the conditions in the 
laboratory and devise improved methods for protecting 
wood or modify the dimensions given by the curves. 

V. Application op Data 
General. This investigation should not be inter¬ 
preted as a general recommendation that wood be used 
to increase the impulse insulation strength of lines, as 
it is not practicable to use wood in all localities on 
account of the possibility of crossarm and pole fires; 
it may not bew desirable or effective to increase the 
strength of the lines materially above that of terminal 
eqxupment in all Cases; the value of increased inAilation 
as reflected in line performance has not been detef- 
mined, and the use of these data must be regarded as 
experimental. 

Several lines ax^ now in operation, in localities where 
lightning is regarded as severe, on which the results of 
these tests have been applied. Their performance is 
being observed very closely and they are already yielding 
some interesting formation. It must be remembered, 
however, that considerable time may be required to 
obtain conclusive confirming results from operating 
experience. 

Br&emt Conventional Designs. The data can be used 
for the purposes of comparing and checking the impulse 
insulation strengths of designs utilizing wood, correcting 
inconsistencies such as inadequate clearances to guys 
ind inaufficifflit insulation at structures where the hard¬ 
ware is grounded; also schemes for protecting wood 
may be devised for structures particulariy subject to 
damage. , 

Modified Designs. WhK'e it is practicable to have 
wood in the insulating circuit, and desirable to increase 
the impulse insulation strmigth of lines, the crossarms 
and jJbles may "be employed to advantage in varying 
degrees in combination witii the insulators. The cross- 
arms can be used in designs where conventional over¬ 
head ground wires or pole grounding wires are installed. 
Protection from damage may be provided if there is a 
probability of crossarm splitting' with the particular 
combination of insulators and crossarm. It is neces¬ 
sary to give particular attention to guy clearances and 
. the insulation at special structures in order that the 
desired TninimuTB insulation strength be maintained 
throughout the line. 

The insulation strength of lines without overhead 
grotmd wires may be inCTeased matdHally by the use of 
long wood guy insulators for increasing the insulation 
strengths of the guyed structures. An experimental 
design which has been used for 66-kv. to 132-kv. H- 
fi'hme lines employs wqod guy insulators abeut 20-ft.. 
long. Protection for the guy instilators is provided by 
a hom-gap on the pole; the crossann is protected by 

• •a 


hom-gaite or a bonding wire is installed along the end 
sections of ^e arm to prevent splitting.. It is desirable 
to utilize th*e crossarm, or at least a part of it, in order 
to increase the insulation between phases. All-bonding 
and grounding may be omitted from the imguyed 
structures, or pole gaps with or without hom-gap pro¬ 
tection may be installed similar to those on the guyed 
structures. Such designs will have impulse insulation 
strengths of ^m 2500 kv.to 3000 kv., though there is 
no reason why the insulation strength to ground cannot 
be ina*ea5ed considerably above these values. Ten- 
foot wood guy insulators have been used on several 
66-kv. single-pole lines. 

Insulation strengths of this order are, of course, not 
immune to lightning fiSshover nor is it possible to state 
the degree of improvement in service which may be 
realized. Surge-voltage records which have been ob¬ 
tained on one of the 66-kv. lines have indicated several 
lightning voltages in the order of the values obtained in 
the tests; also the schefnes for protecting guy insulators 
have been quite successful. When more opiating ex-' 
perience has been obtained on the experimental lines, it 
may be possible to make more definite statements re¬ 
garding the value of wood and its protection when used 
as insulation for lightning voltages. 

Substation Protection. Substation and apparatus 
impulse insulation strengths will usually be lower than 
that of connecting wood-pole transmission lines which 
have been designed to utilize Ihe wood and therefore 
should be protecte(Mrom surges originating on the lines. 
Reduced insulation, adjacent to the substations, spill¬ 
way, or protective gaps, lightmn'g arresters or Combina¬ 
tions of these, if properly coordinated should provide 
the desired protection' » 

Conclusions ^ 

Wood has quite, d^ite and reasonably uniform 
impulse insulation strength which is not materially' 
affected by psual amoimts of moisture or contanoination. 

It should be practicable to ptilize wood to increase 
the impulse insulation strength of lines‘in many situar 
tions where there is little danger of crossarm or pole 
fires from leakage ciurents. Wood should not be used, 
however, as a means of reducing the amounts of porce¬ 
lain insulation required to successfully insulate the nor¬ 
mal line voltage. * 

Wood can*evidenriy be protected from damage due to 
lightning discharges by providing a parallel air-gap of 
Iowa* sparkover voltage value than the section of wood 
being protected. 

, The impulse sparkover voltages of combinations of 
insulators and wood are not equal to the sum of the 
sparkover values of the component parts. 

Partial sparkover of the insulators only may occur at 
lower li^tning voltages than are required for complete 
sparkover to'groimd, particularly Vhen the wood is wet. 

Application of these data must be regarded as experi¬ 
mental ; also the voltage values given are for the particu- 
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lar test-voltage wave. Fufther tests would«be very 
desirable, particularly when more has been learned 
about the characteristics of actual lightning and addi¬ 
tional operating experience has been obtained from the 
application of the results of these tests. 
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’HIRSHFELD: REHABILITATION OF STEAM POWER PLANTS 


Abridgnient of 

Rehabilitation of Steam Power Plants 

BY C. F. HIRSHFELDi 

Associate, A. I. S. E. 


Synopsis,—Certain pertinent history of recent development 
in the fidd of power generation is given in graphic form. The 
proUem of rehaMUation of steam power plarUs is shown to arise 
from the great rapidity of this development. *While no simply rule 
can be given to indicate when, rf cti all, rehahilitaHon is fusttfiahle, 
certain guiding criteria which may serve as aids in analysis are 

4 - 

T HE^exceedingly r^pid evolution of the art of gen¬ 
erating electric power is known in a general way 
to all who havtf more than a casual contact wth it. 
However, even those whose daily business consists of 
power generation frequently fail to appreciate the speed 
with which we have advanced, or the significance 
, thereof; Among the items inJpqrtant in picturing the 
development* over the past qflarter century are: (1) 
Increase in steam^ pressures; (2) increase in ^ total 
steam temperatures; increase in physical size of 
boiler unite; (4) increase in steaming capacity of 
boiler,unite; (5) ina-ease in main unit turbine 
Sizes; (6) increase in thermal economy of plants, and 
(7) increase in kilowatt-hours per man hour. 

The decrease in the average number ofc heat unite 
utilized in tihe generation of a kilowatt-hour represents 
. a remarkable procession in the direction of lower 
thermal cosite> but we app^ to be approaching the 
place where further improvement will be much less 
rapid. 

Of course .the decreased^ thermal consumption is 
not self-justifying, as it may have been obtained with 
more than a compensating increase of fixed charges. 

1. Chief of Researeh Departmeat, The Detroit iflison <5o., 
Detroit, Mioh. ’* 

Presented qf the Summer C^ention of the A. L E. E., Swamp- 
•scoU, Mass., Jurre 19i9. Contplete copies upon request. 


stated. These are followed by bri^ aceourvts of the various methods 
available for rehabilitating plants to different exterUs. 

Finally, it is suggested that the possibility of later rehabilitation 
be taken into account when designing plants for systems in which 
history or argument indicate that such action is to be expected. 

♦ • • * * « , 


Unf ortunatdy, experimice is not yet. suJfficiently exten¬ 
sive to Tnakft possible a complete analysis. One can 
reason only from the reports of the few who have 
actually built and operated the thermally efficient 
plants. On such a basis and under certain conditions, 
they at least seem to be justified. 

The kilowatt-hour generated per man hour is a sub¬ 
ject to which little attention has been given in the 
literature of this subject. The increasing output per 
man hour is in line with the general movement through¬ 
out the industrial world. In this case, it is broi^ht 
about largely through improved load factor, combined 
with the use of boilers and turbines of ever increa^g 
capacity per unit. There has also been a conscious 
effort to design stations in such a way as to facilitate 
operation and maintenance and thus decrease the num- 
bCT of men required. 

From the executive’s point of view |he rapid advance 
.indicated by a study of the items listed above has had 
two opposing results. On one hand, the total cost of 
producing power has been decreased; on ffie other 
hand, the rate of obsolescence has been high, and 
invested capital has therefore been imi)aired. The 
net i^ult of all the forces concerned has been a gradual 
but con^stent lowering of* the sdling price of power. 
‘But the decrease in this price bhs naturally not been w 
great as it would have been had it been possible in 
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some magic way to wipe out of existence the older and differenc between conditi&ns which arise in the case 


less efficient plants as more modern ones b^ame 
available. ... 

The situation from one point of view is shown in 
Pig. 8. The solid line represents the thermal per¬ 
formance for a t37pieal metropolitan system in which 
the rate of growth has .been rapid.. In drawing the 
line, certain liberties have been taken with facts, in that 
the effects of variables other than those here under 
consideration have been omitted. The dotted line 
shows what the values would have been if at the time 
o^each improvanent, all earlier equipment could have 
, beai junked and the required capacity obtained with 
equipment similar to that just installed. One of the 
problems of the«xe8utive of light and power companies 
is to determine from time to time just how far he is 
justified in moving values such as those shown by tiie 
solid lines nearer to those shown by the dotted ones. 
Putting it in another way, tiie problem is to determine 
from time to time that balance between production and 



Fig. 8—^Thb Epipbct of Additions to Ghneeating Capacity on 

^ Thermad Economy of a Repebsentatiyb Q-bneeating System 

• 

The solid line Indicates actual conditions while the dotted line shows the 
thermal economy which would be attained If the older parts of the system 
were replaced by eanipment on a par with the most modem section 

capitabcharges which vrill represent the best compromise 
for all concerned. It is out of this problem that we get 
rehabilitation and reconstruction of power plants. 

It is self-evident that no simple rule can be set as a 
criterion of the advisability of sudh operations. There 
are too many variables of divergent nature. It is of 
cou^ true tiiat the old simple rule, to the effectthatin 
the limit an improvement must at least so reduce 
. production costs as to balance resultant capital costs, 
holds in a general jpay. But it is equally true that thf 
" effect of improvement upon both sets of costs is in 
general so complicated that exact calculation is very 
difficult, if at all possible, in any given case; and a 
universally applicable formula is practically non¬ 
existent. Moreover, there are frequently many almost 
immeasurable, althot^h .veryjangible, factors that enter 
the problem, so that’judgment must to some exi^t take 
tiie place of exact calculation. 

There is one very anteresting aspect of this problem 
whic^i should be mentioned at this point, dt is* the 


of rapid and slow growth respectively. It happen 
that most df the light and power companies of this 
country have had a very rapid growth. This is a 
situation very favorable to the maintenance of high 
standards and low costs, whereas with a lesser rate of 
growth, the problem^, involved are far more complicated. 

Consideration may now be given to some of the things 
which cause rehabilitation or even complete 'replace¬ 
ment of power plants. The more important of these 
are listed below: 

1. The plant may be thermally 4nefficient in com¬ 
parison with current standards of performance. 

2. The plant may be inefficient in the use of man 

power. * 

3. The plant may be inefficient in its use of ground 
area. 

4. The plant may be inefficient in its use of invested 
capital; such as occupyng a larger building than nec^- 
sary, opwating boilers at low steaming rates, etc. 

These simple statements should not be understood 
to indicate that figuratively, one can stand off to one 
side of the problem of rehabilitation and decide offhand 
with regard to the significance of these controlling 
factors in any given case. In each case, certain rather 
rough calculations will usually indicate the relative 
magnitudes of inv&tments, wa^ quantities, and areas 
and volumes required to obtain certain approximately 
determined capacities, investments, and thermal per¬ 
formances. Such i)^liminary calculations will then 
indicate the impracticability or even the absolute 
impossibility of certain solutions, leaving a. much 
restricted field for more intense study. 

It is practically impossible to set"do^ definite rules 
or even guides regarding the rehabifitation of steam 
power plants. A few outstanding facts may, howevo*, 
be indicated. , • « . 

In most cases, botii impfqvKnrait of tiiemjal efficiency 
and increased capacity be possible, and it is neces¬ 
sary at the start of the problem to .consider which of 
these possibilities, if either, il* to be* favored. In 
general, increase of capacity beyond c^tain limits will 
be attainable only by sacrificing certain thermal 
possibilities and a dear picture 'of the relative impor¬ 
tance of the two will assist greatly in steering a reason¬ 
able course through the maze of things that might be 
done. Usually, the .possibility of increased capadty 
should be given first consideration because certain 
limits to such increase are sq easily discovered. 

. Thus, it would naturally, be foolish to consider 
incre^ of capadty if the increased output could not 
be transmitted or distributed from the site in question. 
In many cases the available number of routes is limited 
and these may be fotmd to be used to tiie limits of their 
resnectiva capacities. Naturally this is logically the 
first mattenfor study. • *' 

If Jthe powCT could be got away if generated, the 
next logical step is a study of t^ose things whidi may 
limit ability, to generate on that particular site. These 
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would be primarily the quailtity of water available for 
condensing purposes and the possibility of delivering 
the required amount of fuel. If all ayailable water is 
now bqing used, as determined either by the supply or 
the size of canals that must be used, increased output 
can be obtained only as the steam rate can be reduced, 
or as the vacuum is permitted to b^ome poorer and the 
thermal efficiency proportionately sacrificed. 

If th^ water and fuel supply appear adequate, the 
area of the site and area and cubical content of buildings 
come into consideration. Any of these may place 
unfortunate limi&.tions on increase of capacity, but 
they are in general not so controlling as the 6ther factors 
just considered. ’ 

Finally; the adequacy of existing switching equip¬ 
ment should be given attention. Any schraae which 
will pamit the use of existing equipment would natu¬ 
rally stand a better chance of financial justification than 
one which required complete rebuilding of the electrical 
end of the plant. • 

• With such possible limitations clearly evaluated, the 
most important decision in the average case, and that on 
which all else may be said to hang is whether the 
boilers are to be retained or scrapped. If they are to be 
retained,, the operating steam pressure is limited to its 
earlier value except in those cases where a high-pressure 
unit is installed as an addition to eSdsting equipment. 
If the boilers are to be retained, there is definite re¬ 
striction of choice as to what may be done; on the other 
hand, there is the certainty of a sm^jler expenditure. 

There has been much misunderstanding of tiie 
significance of high steam pressure. It so happ^s that 
a very rapid improvement in the thermal efficiency of 
power plants has occurred during the same time that 
we have been stepping up steam pressures. As a result, 
many who are not familiar with all the details have come 
to assume l^hat the first is entlrejy the result of the 
« second. Thjs is really far from a complete statanent of 

thefacts. . • - x 

During the same interval, we have increased the 
boiler room efifciency from values falling between 70 and 
78 per cent up to values falling between 84 ^d 89. A 
change from 78 to 88 represents a fuel saving of over 
llpercent. 

We have also adopted the regenerative cycle of 
operation, that is, heating of tiie feed-water in steps by 
•mpATia of steam bled from the turbine. This represents 
a saving var 3 dng from 6 per cent to lllper cent whoi 
referred to the coal pile. , 

It should also be noted that, in addition, we have 
increased the total steam temperature. In a period 
of about 15 years we have gone from a total tempera¬ 
ture of about 600 deg. fahr. to a total, temperature,of 
about 725 deg. fahr. This change of temperature is 
equivalent to a thermal improvement of between 4 ^d 
5 pw cent for tfie plant as a whole. During aU this time 
the design^ of the steanr turbine itself has been s<xim- 
•proved as to result in a material reduction in heat con¬ 


sumption at any given pressure, temperature, and 
vacuum. 

It is therefore apparent that it is not correct to 
attribute all of the improvement in the thermal per¬ 
formance of the past ten years or so to increasing steam 
pressures since many other factors have contributed. 

As a corollary, it follows that in the rehabilitation of a 
station, it may be possible to do much that will result 
in improvement of the thermal efficiency even though 
the original steam pressure must be retained. 

The decision with respect to the use of higher steam 
pressure is not confined ©atirely to its effect upon the 
thermal efficiency, because increased capacity can be . 
obtained in this way through the use of comparatively 
small high-pressure turbines discharging into the old 
turbin^, utilizing the old condensers. Therrfore, 
while the boiler room investment would necessarily be 
high, this may be balanced by a comparatively small 
turbine room investment. Also, the use of the old 
generators would make it possible in general, to use the 
old switching equipment, although there would natu¬ 
rally have to be additions to take care of the generators 
of the new high-pressure turbines. 

Thus far the majority of cases of rehabilitation have 
fallen in the class in whidi the old boilers are retained, 
thus accepting the limitations set by the original steam 
pressure. At present, these are the more interesting 
and probably the more important. 

The following methods of attack are availabb in 
such cases: 

1. The boiler room efficiency may be greatly im¬ 
proved without materially increaang*the steam generate 
ing capacity. This can be done by the use of moib 
modem fuel burning equipment of one sort or another, 
by the addition of economizes or preheaters, or both, 
and occasionally, by improvjri baffling of tiie boilers. 

2. The boile room efficiency may be greatly im¬ 
proved, and at the same time, the steam geneating 
capacity may be increased to a very great exteit. It 
is not at all impossible to double or more than double 
the steam output of an old boUer rqom by using m- 
proved combustion equipment of greater fuel burr^g 
capacity, while at the same time bettering the boiler 
room thennal efficiency through the use of economiz^ 
or air preheaters, or both. It will be found generally 
advisable to use a certain amount of furnace 
cooling in such extreme cases so as to gain the increased 
output most easily and hold in check the tendency 
toward increased furnace maintenaq^ce. In this co^ 

. nection it should be noted that frequentiy it k pebble 
to obtain greatly increased furnace voli^e by 1 ^°^- 
ing existing fioor lewels and utOizing mod^ a^ hand¬ 
ling equipment which requires little hm^t for its 

installation. . 

3. * The turbine room efficiency .jaay be mcrea^ by 
raising toe steam temperature. This will naturafly 
‘involve more superheater surface, or atl^tdifferen^tly 

located surface. In most cases the use of some sort of 
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radiant superheater in series with the older superheaters main unit. In fact, to a Certain extent it is obtained 
• win be found advantageous, but a careful study of whenever that steam which is used for heating fe^ 
pressure drop through superheaters and connections water has d8ne t)seful work before being used for this 
must always he made. This is of particular importan’ce purpose. From the thermal standpoint, it is, most 
when the steaming capaicity of the boilers is also in- perfectly obtained when the steam has done the» 
creased. The adoption of higher superheat will usually greatest amount of work before being used for heating, 
involve minor rebuilding of the high-pressure end of the and when the heatinjt is done in the greatest number of 
turbine, and in some cases, major rebuildingofthatend. temperature steps. Practically two, or at the most 
4. The turbine room efficiency and capacity may be three, steps will ordinarily prove economically the best 
iuCTeased by several different methods. The most with moderate steam pressures, such as one would 
obvious but Usually the most expensive is by the expect in plants now being rehabilitated, 
installation of new, larger, and more efficient turbines The fact that comparatively smaU turbo generators 
^ • taking steam at higher temperature from a boiler room can now be obtained with steim rates which compare 
, of increased steaming capacity. When this method is very favorably with those of their larg^ brothers opens 
adopted, it becrnnej comparatively easy to introduce up possibilities of effective regenerative feed' heating, 
regenerative feed heating, because the new tyrbine even when the main units are not equipped with bleeder 
casings will be supplied with bleeder outlets. There-, nozzles. Thus, a new unit equipped for bleeding very 
fore the improvement of thermal efficiency from regener- great quantities of steam may be used to supply auxil- 
ative heating can readily be obtained. Larger con- iary energy and such part of the station output asmay be 
densers,or additions to existing condensa^ may have to necessary to produce the required amount of steam, 
be provided. The old electrical switchgear can some- The steam bled and exhausted from this unit may then 
tjpies be iised by adopting a double 'winding on the be used for regenerative heating of the condensate 
generators so that the capacity per swit(A is held within from all main units. Thermally, the result would be 
the old limitations. the same as that attainable through bleeding of the 

A less ob'vious but very effective method of obtaining main units if the steam rate of the small unit were the 
increased capacity and efficiency is found in the com- same as that of the larger. Practically, the resffit 
pounding of old turbines wi'th new turbines. At first will g^OTally not*be quite so good because of the 
glance this would appear to be practically im- higher steam rate of the snaall unit. 
possfljlS without rjusing the steam pressure, but this is It is worthy of note that rehabilitation of the sort 
no* the case; two old turbines may be rebuilt to which greatly increa^ station capacity will generally 
receive steam at lower pressure and temperature than result in a radical reduction of investment per unit of 
they did before, and thus serve as low-pressure ele- capacity. It is not at all imcommon to obtain the 
mbnts to a single new turbine taking steam at boiler increment capacity at from foiu to six tenths of the 
pressure. In such cases, the extait to which regener- investmmit characfbristic of the original station. On 
ative heating of feed is obtainable will depend upon the other hand, the rebuilt station ia generally more 
• the design of the casings, of the original turbines; crowded than the original, and opm;ating facility may 
naturally the new turbine can be designed for bleeder have been sacrificed ^ S certain extent in p);6du<^g it. 
nozzles, and the exhaust connection between it and the The reduction of man heufs.per unit of statin send-out 
older units can be tapped for feed heating. This which should follow the increased capacity may thare- 
generah method ’can be made ■to yield an increased fore be partly counterbalanced throiigh having to use 
generating capacity of at least 60 per cent and a marked more men than would be used in aliew station of giTwilar 
improvement of over-all efficimiey as well. unit sizes. 

Even when neither of the methods just considered is It is true that some executive engineers do not accept 
available, it is still frequently possible to obtain in- rehabilitation as economically justifiable in their own 
creased output by rebuilding the old turbines and systems. Therefore, it is not legitimate in all cases to 
generators. No mcaet values can be given, but increases predicate original station design on the assumption that 
of the order of 15 to 20 per cent, and occasionally even rdiabilitation*will be & necessary part of the history of 
, more, can be obtained in 'this 'way, while at 'the same the plant. HoHyever, such rebuilding 'to a greater or 
time materially i^ipro'ving 'the over-all, 'thermal per-, lesser extent appears to he becoming mone general 
*“ formance of the station. .than it once was and the history of any given system 

6. Even 'though it may prove economically unde- 'with respect to such practises should be given serious 
sirable to replace or to reb'uild the old turbines, it is study when designing new plants for 'that particular 
still frequently possible to marked thermal im- system. If it has been one'in which rehabilitation has 
provement over 'that which is to be ob'tained in the been found economically desirable it is ob'viously the 
boiler room. _This gan be ^done through modi^ca- part of 'wisdom 'to design rather genero'usly wi'th respect 
tion of 'the^ auxiliary power supply and the heat Jialance 'to ground area, fioor area, cubical contents, and clear- 
of 'the station. One is inclined 'to thmk of regenerative anc^ so that if and when rehabfii'tation becomes neces- 
feed heating as necessarily tied to the bleeding of each sary tir^e may be the greatest d^ee of fiexibility. 
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Effect of Color of Tank on the Temperature 

of Self-Cooled Transformers under Service Conditions 

^ XT T ^ 


. ** BY V. M. MONTSINGER* 

• Fellow, A. *1. E. B. 

Synopsis— The effect of color on Hie iefkperaiure ofoiUmmereed 
eelf-cooUd transformers under service conditions has been a mooted 
question for.a great many years. Based upon the relative absorptim 
powers of the vanous colors oftenusedinpainting transformer tanks, 
the lighter colors should give appredahly lower tempesatures in hot 

dimaie sections. The results of three series of field tests eo^ucted on 

actual transformers are*given in the paper. The resyJ^, however, do 
not show the advantages for the light colors that would he expected, 
hosed solely upon the ahsorptim powers of the colors. • 

A method of calculation is used toKheck the test results, taking 
into consideration the various factors which apply to a transformer 
and do not apply to, say, a piece of metal pointed and exposed to the 


and L. WETllERILL* 

Associate, A. I. B. B. 

sun's rays;i. e. the ratio of the area of the surface exposed to the 
sum to the total surface dissipcding heat, the difference in tfeormot 
capacities, and the condition where in one ease the feet piece is dt^ 
siting heat as well as receiving heat from the *««- 
otAer cose it only receives heat from the sun. It is -shown thM wh^ 
all the factors are taken into consideration, the cokmloted results 
cheek the observations very closely. Finally, it is shown tha 
selection of color for repainting transformer tanks exposed to the 
sunshine should be based primariay on duraUlity and appeara^ 
rather than upon color, since the differeneeAn temperature resulting 
from a tank painted black and aluminum, or even while, will seldom 
excBed %TiB OT two deg, c&uU 


these tests with theoretical restilts; in other words, to 


mmmWi 


T these tests witn -; ; iT . 

I. Gene^ , . , 4 . ,, show bv a method of calculations *that we should not 

T he predetermination of the ulti^te temperate ^ from the light colors for 

rise of a transformer operating rn^e shade with J^^er consideration. 

constant load and ambient conditions is a com- conditions u 

paratively simple problem. , - 

Also, the effect of color on the temperatme rise undo* ^ 
these conditions can be calculated, knowing the 
sivity of the color and the pOTcentage of losses dissi- 

pated by radiation and convection for a given color. ^ 

In service, however, we have a more compli^t^ 
set of conditions to deal with, ma|}png it more diflBcu 
to predict the effect of color on the tempCTatine of 
transfopners. For example, only a part of the tanks |38 
surface is exposed to tiie sun’s rays. The p^t exp^^ | ^ 
is absorbing heat whUe the pa»t unexposed is not af- « 
fected by the si&i's rays. The tank is expo^ only a gao 
part of the time—during the day,—while atmght condi- g 
tions may be altered; i. 6., 8otee surfaces that are 
, advantageous in the sunshjffe ,are disadvantegwus m ^ 
the shade. * Also, the solar intensity varira dumg the 
day, which complicates the problon still further. w 

The impression is prevalent that a transformer tank, 
if painted with a light color, will operate at an appr^i- 

■ ablyiower temperature in the sunshmeth^ if painted 3 , ^ “-;ugu^25.i909 

blak This impression is based upon either therein- august23.i 9<» AUGusr24.i909 

tive absorption powers of the colors or _ S—Bpfect or Sun upon Heating op Tbanspormees op 

apparatus under conditions •not applicable to trans • Dipfbrbnt CoiiOBs 

All tests which have been made on teaasformers und^ plain tanks. Temperature by thennom^ 

service conditions show, however, that the gam result- top on. Teste made m pittsneid 

ine from painting the case a light color is hardly worth, „ ^ 

considering. • , .... II. ResItlts op Tests Made Undeb Service 

The objects of this paper are, (1) to give the results of - Conditions 

the available field tests, and*(2) to reconcile the results of ^ wilder service conations 

___ niT_ . . « -1-I n/r_ Holif ftnH *nallas. Texas 


7 11 NOON 3 

AUGUST 24.1909 


IlMIDN. 3 

august25.1909 


^ top oil. Tests made In Pittsfield 


•Botli of the General Bleotrio Company, Pittsfield. Maa^ 

Presented at the Pacific Coast Convention of.the A. I. & B., 
Santa Monica,*CaUf.,eSept. S-6, im. Complete, copies upon 
requeaU * • • 


II. ResItlts op Tests Made Under Service 
Conditions 

Three series of tests made under service conations 
(at* Pittsfield, Mass., Fresno, Calif., and Dallas, Texas) 
are given and analyzed: ^ 

Pittsfield Tests. In 1909 ar series of tests was made 
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at Pittsfield, Mass. Some 5- and 50-ky-a. lighting 
transfonners were tested in an exposed location. Tests 
were made with tanks painted black, ^ white, and 
aluminum. The transformers were loaded by the 



Pio. 4 ^Bffbot of Son ttpon HuATiNa of Thansfobmbes of 
Dipfebent Coloes 


Kormal excitation—sbc-bonr full-load 

60-kv-a. transformers with cast iron corrugated tanlis. Temperavure 
* by thenporaeter In top oil. Tests made in Pittsfl^d 



Eig. 5—^Eppbct op Sxtn tipon Hbatiko op Transpoembes op 
Dippbbbnt Colors 


Continuous full load * 

5-kY-a. transformers with plain tanks. Temperature by thermometer 
in top oil. Testa made in Pittsfield * 

‘loading hack” method, which insured eqxial loads bn 
all pairs. / • 

Figs. 3 and 4 show the results of tests made wildi six- 
hour full load foUowi^ normal escitation at 6 p. m. 


and 11:30» a. m. The eflfeet of the color is not very 
great, the maximum difference occurring at 4 p. m.. 
showing only 3 dfeg. cent, in favor of white paint over 
black. 

Fig. 6 shows the result of a continuous full-load run.' 
The difference in temperature is still less,'the maximum 
difference being aboi^ 2 deg- cent. 

Fresno Tests. In 1922 Messrs. Moore and Moulton 



Normal excitation—^normal load 

Three-kv-a. transformers with plain cases. Temperature by thermoin- 
•ter in top oil. Tests made in Fresno, Oallfowila 


of the San Joaquin Light and Power Corporation con¬ 
ducted a long sOTies^of teste* on several 3-kv-a. lighting 
transformers, in the sunshine at Fresno, Calif., where 
the air reached a maximum temperature of 38.8 deg. 
cait. (102 deg. fahrL 

Fig. 8 shows data for full-load runs. The following 
average temperatures were observed during a .24-hr. 
period starting at 8 p. m., September 19. 

■ r 


Color of case 

Average 

ambient 

Transformers w^ 
temperal^ure 

tth normal load 
rise over air 

Deg.'' 

fahr. 

r 

De«. 

/cento 

r 

Deg. 

fahr. 

Deg. cent. 

r . • 

Ayg. 

Max. 

Avg. 

Max. 

Black.... 

85.5 

29.7 

43.3 

53.2 

24. 

29.5 

Medium gray. 

85.5 

29.7 

42.5 

52.1 

23.4 

29.0 

Light gray... 

85.6 

29.7 

41 

48.6 

22.8 

27.0 


Many more teste were made than shown above. 
However, the general results w®*e the same. 

The following comments are from the report by 
Moore and Moulton on these teste. They will be of 
interest since l^ey wwe made by operating engineers 
‘ who have trahi^onners operating in one of the warmest 
sections of the United States. „ 

* “The number of successive days during which tests 
were made and the consistency of the residte leaves little 
doubt as to the accuracy of the full-load teste. The 
fact that a gray paint will nut reduce the oil tempera¬ 
ture more than 3 or 4 deg. fahr. or 1 or 2 deg. cent, 
during the extremely hot weather encountered in the 
San tloaquln Valley seems established. “^This was a 
disappointmWt in view of tiie^ seemingly,, prevalent 

1. See BibKography for referenceB. 
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belief that a much larger r^uction for gray paint would 
l>e found. . ^ , 

“We have reached the conclusion, after a very care¬ 
ful study of the results herein recorded, that any addi- 
’tional expenditure to procure a gray case instead of 
black would not be justified. ’ This is in view of the 
fact that the differences in tmperatuxe under full 
load cqpditions do not vary any more than the difference 
obtained from various makes operating .under identical 
conditions. Assuming that gray or black tanks are 
available at equal cost, and that experience shows , that 
gray paint stands^up in service as satisfsiiptorily as the 
black, we should be inclined to favor tiie medium gray 
fe».nV. We feel very strongly however, that any ex¬ 
penditure to repaint black caSes now in service would 
not in any way be justified.” 

Pallas Tests.' Through the courtesy of 0. S. Hocka- ■ 
day of the Texas Power and Light Company, the 
. writers are enabled to give the results of a series of 
teste conducted in 1924 on* three 160-kv-a. trans¬ 
formers with corrugated tanks painted diff^ent colors 
and exposed to the sun’s rays. To calibrate the trans¬ 
formers with reference to each other, temperature of 
each transformer was recorded every day to 6:00 p. m. 
for about a month with the standard paint (aluminum 
with black top and bottom) on alj Ihree tanks. The 
average reading for each transformer showed that 
the northeast unit ran 1 deg. cent, cooler than the 
middle one and the southwest unit ran 0.3 deg. cait. 
cooler than the middle one. ^ 

The northeast unit then painted all aluminum, 
the middle unit all black, and the southwest unit left 
with aluminum vTith black trjmnaings. The average 
results of the readings taken from July 25 to September 
17 are given loelowj as in the calibrating run, one 
reading was takeh at 6 p. m.*each day; fair weather 
occurred during 80 per c^t of the test period. 

From July 26 to September 17 inclusive the average 
temperatures weje: 

.a 


Southwest 



' ^ 823 

• 

Middle aU 

S uthwest 
alum, black 

black 

trim 

60.\ 

50.1 

0 

0.3 

1 60.4 

50.4 


Observed temperature. 

Average correction from cali¬ 
brating run. 

Oorrected relative temp. 


In this case, the all aluminum runs 0.3 deg. cent, 
cooler than toe black. * 

Table I gives toe results of reading taken October 1 
every half hour from 10 a. m. to 6 p. m. Based on the 

TABLE I 

TESTS MADE BV TEXA.S POWER AND LIGHT OOMPANY ’ 


e 

Time 

Kv-a. 

Ambient 

tempera¬ 

ture 

10:00 a. m. 

394 

23 

10:80 

394 

23 

11:00 

396 

23 

11-.30 

425 

24 

12:00 m. 

446 

26 

1:00 p. m. 

360 

27 

1:30 

343 

28 

2:00 

373 

29 

2:30 

370 

29 

3:00 

366 

29 

3:30 

367 

29 

4:00 

324 

28 

4:80 

321 

27 

6:00 

376 

26 

6:80 

384 

24 

6:00 

374 

22 


TrSnsformer temperature 


Aluminum 



Alum, 
black trim. 


Northeast all 
aluminum 

Middle an 
blade 

47.7 

1.4) 

4S.6 

0 . 

48.7 e 

49.6'* 

—-- m -- 


Corrected temp. (deg, cent.).. 48.7 


Thus tfie all-aluminum lims 0.9 deg. cent. cooIot than 
the black. 

That the 20 per cent of cloudy or rainy weather ^ 
not had any great effect cdn be seen from toe foUowii^ 
set of figures, based on seven consecutive days of fair 
weather. . • •> 

Prom August 6 tp 12 inclusive the average tempera¬ 
tures were. ’ • 


XJava XUl.JLU011.Wk wmvwo— ——-- 

Power and Light Company. 

average readings corrected, toe all alu minum tank 
ran 0.7 deg. cent, cooler and toe aluminum-black trim 
ran 0.6 d^. cent, warmer than toe all black tok 
This last set of readings is perhaps toe most rdiable 
fiiTipo it took account of toe entire day and afternoon, 
when toe aluminum color’shows up to best advantage. 

Pittsfield Tests on Aluminum Tanks. The preceding 
teste showed a slight advantage for aluminum but they 
were made under circumstances favorable to al uminum . 
Teste made with toe tanks shaded from toe sun show 
toe disadvantages of aluminum. 

Some t^ WCTe made in Pittsfield in 1926 to show toe 
effect of aluminum paint on operation in the slme 
(indoors) on two standard 25-kv-a. transformers, having 

plain cases. _ 

Two unite having toe same losses were first tested 

’with their tanks painted black. The two ta^ 
then painted aluminum and the test repeated wjto 
’results shown below. 


Transf. 

No. 


Average 


--- Max. tank 

Booifi Top ofl rise deg. cent. surf, rise deg, cent. 

de^^t. Alum." Black Alnin. 
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The oil rise of the aluininuna tank was 126.5 per cent 
of the black tank. The maximum tank surface rise of 
the aluminum tank was 126 per cent of the black ta^k. 
This checks, vay well the estimated percentage of 
about 130 per cait, assimung a low temperature emis- 
sivity of 0.56 for aluminum paint. 

The effect of aluminum paint in increasing the tem¬ 
perature indoors is lessened on radiator and tubular 
tanks, but njay still be appreciable. A tank with four 
rows of tubes will run by calculation about 12 per cent 
hotter with aluminum paint when operating in the 
shade. Even on the largest tanks with radiators as 
close to each other as possible, it is estimated that 
aluminum paint will increase the temperature rise 
about 7 per cen^ wl^pn operating in the shade. 

III. CALCinATION OF EFFECT OF COLOR* 

The thermal behavior of a transformer operating m* 
the sun under variable conditions can be calculated 

, , *TABIiBl n 

LOW TBMPEBATUBB TOTAL BMISSIVITIBS 


quite accurately using a pdint by point solution. Two 
cases are worked out in the complete paper. The 
results of the fErst case are shown in Fig. 12. The 
behavior of the black transformCT was used as -a base , 
to determine the effect of the sun, for use in calcu^ 
lating the behavior of the white transformer. 

IV. Conclusions 

A. In Shade. 1. The temperature rise of-u trans¬ 
former in a tank painted with a non-metallic paint is 
practically^independent of the color. 

2. Metallic paints radiate less heat than non-metal- 
lic paints and may cause a transformer to overheat. 

3. A plain aluminum painted tank will run approxi¬ 
mately 30 per cent higher temperature rise* than if 
painted with a non-metallic paint. 

4. Thirty per cent represents the maximum increase 
of temperature rise caused by painting a tank ^xh 
aluminum instead of a non-metallic paint. If a plain 
ta.nTf is finished with a surface having a lower enaissivity 
than aluminum the temperature increase naturally will, 
be more than 30 per cent, increasing to about 75 per 


^ Silver, highly polished.0.02 

Platinum " “ 0.06 

Zinc " “ 0.06 

Alnml-mim “ “ 0.08 

tMonei metal, policed.0.09 

Nickel “ 0.12 

Oopper ** 0.16 

Stellite “ 0.18 

Oast iron " 0.26 

Monel metal, oxidized.0.43 

paint. 0.56 

Brass, polished.0.60 

• Oxidized copper.0.60 

Oxidized steel.0.70 

Bronze paint.0.80 

Black gloss paint. .*.0.90 

• White lacquer.0.96 

White vitreous enam^.0.96 

Asbestos paper.0.96 

Green paint.0.96 

Gray paint.0.96 

Lampblack. 0*05 


*These data are the result of investigations made by the Bureau of 
Standards, the British National Physical Laboratory, Genei^ Electric 
Kesearch Laboratories, and several eastern universities, and were collected 
by W. J. King of the General Electric Oo. 
tQuestk>nable because of scant or inconsistent data. 

♦TABLE III 


UJ 

ce 


% 




rop 

[bp 

ODo 

Ofli 

ffiS 

fWl 

fW 

5r^ 

)ite 

lUs 

rmn 

Tni 

•■.C 

( 

hsfli 

bki 

Sk. 

late 



- 








=S 








1 

/ 










V 









•4 8-12 4 8 12 
A.M. CM- 


Pro. 12—COMPABISON OP Top Oil'Tbmpbbaturb op 50-Kv-a. 
Tbanspormbbs Opbbatino in Sun 

cent* where the emissivily is very low such as for 
polished silver, nickel, etc. 

5. As the surface of-a tank becofiies more and more 
convoluted, (with tubes- and externally' connected 
radiators) the effect of a metallic paint in iifcreasing the 
temperaturerise becomes less and le^, in extreme cases 
getting as low as 7 per cent.* 

B. In Sunshine. 1. The improvement resulting 


OOBPPIOIBNT OP ABSOBPTION OP SOLAB RADIATION 


Silver, highly polished. 



.0.07 

Platinum “ ** . 



.0.10 

Kldid “ “ . 



...... 0.16 

tAlumlnum " . 




Magnesium carbonate. 




Zinc , ,.. 



.0.16 

tSted. 



. 0.20 • 

Oopper... 




White lead paint. 




Zinc oxide paint, m, . 



. 0.30 • 

Stellite, polished. 




jUght cream paint. 



0.36 

Monel metal, polidied. 



__ 0.40 

liight yellow paint. 


........ 

.0.46 

Light green paint. 




Aluminum paint. 




Zinc, polished metal....... 




Gray paint. 




Black matte.f.... 

-•.- 




♦^hese data are the res^t of ^Investigations made by the ^Bureau of 
Standards, the British National Physlctd Laboratory, General Electric 
Research Laboratories, and several eastern universities, and were collected 
by W. J. King of the GenenZl Electric Oo. 
tQhestionable because oT scant orinconsistent data. ^ 


from using special paint onself-cooled transformer tp-nks, 
either plain or with convoluted surfaces, is in service 
very sTnall, hardly enough to be worth considering. 
Even under the most favorable conditions (white lead 
paint, smool5i tank surface, and a hot, sunny day) the 
gain is not more than 2 deg. cent, average during a 24- 
hr. period and in some cases less than 2 deg^ cent. 

2. The repainting of transformer tanks m the field 
for operating in the warmer sections .of the country 
should be based upon the consideration of durability 
and. appearance rather than upon color. 
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♦Refers to oil rise. The ^ding rise over room will be in¬ 
creased the same number of degrees as the oil rise is increased. 
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Electrical Machinery 

ANNtJAt REPORT OF COMMITTEE ON ELECTRICAL MACHINERY* 


To ike Board of Directors: ^ 

The Committee on Electrical Machinery has func¬ 
tioned under an organization amilar to that of last 
year; that is, with subcommittees commissioned to 
handle all the matters of a particuto type of equipment 
that properly belong to this committee. 

After reviewing the proposed standards of the 
I. E. C. on “Rating of Electrical Machinery”, the com¬ 
mittee recommended agreement with the International 
Standards in a number of items, but recommended 
against the adoption of higher temperature rise for 
organic insulation,—particularly for transformers, ^d 
against a few othw features in which European practises 
differ radically from those in America. 

In the new report for transformer standards there is 
included an appendix deagned to outline operation by 
temperature rathw than rafeg, ii^^ch reduces hot-spot 
temperature from 105 deg. to 95 deg. whenever the 
ambient is SO deg. cent, or less. Standards for con¬ 
stant-current tran|formers have been completed and 
presented for reijew. “ 

There is evidence of a misunderstanding of “conven¬ 
tional” efficimciesmad losses that are neglected in slow- 
speed- engine-driven* madungs," on the part of engine 
builders who sometimes chai^ against the generator 
much larger losses than actually east. St|ps have been 
initiated to clarify t^is tituation and to modify the 
standards to include mese small losses. 

Work has been started on the development of stand- 
■ ards^for a-c. commutator motors, and studies have 
been undertaken to establish a reasonable allowance for 

no-load losses when fhese are^not determined by test. 
Mercury arc rectifiers have been actively studied and 

records of their performance assefiibled* Ground work 
for the pr^aration of standards for this equipment and 
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The committee has been cbmmisdoned with the 
preparation of a test code for certain types of apparatus, 
and i^ is expected that this will be the begi^ng of the 
’development of an ^tensive test code outlining gener¬ 
ally accepted methods of test. 

No radical departure in the tize or design of apparatus 
has been evident during tiiepast year,,but there h^ b^n 
a gradual upward tendency in ratings and ^ciencie^. 

In some lines, factory methods are rapidly being 
dianged by the substitution of structural and rolled 
steel parts for castings and it is expected that these 
changes will be reflected more obviously in designs as 
advantageous modifications become evident. While 
the maximum nominal operating voltage has not been 
extended beyond 220 kv., the upward trend in Voltage 
has been evidait in large equipment. More specifically, 
some of the trends and typical examples of recent de¬ 
velopments are outlined in the following paragraphs. 

TRANSFORMEaiS 

While apparently well stabilized in types of construc¬ 
tion, transformers have increased in size, and their small ^ 
margin of losses has bem further reduced. Effitiencies 
have been obtained as high as 99.71 per cent in a 60- 
cycle auto-transformer with 2—voltage ratio and 
99.54 per cent in a 60-cycle two-wintog tra^onner. 
Manufacturer’s testing fadlities have been increased 
until the General Electric Company can secure 
5,000,000 volts with its lightning generator at Pitto 
field, and tiie Westinghouse Company Laboratory is 
capable of producing over 3,000,000 volts. 

The General Electric Company has developed a new 
type of transformer which has been called ^ “non- 
Vesonating.” Published tests indicate that in toe 
“non-resonating” transformer toe voltage distribution 
*is approximately ttnifonn and the ^Bame for high-fre- ^ 
quency impulses as it is for operating fr^uendes. 
These results are obtained by the use of special shields 
connected to line^^rminals but external to toe windi^ 
so that the necessary diarging current can be suppliM 
directly to toe various coils rather than indir^tly 
through line end coils. The first oi toe non-resonati^ 

' transformers has been in operation about two years. 

The use of load-ratio control has materially increased 
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and the manufacturers have reduced dimenaons so that 
they may now be secured on the transformer tanks 
extending but little beyond the radiators. • The same 
t 3 ?pe of equipment in conjunction with regulating trans¬ 
former windings may bf used to obtain phase control. 

Forced air vaitilation supplementing self-cooling is 
particularly effective in large sdf-cooled units in de¬ 
creasing the radiator surface required for maximum 
rating without requiring blower losses on moderate 
ratings. Two types of equipment are furnished, one 
of which consist of a single blower, piped to all radiators, 
and the other, small individual blowers and housings 
, with one attached to each radiator. 

Three-winding transformers have continued in popu¬ 
larity, and th^ 'Wlestinghouse Company reports that 
nearly half tiie power transformers ordered of ilg com¬ 
pany in 1928 were of this type. ‘ • 

Typical of the most notable installations of large 
units may be mentioned the following: 

An 83,333-kv-a. •output, three-phase, 26-cycle water- 
cooled auto-transformer was installed by the Buffalo 
General Electric Company, (furnished by the General 
Electric Company) and probably concentrates in one 
unit the largest kv-a, output so far imdertaken. The 
high-voltage windings consist of two windings, each of 
which is connected to a separate bus section and so 
arranged that a short circuit on one winding tends to 
raise the voltage of the other. 

The largest self-cooled transformer reported consists 
of^40,000-kv-a. three-phase 60-cycle transformers sup¬ 
plied to the United Electric Light and Power Com¬ 
pany of New York by the Westinghouse Company. 

Six single-phase 16,000-kv-a. 'water-cooled 25-eycle 
transformers, with a voltage ratio of 220/110/132 
, kv. with both low-voltage windings of full capacity, 
were supplied to the HyUro Electric Power Com¬ 
mission of Ontario by the Canadian Westinghouse 
Company and are probably phjrsically the largest 25- 
cycle T?nits yet supplied. 

Single-phase self-cooled transformers, with ratings of 
33,333 kv-a. per transformer, self-cooled and 43,333- 
kv-a., with auxiliary air blast, have been installed at the 
Plymouth Metaing Substation of the Philadelphia 
Electric Company and were supplied by the Westing¬ 
house Company. They are three-winding transformers 
with 220-kv. high voltage and are equipped with loa^ 
ratio control. 

•> Low cost, smalLpower supply from high-voltage lines, 
" has berai made available by the standard “substation” 
for use on 66,000-volt grounded neutral system -with a 
capacity of 15 to 60 kw.-single-phaae. The imit con¬ 
sists of an over-insulated single-bushing transformer 
with cut-outs, metering equipment, etc. , 

SYNCjEIRONOUS MACHINES 

’the tendency toward 4arger madbines has cSntinued 
in the field of waterwheel generators, but there has been 
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offlons SO that no incrdhse in size of turbo generators beyond those 
former previously reported. The .use of fabricated construc- 

1 . • The tion has b^n &tended conaderably, and the frames, 

ulating trans- bearing brackets, and rotor spiders of practioplly all 
ase control. machines are built up from steel plates and rolled 
self-cooling is members. 

units in de- The use of quiel#response excitation has increased, 
:or maximum and the rates of changes of exciter voltage that^are now 
on moderate available are in excess of those required for most 
umished, one operating conditions. More experience has been ob- 
► all radiators, witt hydrogen-cooled condensers, to which t3q)e 

and housings ©f machine this method of cooling iS particularly appli¬ 
cable. The designs of high-yoltage machines has beai 
nued in popu- advanced, and several genffl*ators have been built by 
reports that the General Electric Company to operate at 22,000 
ed of ilg com- volts; the Westinghouse Company also is now building a 
• 75,000-kv-a. 23,000-volt generator. The schemg of 

tions of large using two independent parallel windings has been sup¬ 
plied by the General Electric Company in two large 
!6-cycle water- alternators allowing eaJdi winding to be connected to ^ 
y the Buffalo differait bus sections so that the reactance between tiie 
y the General windings acts as a bus reactor between bus sections. 

itrates in one Hydrauijo Generators 

BrtidfksTi* Th© 

idinirs ^ch of waterwheel generators, larger than -^y yet 

■fiction and so ordered from the (Jeneral Electric Com- 

iding tends to I>“epro^oy Hydro-El^tric Devel^- 

ment of Russia. Fabricated construction will be used 

sorted consists in all principle parts of the units. 

lorrea consists following lists the more important machmes 

laormers sup- qj. installed during the past year: 


No. 

• 

Kv-a. 

• Speed 

4 

77,500 • 

V 

88.2 

t 4 

40,626 ^ 

138 • 

A * 

40.000 

81.8 

8 « 

40,000 

81.8 

4 

39,000 

138 

1 

33,000 

126 

1 

35,000^^ 

376/460 

2 

29,000 

loTo 

2 

27,600 

90 

1 

26,000 (Hor) 

143 

2 

26,000 

81.8 

1 

22,500 

71 


Purchaser 

Dnleprostroy Hydro-Elec¬ 
tric Dev. 

Lexington Power Oo. 

Phila. Elect. Oo. 

New England Power Oo,.. 
Brazilian Hydri^Electric. 
Southern Oalif. Edison... 

Alabama Power Oo. 

Norwood Electric Oo. 

Oity of Los Angeles. 

Montana Power Oo. 

Norwood Electric Oo. 


The verti^ Westinghouse and Allis Chalmers units 
are of the so ^led “umbrella” or “overhung type” with 
the guide and thrust bearings located under the genera¬ 
tor rotor. This scheme is Especially suited & madiines 

• whose diameter is large compared to the height. The 
Oono'wingo units have been installed since last Spring. 
Te^ts on the General Electric Company units showed an 
effidency of 97.99 per cent. 

Westinghouse has brought a new line of small genera- 
tore with stmctural steel parts in ratihgs from 62.5 

• kv-a. to 3000 kv-a. at speeds from 100 to AQO rev. per 
mm. 


4 
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Steam TukbinbpGbnerators • 

There were no orders placed this year for any excep¬ 
tionally large units although a numbeiTof Srders were 
received for machines ranging from 60,000 to 75,000 kw. 

> The use of fabricated parts has been extended and 
some units havb been designed so tiiat the change to 
hydrogen cooling* may be added at a later date. Some 
of tiie xmits mentioned in last years report have been 
installed* and are in operation. Among more notable 
installations are the following: 


Purchaser 

• 

Kv-a, 

Speed 

Voltage 

&aft 

Manu¬ 

facturer 

State Line Gen. Oo. 

235,000 

1800 

22,000 

3 

G. E. 

UnitedEl6C.Lt. &Pr. Oo.. 

188,400 

1806 

13,000 

2 

West 

UnitedElec.Lt. &Pr.Oo., 

188,250 

LP 1200 
HP 1800 

13,800 

2 

A. B. B, 

Azner. Gas & Elec. Oo. . 

187,000 

1800 

11,000 

3 

G. B. 

N. YJBdlsonOo. 

160,000 

1500 

11,400 

1 

G. E. 

Brooklyn Edison Oo. 

137,500 

1800 

13,800 

2 

West 

So. Oalif. Edison Oo. 

100,000 

1500 

16,500 

1 

G. E. 

Union Elec. Lt. & Pr. Oo. 

83,333 

180p 

13,800 

1 

G. E. 


The Westinghouse Company has built a 12,500-lcv-a., 
3600-rev. per min, generator with self-contained double¬ 
entrance fans, which design is said to materially increase 
its efficiepcy; 

Synchronous Motors 

The design of synchronous motors has been advanced 
in securing higher efficiency and better torque diarac- 
teristics and there has been an increase in the use of 
these machines for industrial pmpoafes. 

The Westinghouse Company has built two 1000-hp., 
180-rev.*per min. motdrs* for conent mill drive, which, 
while of the salient 4 >ole construction, have polyphase 
damper windings coimected through slip-rings to 
external resistors for starting. 

The first two-speed synchronous motors which have 
previously been described by G;pneral Electric Company 
• have been put in service. ■ • 

Ship Peopu^iSion Synchronous Mc^rs 
Two ships having a* displacement of a little over 
30,000 tons have beai placed in service and are propelled 
at a speed of 18 knots by two 8500-hp. sjmchronous 
motors furnished by ffie General Electric Company. 
Work has been started on electrical equipment for 
other large vessels. • 

Synchronous Condenser^ * 

The Westinghouse Company has built two 30,000- 
kv-a. condensers at 720 rev.'per min. for the Philadel¬ 
phia Electric Company, which are the largest units so 
far constructed at that speed. * 

The first commercial application of hydrogen cooling 
for dectrical machines was made on a General Electric 
12,600-kv-a. outdoor synchronous condenser at the 
Pawtucket Substatio^j of Hie New Englancf Power Coin- 
pany. A larger unit of similar design, fatM 20^000 
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kv-a., is in operation at the Turner Substation of the 
Apx>alachian. Electric Power Company. In addition to 
reducing losses and increasing the rating, it is believed 
that the. hydrogen cooling increases the insulation life, 
and decreases the windage noises and the fire risk. 

D-c. Machines 

The fabrication'of i>arts without the use of castings 
has been extoided latdy, particularly as to the rotating 
parts. The development of the arc-welded fabricated 
construction has given flexibility, and still permitted 
the standard part principle which is adaptable to 
machines of different detigns and ratings. 

Several installations have been made of a new scheme- 
of ventilation in which a special volute housing is 
arranged to make use of the windago of’the machine to 
force heated ^ tiirough ducts out of station. 

• Motor-Generator Sets 

The Allis Chalmers has furnished a 7000-hp. double¬ 
unit reversing mill motor to the Illinois Steel Company 
and a 6000-kw. flywheel induction ifiotor-generator set 
for driving it. The General Electric Company has fur^ 
nished some 4000-kw., 6500-kw., and 6000-kw. motor- 
generator sets for electrolytic work. These sets were- 
built with one motor and two generators. The Cleve¬ 
land Terminal electrification has adopted 3000-volt, 
3000-kw. motor-generator sets for power supply. The 
General Electric sets consist of two 1500-volt generators 
driven by one motor having an overload capadtjrof 50 
per cent for two hours and 200 pct cent for five minutes. 

Motors 

An interesting application consists of five motors 
mounted on a common bedplate with a distance be¬ 
tween centere of 7 ft. furnished by the Westinghouse 
Company to the American Steel and Wire Company for 
rolling mills. While this requires extreme accuracy in 
the speed control it permits a better product. 

Gearless traction elevator motors are gaining in use 
for high-speed service and have been supplied a^lat^e 
as 140-hp. at 85 rev. per min. by (General Electric 
Company. 

The use of d-c. motors and generators for Diesel- 
electric ship propulsion has increased. The largest is a 
4000-hp. motor supplied by two 800-kw. Diesel-engine- 
driven generators. 

Exciters 

Quick change of excitation has been applied in a 
njimber of installations to increase ^system stability 
. during disturbances. Rates of voltage rise of 6400 volts 
per sec. witir a maximum of 950 volts for a 250-volt 
excite: have been obtained. 

Induction Motors 

Dtlring the past year the most interesting develop¬ 
ments have been in the tine of ^piall motors. Tlje 
'heed for Imall single-phase motors of the highest quality 









« 


.828 


BLECTRICAJi MACHINERY 


Journal A. I. B. E. 


for domestic sCTviee brought renewed activity to tiie 
capadtor motor. Reliable low-cost capacitors have 
become available through the progress of the radio art 
and made’capacitor motors economically feasible. 
The Howell Electric Oompany has devdoped a line of 
this type and the General Electric Company has put 
several thousand on electric refrigerators. The use of 
single-phase repulsion-start induction motors in sizes 
up toTO-hif. has grown steadily and a general improve¬ 
ment of cha^act«istics has been obtained. The General 
Electric Company has brou^t out a new motor of this 
type, with square ptmchings and graded slots, to obtain 
more efficient utilization of steel. 

Practically all American motor manufacturers are 
building an extensive line of motors designed for full- 
voltage starting. The great majority of these* are of 
sizes between 7 30-hp. . 

The use of small induction frequency-changer sets to 
supply moderately hi^-frequency power to drive hi^- 
spe^ motors has grown steadily. 

Two induction synchronous frequency-changer sets 
•built for the Niagara Lockport and Ontario Power 
Company by Westinghouse were placed in operation in 
*1928. Each synchronous machine is rated 25,000 kv-a., 
and each induction motor, 28,000 hp., making these the 
largest variable-ratio frequency changers in the world. 

The General Electric Company is building a similar 
25,00ip-kv-a., 27,600-hp. set for the Buffalo General 
Electric Company. 

* Enclosed fan-cooled motors have grown remarkably 
popular. The initial temperature rise of an open 
jpaotor is not greatly increas^ by these features, and the 
accumulation of dirt in service of an open motor, with the 
consequent increase intemp^ature rise, is eliminated. 

The trend towards the development of large capacity 
high-speed motors is indicated by some orders recently 
placed with the Westinghouse Company for eight 1250- 
hp., 8600-rev. per min. induction motors, to be used for 
driving high-pr^sure boiler-feed pumps. 

Mercury Arc Rex3Tipiers 

Mercury arc rectifiers continue to hold the interest 
in the d-c. railroad and street railway fidd. Since 
January 1,1928, a total of 28 sets have been installed 
or placed on order in this country, having a total 
kilowatt rating of 48,975. The majority of these sets 
consist of single tanks. The same general trend appears 
to be current in Europe as over 40 rectifiers with current 
ratings of 4000 ta 6000 amperes were installed or placed 
on order. 

The deleterious effects and frequen<^* of arc-backs 
have been materially decreased dhe to more ample 
auxiliaries,- the addition of arc suppressors and*o&er 
modifications. • 

Graphitic anodes^ave given good account of them¬ 
selves during the past tw;elve months, and confidoice m* 
metallic anodes is indicated by thdr continued use in 


• 

the lar^t rectifiers now in service in this country. 

The outstanding installations during the past year 
were two %000-ampere, 626-volt automatic railway 
outfits installed on the Cbmmonwealth Edison Com¬ 
pany’s system for railway service, having an overload 
capacity of 7500-ampere for two hours and 10,000 
amperes for one /niniite. The units are six-phase, 
twelve-anode type with arc supressors supplied by the 
Brown Boveri Company. This company has (feveloped 
a new type of rectifier for 3000 kw., which is about 30 per 
cent smaller than the original units of this capacity. 
Another type with normal rating as high as 16,000 
amperes has been developed showing improved effi¬ 
ciency and reduced weight. 

. « 

MBEOURY ARO RECTIFIERS IN RAILWAY INSTALLATIONS 
INSTALLED OR ON ORDER SINCE 1927 


Edison 

Chicago, 


No. 

of 

sots 


Commonwealth 
Company, 

Maypole.... 
Commonwealth Edisonl 
Oompany, Chicago, Westj 
Lawn 

Toronto Hydro Electricl 
System. Toronto Oas-| 

ington. 

Southern Public ITtUi^es{ 
Oorp., Charlotte, N. C., 

Eliza. Aye. 

City of Calgary, Calgary, 

Portable. 

Union Railway of Nend 
York City. New York,] 
St. Peters Aye 
Toronto Hydro Electricl 

System. 

American Gas & Blecj^rlcl 
New York 
Cons. Mining & Smeltingl 
Co. of Canada, Electro-] 

Utic. 

City of Edmonton 
City of Calgary... 

City of Halifax... 

Chicago & Joliet.. 
Columbus Railway Powerj 
& Light Co 

Columbus Railway Power] 
&LlglitOo 

Oolxunbus Railway Power] 

& Light Go. 

Eastern Mass. St. Ry. 

Chicago So. Shore & So. 

Bend Ry... 

Chicago So. Share & ^o.| 
Bend Ry 

Chicago So. Shore & SoJ 
Bend Ry 


Philadelphia Bapia Transit 
Sacramento Northern Rail¬ 
way. 

Piedmont & Northern. 

British Columbia Elec. Ry. 


"2 


Tanks 

per 

set 

D-c. 

yolt- 

age 

Kw. 

per 

set 

Total 

kw. 

$ 

Control 

1 

600 

3000 

3000 

Auto 

1 

600 

3000 

3000 

Auto 

1 

600 

1100 

1100 

Auto 

1 

600 

750 

750 

Manual 

1 

576 

600 

600 

Auto 

1 

625 

1000 

1000 

Auto 

1 

600 

1100 

1100 

Auto 


f 




1 

600 

1000 

r 

r 

2000 

Auto 

2 

460/5^0 

5600 

16800 

Manual 


§76 


1325 

Manual 

' • « 

676 


' 1200 * 

Auto 

lo 

600 

1100, 

1100 


1 

600 

500 

500 

Auto 

2 

^ 600- 

600 

1000 

Manual 



r 



1 

600 

600 

500 

Auto 

1 

600 

600 

500 

i^Auto 

2 

. 600 

1000 

3000 

Manual 

2 

1500 . 


1600 

Auto 

2 

1600 


1500 

Auto 

2 

1600 


1500 

Auto 

1 

600 

1000 

3000 

Auto 

• 1 

1500 

600 

^ 600 

Auto 

2 

1500 

750 

1500 

Auto 

1 

600 

1000 

1000 

Manual 



• 
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Effect of Surges dn Transformer Windings 


BY J. K. HODNETTE‘ . 


ilseodate, A. I. B. E. 


Synopsis.—A study has been made of the reaction of transformer 
windings in grounded ‘neutral systems^ whe^ subjected to transient 
eoltage surges S'uch as exist on normally insulated lines. Measure¬ 
ments of the voUage distribution throughout the windings between 
various elements and to ground laere effected by means of a cold 
cathode type cathode ray oscillograph and sphere-gaps. 


An estimate of the stresses occurring in transformers due to the 
voltages occurring on transmission systems is made, basing them on 
the most recent data obtainable. The data indicate that the worst 
stresses, both within the loinding and to ground, are in ffie vicinity of 
the line coil. 


1. iNnyjDUCTION 

W ITH the rapid growth of, transmission systems 
and their interconnection to larger systems, con¬ 
tinuity of service is becoming increasingly more 
impoftant. This has prompted a great amount of 
study on the subject of increased reliability of aU 
component parts of the system,. Such studies have 
been conducted on transmission lines and con¬ 
nected apparatus. The power transformer constitutes 
a vital link in such systems. Due undoubtedly to the 
unceasing research and study conducted during their 
rapid growth in size and voltage in the past few years, 
these transformers have shown an excellent record. 

Tranent voltage surges have long been recognized 
as one of the chief sources of trouble, and during the past 
five years, the Idydonograph has yielded much informa¬ 
tion on the magnitude and frequency of occurrence of 
these surges on transmission sysf&ns under service 
conditions. More rec^^y, the cathode ray oscillo¬ 
graph has been perfected, making it possible to record 
accurately voltage—time relatioi)ships occurring in a 
small fraction of a second. By means of this instru¬ 
ment it has been possible to obtain actual photographs 
of surges. * • 

, The vbltagt surges occurring en triknanission systans, 
and, of necesdty, those with whict we are concerned as 
affecting transformers,. can be divided 4nto three 
general classes according*to their origin; namely, arcing 
grounds, switching surges, and electrostatic or light¬ 
ning sufges. It is the purpose of this paper to analyze 
various types of these surges, and afford a common 
basis of studying their effects, particularly on grounded 
neutral systems. , * 

Relative Importance of Arcing ^oundSf Switching 
Surges, and lAghtning Surges. Arcing -grounds are 
discharges ^ground, usually from one phase or line of a 
transmission system. In case the neutral of the system 
is grovmded, the maximum voltage developed woidd be 

approximately ,two and one-half times the normal volt-’ 

. . • 

1. Engineer, Westu^house Eleotiio & Mfg. Co., Sh^on, !l^a. 
2. For all references see Bibliograpliy. 

Presented at the Pacific Coast Corwention of ths A. J. E. 
Santa Monica, C<Mf., 8p>t. S-6, 19Z9. Complete copies upon 


age to neutral.* For an isolated neutral system, the 
maximum voltage may be as great as suj times normal. 

Reviewing literature’ on the suWject, we find the 
data obtained on a number of systems covering the 
whole operating range of transmission-line voltages 
indicate that approximately 60 per cent of switching 
operations cause no appreciable voltage surge. The 
maximum voltage recorded on anji system was six 
times normal, and that was caused by deenergizing a 
line. • 

As a rule, switching surges do not cause flashover of, 
the line insulation. They must of necessity be of short 
duration in order to obtain excessive values, and may 
rise to a maximum in the order of a few microseconds. 
On the other hand, lightning surges attain values of 
many times normal line voltages. In many of the^ases 
recorded by the Idydonograph, flashover of the fine 
insulation is known to have occurred. By virtue of 
the fact that the line insulation was, flashed over, the 
magnitude of the voltage is much greater than for arcing 
grounds or switching surges. In Fig. 1 is shown a 
comparison of the voltages to be expected from the 
several sourc4, together with the normal voltages of the 
S3ratem, the transformer testwoltages, and the 60-eycle 
dry flashovers of normally insulated lines. From this 
it may be seen that surges produced by lightning are of 
most serious consequence, and for very short surge^ with 
lower values for surges of longer duration may be as 
great as 14 times normal. 

Factors Limiting lAgktning Surge Voltages. The 
principal factor limiting the voltage on a transmission 
line is the spark over of the line insulation. The flash-' 
over of a string of insulators depends both upon the 
magnitude and the shape of the impressed surge, and in 
the case of lightning surges, is alwa 3 ra greater than the 
60-cycle flashover voltage. We may assiune that failure 
commences as the 60-cycle spark-over voltage is ap-' 
Iproached, and that spark-over is a function of time 
and the voltage above this value. The tail of the surge, 
as well as the fron?, affects spark-over, and the more 
abrupt eadi is, the hi^er the voltage necessary to pro¬ 
duce arc-over. 

From experimental data^® for the flashova* of line 
ii&ulators; it is estimated that.the ma ximum voltage 
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which could exist on a line as a result of a direct stroke 
would be in the neighborhood of 2.5 to 2.7 times the 
60-cycle crest sparkover. The curve for tiie prohahle 
maximum voltage, curve G, Fig. 1, is based on this 
computation. Points ,of this curve agree approxi¬ 
mately with the maximum voltages recorded by the 
klydonograph. 

In this connection, reduced line insulation, ground 
wires, protective gaps, and lightning arresters should be 
mentioned. Each tends to limit the voltage on the 
system, particularly lightning arresters. 

The second factor limiting the potential surges on 
apparatus is attenuation.* Where the voltage of the 


Zs, of approximately 600 6hnas, was connected between 
the transformer terminal and the source of voltage 
supply. Tlie t^inals of the secondary winding were 
connected to ground through similar impedances. 

Waves rising to a maximum in less than a micro¬ 
second and decaying to one-half value in 6 and 60 
microseconds were^considered representative of fairly 
short and long lightning*surges and these, together with 
waves chopped while rising, were used principaily in this 


§1600 


21000 




To Oscillograph 

Fia. 5—Schematic Diagram of Testing Circtjitc 

investigation. Waves, of approximately 6- and 30- 
miCTOsecond fronts were also used. ^ . 

The effect of surges on the windings of the following 
transformers was studied in the course of this inves¬ 
tigation: 

8000-kv-a., 140,000- to 5000-volt single-phase, shell 
type transformer with the high-voltage winding divided 
into three groups.» 

667-kv-a., 66,000- to 7200-volt core type transformer 


“ o 20 40 60 80 100 120 140 160 180 200 220 240 
SYSTEM VOLTAGE-KILOVOLTS . 

Fig. 1—Comparison op SuiysE Voltages and Transformer 
ijiD Transmission Line Insolation Voltages (Estimated) 

A . Normal voltage of transformer to neutral) 

B. Transformer test voltage 

C. 60-cycle dry flashover of normally insulated transmission line 
jD. i^bablemailmmn switching surges 

£. Probable voltage for 60-microsecond surge not caustog 

flashover 

JP. Probable wifl.TimnTn voltage for 5-microsecond surge not causing 
flashover 

G. Probable ma.-giTTmm li ghtnin g voltage possible Cdashover on rise) 

surge is very high, the attenuation is very great. To 
this property of traveling waves much protection to' 
connected apparatus is due. 

II, General Considerations 
(A section of the unabridged paper is devoted to tBis^ 
matter) 

III. Experimental Results 
The circuit used in conducting these tests is shown in 
Fig. 5. The capacitance C was charged from anfdte^- 
nating source by means ofJcenotron rectifiers and dis- 
dharged through an inductance L and resistance R. 
The potential drop across the resistance was impressed 
upon the transformer terminal. A lumped imp^ance 
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PER CENT WINDING 


GROUND 


Pio. 7 —Ccvmparison op Voltage Distbibvtion in Long and 
• Shokt Stacks of Coils 

S 

•A. Short stadk of wide coils 
B, Long stack of narrow colls 

with cylindrical low-voltage cofls and^ circular pancake 
hi^-voltage coils. The winding was’ arranged on two 
legs with a reentry in the puddle of each leg. 

'The Effect of the ProporUons of Winding on the 
LHstribuiion of Voltage: Rg. 7 illustrates liie difference 
imthe vUltage to ground in a short s^ck of wide coils 
and a long stack of narrow coil^ when subjected to a 
five-microsecond surge, Th^e values represent ap- 
proximatdy the initiai voltage distribution and are 
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indicative of the worst stresses occurring in tlie stacks. 
Curve A represents what occurs in thejin^ group of a 
well proportioned wide stack of coils and Curve J5 
represents what occurs in a narrow stack of coils when 
short steep waves are impressed upon them. 

When the windings are interleaved or broken up into 



PER CENT WINDING IN FIRST GROUP 

Fig. 8—The Epmjct op Interleaved Windings on the 
Voltage Distribution 

A . Voltage distribution with one group 
JR. Voltage distribution with two groups 
C, Voltage distribution with three groups 



Fig. 9—Oscillograms showing Variation*in Internal 
Oscillations op 3000-Kv-A. Transformer \jith Dipperent 
Length Surges 

1. V^long surge, 250 nflcroseconds to half value 

2. Long surge. 60 microseconds to half value 

3. Short surge. 5 microseconds to half vedue 

4. Chopped surge • 

• 

groups, the line group absorbs most of the surge voltage. 
Data were taken on the 8000-kv-a. transformer firet by 
impressing a suf ge across the total winding; then acrcss 
two groups, and finally across a single group of the wind¬ 
ing. A five-lnicrosecond surge was used and meaajre- 
ments of voltage were made to ground. Refaring to 
Pig. 8, the three curves were seei to be of similar shape. 


or the distribution of voltage in the line group is prac¬ 
tically unchanged by varying the number of groups. 
The’ discontinuous points in the curves indicate the 
division of voltage across the group. 

Internal OsdUations and Voltage to Ground. When a 
steep-front surge strikes a transformer, oscillations are 
set up in the winding. The values attained by these 
oscillations depend largely upon the shape of the surge. 
Referring to the oscillograms. Fig. 9, the oscillations are 
seen to be higher for the longer tail waves. A point in 
the winding 29.7 per cent above ground riches a 
maximum value of approximately 75 per cent of the 
total applied voltage for the extremely long wave. 



Fia. 11—Maximtjm Voltaoxb to Qrovni) fob Diffbbent 
Ttpes of SuBass . 

A, Voltage distribution in 8000-kv-a. transformer with 60-microseoond 

surge 

B, Same with chopped surge 

C, Same with five-microsecond shrge 

Z). Voltage distribution In 6G7-kv-9>. transformer with five-microsecond 
surge 

approximately 47 per cent for the long or 60-micro¬ 
second wave, 10 per cent for the short or five-micro¬ 
second wave and 5 per cent for the chopped wave. 

Thus it may be seen that if the surge is sufficiently 
short, the voltage by oscillation does not rise above the 
initial voltage acquired from the front of tbe wave. 
On the other hand, a measurement of the voltage above 
ground for longer waves would indicate the maximum 
values reached by oscillation. This is confirmed by 
the agreement between the curves (Fig. 11), and the 
oscillograms. 

• The natural frequency of the shell 4;ype transformef 
• investigated was approximately 5000 cydes and that of 
the core 67O0 cydes. It is believed '&at the order of 
these fundamentaS frequencies is representative of 
that of power transformers in general. 

. Referring again to Fig. 11, a very close agreement 
between the voltage to ground for the five-microsecond 
.dhd chopped waves is observed.. This follows the expla¬ 
nation just given that the initial distribution and not 
the (^dilatory portion of the transient was the factor 
. determining the voltage to ground. ' . 
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'Ihe breaks or departures from continuous smooth 
curves were caused by taps in the winding. 

The voltage to ground for the 667-kv-a. transformer 
subjected td a five-microsecond surge is also given. A 
ba^is for comparing tbe two transformers is not simple. 
However, the curves show for the same surges that 86 
per cent of the voltage drop occurs across 15 per cent of 
the winding of the 667-kv-a. transformer as against 57 
per cent ot*the voltage for the same percentage of the 
30()0-kv-a. winding. 

IV. Magnitude of Stresses in Transformers 
AS Determined by the Line Conditions 

StrcsHCH ivithin the Windings. Referring to Pig. 11, 
' from which the stress along the length of the wind- 
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PER CENT WINDING ABOVE GROUND 

_^PliOBABIiH MAaNITTJDB OP INTERNAL VOLTAGBS 

above Ground 

A. Ohonpod surge, SOpO-lrv-a. tranaformer 
B Flvo-mlcrosecond. surge, 30<W-kT-a. transformer 
a flO-julcrosecond surge. 300<^ky-a tr^ormer 
i), inve-mlcsroaocond surge, 667-kv-a. transformer 

me can be estimated, and to the probable manmum 
potentials on transmission line as given in Pig. 1, the 

following may be deduced: ^ ■ 

' The highest stresses are evidently those caused by 
surges with very steep fronts, as these ^ve the worst 
initial distribution of voltege and atteih the 
values which, in the case of surges Mmited by flashover 
^ S Hne Msulation may be of the order of 14 to 16 
normal. Surges of this character ^nse n.(i fun- 
kmental osciUations on transformers having penods of 
of those- inv^tigated herein; Wore, th^ 
distribution is the only factor n^e^ to con- 
sidw This distribution is largely a function «f ^e 


• 

above Curves it may 6e seen that the greatest 
stresses ocgur near the line end, where the winding is 
made of the simplest possible form of construction, 
free from taps, which lends itself for providing adequate 
insulation. 

Stresses to Ground: The voltages' to ground as 
expressed in the curves pf Fig. 11 have been multiplied 
by the ratios of the probable maximum surge^ voltages 
of Fig. 1 an4 are plotted mth respect to their relative 
values in Fig. 14. On this basis, the latter curves 
represent*the maximum voltage stresses to gro^d 
obtained in^the various parts of the transformer wind¬ 
ing, either through internal oscillation or by the initial 
electrostatic _ induction. In recording these valu^, 
measurements by oscillograph and sphere-gap are in 
agreement within experimental accuracy. Obviously 
these stresses are placed upon the major insulation of 
transformers, and for uninterrupted service muSt be 
withstood. Since in this case, as in the previous case, 
the highest stresses afe produced by the very short 
surges, the transformer major insulation may be sub¬ 
jected to 14 to 16 times normal voltage in the vicinity 
of the line end. In the mid-section of the transforma*, 
the highest voltages are produced by the long surges 
and are three to five times normal. Their value is fixed 
by the amplitude of oscillation. The amplitude of 
oscillation is a function of the initial distribution which 
in turn is a function of the physical proportions of the 
winding. Transformers insulated sufficiently to with¬ 
stand the maximunJkstressfis at the line aid should with¬ 
out difficulty withstand the stresses imposed at any in¬ 
ternal portion, even though' the insulation'thae is 
reduced. « 

The above conditions refer to the maximum surges 
expected in service. For longer sv^ges such as rep¬ 
resented by curves F^and F, Fig.-1, or for surges re¬ 
moved a considerable distance from thc'^transforma, 
the stresses would be diminished. « 
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Abridgment of 

ElSctrophysics. 

ANNUAL REPORT OF THE ELECTROPHYSICS COMMITTEE* 


To the Board of^ Directors: 

One of the Copunittee’s principal functions has been 
to serve as a connecting osganfeation between the 
world qf physics and the Institute. We have been 
trying to serve this purpose by encouraging papers 
which bring in new concepts, phenomena, and ter¬ 
minology from worlong physicists, and discouraging 
contributions whfch are results of ‘inbreeding." 
Dielectric phenomena agd dielectric theory are two 
particularly live topics, and there is a constant danger 
of unnecessarily burdening the Institute publications 
with contributions which contain more imdigested 
data and unfounded speculations, and which do not 
bring us any nearer to a rational understanding of the 
imderlying molecular phenomena. 

Dielectmcs 

A large percentage of papers submitted to the Com¬ 
mittee on Electrophysics has to do with dielectrics and 
their behavior. One of the sessions at the Winter 
Convention was devoted chiefly to this topic, and 
papers were presented on anomalous conduction, di¬ 
electric absorption, dielectric constant, power loss, and 
corona. Several other papers have been since approved 
for publication or for presentation at future meetings. 

Much work on dielectrics is bqing done under the 
auspices of the Committee on Electrical Insulation 
of the .National Research Coimcil and also by the 
American Society for Testing Materials. Their reports 
and publications should be consulted in addition to the 
material found the A. I. E. E. Transactions. 
There is also a Government Research Committee on 
this subject in England. Many valuable articles on 
dielectrics \rill be found in tiljd Ar^io fiir Elektotechnik, 
and in some recent British and German books on dif- 
terent phases of dielectaic behavior. * 

Under the auspices^f the above mentioned Commit¬ 
tee on Electrical Insulation, several subcommittees 
were ^form ed in 1928, among others a Subcommittee 
on Physics, V. Karapetoff, Chairman,, and a Subcom¬ 
mittee on Chemistry, F. M. Clarlj, Chairman. Both 
subcommittees are already functioning, and through 
them many prominent physicist? and diemists have 

•COMHITTBE oh ELECTROVHrSICS! * 

y. Karapetoff«OhaIrman, ^ 

Oarl Kinsley, Secretary. 

O. E. Buckley, W. F. Davidson, K. A. Millikan, i 
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been drawn into the study of scientific aspects .of 
dielectrics. 

High-Voltage Research 

Using the principle of charging capacitors in parallel 
and discharging them in series, very high impulse volt¬ 
ages have been generated for test purposes. A voltage 
of 6,000,000 has been produced in this way and even 
higher voltages have been applied to transmission lines. 
The phenomena of attenuation, reflection, etc., of 
traveling waves have been studied by means of the' 
cathode ray oscillograph. This work is being continued 
on a larger scale. The cathode ray oscillograph was 
hsed also to record impulses on lines due to natural 
lightning. Only two records were obtained in this first 
attack on this problem, but a start has been made and 
more extensive data should be collected this stunmer. 
The cathode ray oscillograph was used for a laboratory 
study of a number of interesting and important phenom¬ 
ena, such as the impulse flashover of insulators and the 
distribution of transient voltages in transformers. 

The year’s work at the Ryan Laboratory, Stanford 
University, California, resulted in three papers. One, 
by Lissman* analyses lightning phenomena in the light 
of laboratory experience, and gives a detafled piotiye of 
what actually goes on in a lightning stroke. "Uie 
second paper by Carroll and Cozzens* reports results on 
sphere-gap sparkova: voltages up toandoverone million 
to ground. It was found that the voltage per ineh 
required to break down gaps in excess of 9 ft. decreased 
so rapidly with increased spacing that it established an 
approximate econonric limit of high voltage for power . 
transmission. The final paper, by Dr. J. T. Lusignan* 
gives the probable history of an a-c. flashover, as ob¬ 
tained from oscillographic and spectroscopic evidence. 

Dielectric Constant, Molecular Structure, 

AND Molecular Moment 

During the past year, considerable research has been 
carried out on the subject of molecular moment and its 
relation to dielectric constant and molecular structure. 
The work has centered chiefly around the Debye 
theory. In general, this theory is becoming more and 
more accepted, although a large number of tiie re¬ 
searchers tod that the theory does not fit in with ex- • 
perimental behavior in a great many instances. 

In a study of the variation of the dielectric constant " 
of gases with temperature and pressure, Magdalene 
Porro tods in ik^Zeitschf. Physik, 1928, 47, 430 that 
the constants of the Debye equation, (« — l)/(€ -H 2) 

’ 1.* A. I. B. B. Tbanb., VoL 48, Jan. 1929, p. 146. 

, 2. A. I. E. B. Tbanb., Voff 48, Jon.*1929, p. 1. 

• 3. A.f[. B. E. Tbanb., Vol. 48, Jan. 1929, p. 246. * 
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(T/d) = a T + h, change with tempei^ture and pres- 
sure. For hydrogen, nitrogen and air, a (which is the 
optical contribution to the dielectric constant) is of 
constant value, while 6 (which is the permanent dipole 
contribution) is zero. For carbon monoxide the value 
of 6 varies with pressure at constant temperature. The 
temperature coefficient of b for carbon monoxide in¬ 
dicates a dipole moment of 0.108 X 10-“ at one atmos¬ 
phere to 0.147 X 10““ at six atmospheres of pressure. 
The variatioB. of the permanent dipole contribution to 
the dielectric constant can be expressed as either a 
linear or as a quadratic function. For carbon dioxide, 
however, this permanent dipole effect varies with the 
•density as a quadratic function, the dipole moment 
varying from 0.192*x 10““ at one atmosphere to 0.217 
X 10“** at 6.53 atmospheres. • 

Study of the molecular moment and dielectric con-* 
stant in organic and inorganic solutions has been a 
particularly favored field of investigation during 1928. 
In general, the wo»k has been in agreement with the 
results obtained by G. Rock and S. Klosky published 
iff the Journal of Physical Chemistry, 33, p. 143 (1929)^ 
They found that the dielectric constant of solver sols 
is essentially that of the dispersion medium. 

Febeomagnetism 

Heisenberg has been partially successful in explaining 
the origin of ferromagnetism on the basis of the spin¬ 
ning* electron and the Fermi-Dirac statistical theory. 
His theoretical deduction is that a material caimot 
be ferromagnetic unless it is composed of atoms which 
have three-quantum, electrons and which are S 3 mi- 
nietrically surrounded by at least eight neighbors. 

Honda suggests that the electrons in the nucleus 
are responsible for the origin of ferromagnetism. His 

* picture avoids the difficulty of the Larmor precession 
of extra-nuclear electron orbits. 

Weiss and Forrer have redetermined the value of the 
Weiss magneton in iron and nickel, and reviewed the 
literatflre to show that the magneton is the unit in all 
magnetic materials. 

The increase in specific heat, due to loss of mag¬ 
netism near the magnetic transformation temperature, 
has been measured by Bates for manganese arsenide 
and compared with the values calculated according to 
Weiss from the magnetization-temperature curve, with 
good agreement. 

Elmen has reported the remarkable magnetic prop¬ 
erties which he ha^ found in some alloys of iron, cobalt, 

• and nickel. These alloj^s, called “perminvars,” when 
properly heat treated, have permeabilities which are 
unusually coimtant up to fields of» several gausses. 
They have therefore very small hysteresis losses for 
low flux densities. 

Experimental Inveswtgation of Thermal Relations 
* OF Energy qp Magnetization • * 

Walter B. EUwood, graduate student at Columbia 
Univa:sity, workipg on hysteresis in iron, »has 
succeeded in his attempt to a solution of an oufetandirfe 


problem in magnetism which has hitherto defied attack. 
The following nqte, which is.a first report on this work' 
was received from Professor A. P. Wills, under whose 
direction the investigation was carried on. 

Experiments were undertaken for the purpose of 
determming the mechanism of the, degradation of 
energy which accompanies magnetization in ferro¬ 
magnetic substances. The experimental metl^od con¬ 
sists in observing the change in temperature of a test 
specimen produced by a change in the magnetizing 
force at consecutive intervals -in a» single cycle of 
magnetizatiqp. • 

Propagation of Electromagnetic Waves 
In Space • . 

The subject of wave propagation has been stpdied 
theoretically and experimentally and the existence of 
the Kennelly-Heaviside layer can be regarded as a fact. 
The resultant signal received at any point is the vector 
sum of the ground wave and the indirect wave coming 
down from the ionized layer. The waves radiated from . 
a normal aerial have their electric vectors vertical to the 
surface of the ground, and almost so at the receiving 
end. This means in the optical language that the 
received ground wave is horizontally 'polarize.d. The 
downcoming wave is generally elliptically polarized 
and the resultant fibld of both waves is usually complex. 
This gives rise to bearing eirors in direction fiwflmg and 
causes the well-known fading. 

Hollingworth find^ that downcoming waves which 
axe longer than 10,000 meters axeusually plane polarized. 
The direction of the plane is approximately cpnstant 
during the day but during the sunset and sunrise 
periods it varies in a manner depending on the Hi>t-ance 
between the sender and the receiver'. At some dis¬ 
tances the plane is turned clockwise and at other dis¬ 
tances, counter-clockivise. , 

For waves of 400 metet^at distances ol 100 miles , 
the downcoming components are circularly polarized. 
This means €hat both the electric an<J magnetic vectors 
have constant amplitude but ^tate synchronously, 
the direction of rotation depending on the direction of 
the earth’s magnetic field. This would mean a,right 
handed rotation in all parts of the Southern hemi^here. 

For 16 ^d 50-meJer waves, T. L. Eckeisley finds the 
downcoming, waves almost plane polarized, the plane 
rotating slowly with *^6 period of a few seconds. 
This should produce fading when a vertical or a hori¬ 
zontal amal is used for receiving. But fading seems 
.mostly due to a change in intensity of the downcoming 
waves rather ihan to a change of phase-with respect to 
the ground wave. 

Physics op Radio Communication 
In Europe, much attention has been given to the 
effect of fmes, buildings, built up areaj, etc., on the 
attenuatiofi of radio waves. Exaafiples of such studies 
are those of Barfield (/«sL of ^c. Eng. Jl, ,1928 and 
1929). 

. Among the important investigations of'short-wave 
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propagation are those of Heising (I. R. E. 17,*75, Jan., 
1928), Taylor Young (/. R. E. 16, 662, JMay, 1928), 
Mesny {UChide Elec. 7,130, April, 19^) Meissner and 
Ilothe*.(J. R. E. 17, 35, Jan.‘, 1929) and otiiers. 

Our present knowledge of static is summarized in a 
paper by Watson Watt (E. W. tod W. E. p. 619, Nov., 
1928). Carson has shown that\it is impossible to 
eliminate static disturbances in receivers by audio fre¬ 
quency balancing schemes (J. R. E. 16, j). 966, 1928). 

Advances have been made in the production of 
oscillations haviqg Wavelengths of less thsCh 1 meter. 
Important publicadons on this subejct pe by Yagi 
(I. R. E. p. 715, June, 1928), Hollmann (I.*R. E, p. 229, 
Feb. 1929), and Okabe {Journ. Inst, of E. E. Japan, 
March, 1928, p. 284). 

An excellent summary of the statiis of direction 
finding was rebently published in the I. R. E. 
Pr<?ceedings (March, 1929, p. 425) by Smith-Rose. 

The Bureau of Standards has developed a successful 
aircraft radio beacon (I. R. E.*16, p. 890, July, 1928). 

* An extensive bibliography on airci^t radio has been 
published by Joliffe and Zandoniaini (I. R. E. 16, 
p. 986, July, 1928). 

In the field of vacuum tubes, HuU^ has developed a 
high-voltage two-element gaseous rectifier, and a three- 
element gas tube, both of remarkable characteristics. 
Pour-element double grid commercial tubes have been 
developed, and five-element tubes are now in the ex¬ 
perimental stage. 

The most remarkable discoverj^pthat has been made 
recently in short-wave propagation is the discovery by 
Stonner and Hals of'e^o signals with time delays as 
great as 15 seconds after reception of the original signals 
(Nature, Vol. 122L Nov. 3,1928, 6^). Similar echoes 

have also been observed by van der Pol (Nature, Vol. 
122, Dec. 8,1928, p. 878). Th^e Stormer-Hals echoes 
have aroused great interest, ,and.several explanations 

* have been advanced concerning their origin. 

Subcommittee on Reactive Power 

• 

In October *1926 the*A. I. E. E. published an English 
edition of the “Questioimaire on the Problem of Re¬ 
active Power,” prepared by the National Roumanian 
Institute for the Studyof the Development and Utiliza¬ 
tion of Sources of Energy, for the Advisory Committee 
for the Improvement of Power Factor of .the Interna¬ 
tional ConJEerenee on Large Higlj-Voltage Systems. 

This is a 21-page 9 by 12-m. pamphlet with an intro¬ 
duction b 34 Doctor C. 0. M^loux. The questionnaire 
treats in great detail of the theoretical and practical, 
aspects of the sifbject, with an extensive list of references 
appended. . 

The questionnaire has been referred by the Standards 
Committee of the In^tute to the Committee on Electro- 
physicsfor an (minion. Sincemost of themembers ofjbis 
committeearefollowingentirelydifferentlinesof work, it 
was deenipd advisable {o form a special subcommittee. 

• Dean 0. J. Ferguson of tie UniVersityof Nebraska kindly 

4. A, I. B. B. (inarterly Tbans., Vol. 47,‘July 1928, p. 763. . 


consented to serve as chairman of the subcommittee. 

SUME Active Topics in Physics 

One of the purposes of the committee being to act 
as a connecting link between the Institute’and the field 
of pure physics, the following list of topics will be of 
interest. It represents some of the subjects on which 
physicists are working and on which papers are being 
r^larly presented and articles written by the leading 
investigators. It will be noticed in partiefilar that the 
old division into mechanics, heat, light, electricity, and 
sound, has been more or less obliterated, the electron 
theory and the quantum mechanics being the dominant 
foundation of most of the researches, except in acoustics. 

Scattering of electrons by gases, liquids, and solids." 

Diffraction of electrons by thin films and by crystals. 

Absorption of electrons by vapors. 

• Effect of electrostatic and magnetic fields upon 
electrons, ions, and neutral molecules. 

Spectra of various substances under different con¬ 
ditions, as bearing upon the nature of their-atomic 
and molecular structure. 

Energy distribution, attenuation, and absorption Of 
radiation at different wavelengths. 

Photoelectricity and photcjdectric cells. 

Effect of electric an(i magnetic fields upon ^ectra, 
and correlation of these effects with the atomic an<i 
molecular structure. 

X-rays; tiieir wavelength, electron levels, diffi^ion, 
fine structure, polarization, ejection of photoelectrons. 

Characteristics of sparks and other discharges, in¬ 
cluding their spectra. 

Thermionic ^nission and properties of triode valv^. 

Compton effect; Raman effect. 

Behavior, of electrons like waves and behavior of 
light quanta like particle; bridging the gap between 
matter, electricity, and energy. 

Nature of light waves and of electrons. 

Conduction in metals from the point of view of the 
new quantum mechanics. 

Nature of magnetism. 

Magnetic properties of crystals. 

Experimental and theoretical study of atmospheric 
electricity and terrestrial magnetism, in terms of moving 
ions and of radiations. 

Structure of the universe in terms of astronomical 
and spectroscopic evidence, assisted by Einstein's 
generalized theory of relativity. 

New statistical mechanics, wave mechanics, quantum 
relations, indetermination principle, etc. 

Quantum, mechanics of chemical reactions. 

Atomic structure and chemical valencgr. 

Note. Attention is directed to Doctor M. L 
Pupin's Editorial on 1928 Progress in Physics.'^ 

' * A General Trend in Physical CoNcasprs 

• The pj-esent day period in physics may be said to have 
begun with the discovery of the electron in the closing 
yeara of th e nineteenth century.. This meant a new 

6 . A. l! E. E. JoTTBMAL, February 1929, Vol. 48, p. 92. 
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atomic concept of decbicity. The introduction of the 
idea of quantum of energy, as the smallest amount of 
energy in a “chunk” of radiation of a given frequency, 
meant another new concept; namely, the atomicity 
of ^ergy, at least in .one of its forms. Einstein’s 
relativity followed in 1905, and has brought in another 
new id^; namely, that a physical “law.” maybe different 
depending upon the size of the continuum to which it 
is applied and the magnitude of the velocities which 
come into play. In the Bohr-Sommerfeld theory of 
the atom (1913-1915), the three new concepts; namely 
those of electron, quantum, and relativity, were 
brought together in a masterly way to eqjlain the 
observed complex structure of veirious spectra. Later, 
similar ideas wete q;stended to molecular spectra and 
to the theory of specific heats, as being due to di^erent 
forms of motion of the parts of a molecule relatively to 
one another. * 

Thus, an area of “picture theories” of the atomic 
stnicture was ushwed in. Electrons were endowed 
^^th various forms of motion about a central nucleus 
tft explain this or that phenomena; atoms were en¬ 
dowed witii suitable forms of motion within a molecule 
to explain some other phenomena; and when a particular 
feature of a spectrum could not be accounted for, new 
motions were invented to explain it—^for example, the 
spinning electron. In other cases, the observed 
spectra did not show all the lines predicted by the 
&eory,'’and certain “principles” or “postulates” were 
inteoduced to exclude such lines o priori as not being in 
accord with one of these principles. 

However, the picture-theory period was only short¬ 
lived, partly because the pictures themselves became 
unduly complex, especially for heavier atoms, partly 
becauM the theory proved to be inadequate on some 
essential points, and partly ]t>ecause in the very nature 
of the phenomena statistical results were desired, rather 
than an actual orbit of this or that electron in a partic¬ 
ular atom. But a statistical problem, where billions of 
atoms are to be consid^'ed simultaneously, and where 
only the probability of a certain event is sought, rathm- 
than its certainty for a given atom, hardly lends itself 
to a picture. Just as an extreme advocacy of graphical 
methods on a branch of engineering usually leads to a 
reaction in favor of an analsrtical method, so the picture- 
theory period yielded its place almost overnight to a 
“mathematical-function” period in the midst of which^ 
we are now laboring. 

-Several brilliant European mathematical physicists,. 

such as Heisenberg, Bom, Jordan, Pauli, de Broglie, 

Dirac, Fermi, and SchrSdinger, have developed various 

aspects of Ibis new point of view, andowhile it would be 

entirely out of place to go into the details here, the 

following few remarks may indicate the general trend." 
- '•* 

6. A BymposiiJin on Quantum Mechanics was held under the 

joiift auspices of the American Physical Society and American^ 

Mathematical Society in New York City on December 31, 1928. 

Most of the papers and discussions may be found in the April 1929 



Ideas are more general tllan objects or phenomena, 
and we are apt to come nearer the trae interpretation 
of the universe by adhering as closely as possible to 
gener^ ideas rather than by evolving specific pictures, 
especially if the latter have been borrowed from the big 
world of every .day experience and transferred without 
change into the uq^ow intra-atomic world. But 
quantitative ideas are best expressed by mathematical 
formulas and operations, and so the problem is reduced 
to devismg such formulas and operations and using tham 
to describe^d to predict phenomena^ even though we 
may not be able to construct corresponding pictures 
within the ^om. There is no contradiction in t.Viig 
because an individual atonf is not yet susceptible 
to direct observation. ^The principal point to achieve 
is to make the mathematical theory agree with the 
observed phenomena in the minutest amounts of 
matter and energy with which an experimentalist 
deals. 

As Haas correctly poihts out,^ should the new point 
of view persist for any Imigth of time, it cannot fail to 
^ect our whole attitude towards physical laws and 
interpretation of nature. According to it, matter and 
radiant energy are both atomic, and do. not differ radi¬ 
cally from each otiier. UndM* certain circumstances, 
electrons behave like waves and waves behave like 
chunlm of matter. Energy is converted into matter, 
and vice versa, and this process is going on in the uni¬ 
verse continually, creating new worlds and destro 3 dng 
the old. A physicahtlaw dpes not dominate an event 
but merely establishes probabilities for this or that 
percentage, just as a statistical l&w does not affect births 
or deaths in a species of living beings. In the big visual 
world we may speak of an instantaneous position of a 
material point and at the same time of its instantaneous 
velocity. In the sub-atomic would, according to 
Heisenberg’s princii4e*ot indeteftninataiess, such a 
statement would be absurd? If the coordinates of an 
electron are gjven we can only ask about the probability 
of a certain velocity, and vice vers^,. In the big world of 
interstellar spaces, other laws reign supreme; Euclidean 
geometry and ordinary mechanics hold no more, and 
what we observe in our every day. life (or even jfi our 
best eqmpped laboratories) is but a very narrow aspect 
of the real laws of nature. We do not see the bigger 
relativity aspects of the Txmdamental laws of nature, 
because our (listanceg are too small and our velocities 

too low. We do not see the fine-structure a^ects of the 

same laws because of the crudity of our apparatus which 
•permits our observing the microcosm o^ystatistically. 

The new attitude is one of humility, and if it is an 
attqnpt to free the laws of nature from' an anthro¬ 
pocentric point of view, future generations will welcome 

it as a step in the right direction. 

_■ ? 

7. Artkiuf Baas, “Materiewellen mfd Quaneiiiimeoiianik,*’ 

VBTlctQS'^Bsdlschoftf 19^9, Oliaptar i9. S66 sJso 
V, Karapetoff, ‘Tictxire Theories Inadequate,” an article to be •• 
published in the Electrical World during 1929. 
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The Sixty-(Ilycle Flashover of Long Suspension- 

Insulator Strings 

BY R. H. ANGUS* . 

* • Student Member, A. I. E. E. ^ 

Synopsis. —This is a study of the d^eycle flashover of strings strings, with and toUhout shidds and tower members. An attempt 
up to voltages of 1100 kv., undertaken at the Ryan High-Voltage has been made to correlate these flashover voltages with the point-to- 
Laboratsty, Stanford University. Investigation was made of the point and point-to-grounded-plane arc-over voltages established in 
variations in flashover voltage for similar horispnJtal and vertical 19H8 at the Laboratory. * • 


• Introduction . 

HE dry 60-cycle flashover voltage of long strings 
of .cap-and-pin porcelaii) insulators, is of some 
importance in the design and selection of tiie insu¬ 
lation for any particular project. There are authori¬ 
ties who advocate the adoption of a wet flashover as the 
criterion;* but the difficulties which have been encoun¬ 
tered in the standardization, of a suitable “rain” or 
“mist” make it inadvisable to accept this as the only 
test of insulator strings.* Further, if Dr. L. B. Loeb’s^ 
theory of breakdown is established, it may be that power 
frequency arc-over voltages will be a measure of impulse 
voltage flashover of insulator strings, provided arcing- 
rings are designed and fitted to prevent cascading arcs.' 

In all the publications dealing with the flashover of 
insulator strings, which the writer has seen, no refer¬ 
ence was foimd to tests on strings in a horizontal 
position. Judging by the larg§ numbers of strain 
strings in any high-voltage line,'* this would appear to 
be an,important omjsoion, which may be filled by the 
tests on horizontal strings to be described in this paper. 
Only one article baentioned flashevers of more than 
760 kv.' Because deviations from a straight line 
flashover-distance relation only begin to appear above 
600 ^., the expfiripaental work was continued up to 
,flash6vers*of 1100 kv., which is the maximum volt¬ 
age to ground available at* the Ryan High-Voltage 
Laboratory. , • 

Doubt has been i&cpressed as to the necessity of 
increasing the number of insulators in strain strings, 
by qpe or two, ov^ the number in a nonnal suspension 
string. This seans’to be standard practise to attempt 
to overcome the deterioration of insulation due to the 
accumulation of dirt and tiiejieatihg efiEeds of sunlight. 
But the flashover of similar dean strii^gs in the two 
positions was not thought to be different,* although the 
form of t;{ie electrostatic fi;eld about vertical and hori¬ 
zontal string cannot be the same. 

The Nature op Flashover 

The flashover of an insujator string is the breakdown 
.. • 

*Coiumoii'wealth Fund Fellow at Stanford University, Palo 
Alto, CaJif.* , 

1 . For refejjpnce see Bibliography. • • • 

Presented at the Pdbific Coast Convention of» the A. I. B. E.,. 
Santa Momaa, Calif., Sept. S-6,19S9. Printed complete Ijfirein. 


of the surrounding air, and consequently follows the 
laws of conduction of electridty through gases, which • 
have been formulated by Paschen, J. J. Thomson, • 
J. S. Townsend, L. B. Loeb, F. W. f*eek, and others. 
The'»process of breakdown is tiiought to consist of 
-> ionization of the air and disturbance of the dectronic 
orbits, consequent on the applied voltage gradient, till 
the air attains a conducting or chemically reactive 
state. When this occurs a sharp, spark takes place, 
the spark having many of the charactCTistics of a con¬ 
denser discharge. The power are immediately follows. 

In the preparation for breakdown, ionization is de¬ 
pendent on voltage gradient and therefore on the forin 
of the electrostatic Add. Previous to power-frequency 
point-gap arc-overs of above 500 kv., long “streamCTs” 
sparks reach out from the electrodes. The air in the 
paths of these sparks is conducting and their presence 
must influence the distribution of the field. It iS con¬ 
ceivable that their influence is the main cause of*the 
widely varying arc-over values which are observed.* 

e 

The field about an insulator string is, as is wdl 
known, by no means uniform. The equal capacities 
of the unitj^, as they are in series, give a higher stress at 
the line end of the string than at any other place. 
Equalizing shields do mudi to unify the distribution of 
stress along a string, but they and grounded tower 
structures complicate the form of the fidd, so that the 
effect of their presence on the flashover of a st^ng can 
hardly be accurately anticipated for any particular 
case. All that can be done is to discover the variations 
in flashover values due to surroimding objects, for some 
extrme cases. 

The Test Insulators 

Only two types of insulators were used in the tests. 

* Both were standard ball-and-socket cap-and-pin 
porcelain insulators, whose principal dimensions are; ■> 

* insulator “A”, diameter 10 m., pit^ 6.76 in.; jnsulalor^ 
“B” diamqter 10 in., pitch 5.0 in. 

It is hoped tjiat the sdection of this t 3 q)e of in-, 
sulator will in no way prejudice the possibilities of other 
ts^pes, including that evolved by Dr. H. B. Smith.' 
Oflly ring shields at the line end and ardng-rings at tiie 
, ground end of the string were’nsed, as arcing horns 
appeal unsatisfactory.' The shidds were to attempt 



29-134 












% 


% 







Journal A. I. E. E. 


838 - 


ANGUS: SIXTY-CYCLE Ij^l/ASHOVER OP STRINGS 


to equalize the electrostatic stress on individual units, 
and the arcing rings were to insure that the arc dears 
the string at the ground end. The dimensions are 
below. '• ' 

Shields. Single String; a circular torus, internal 
diameter 22 in. of 2.5-in. circular metal material, 
mounted from the line clamp so that the central plane 
of the torus was one inch below the top of the cap of the 
line tmit. The whole shield was in metallic contact 
with the high-voltage line. 

Double String; an oval ring, internal diameters 33 
and 20 in., of oval material 1 in. by 0.6 in., mounted in a 
" similar way to the single string shield with the 33-in. 

' diameter in the plane containing the axes of the two 
strings. The 1-in. diameter of the material was parallel 
to the axes of the strings. 

Ardng-rings. Single String; circular ring, internal -> 
diameter 20 in. of 1-in. by 0.25-in. ;flat material, 
mounted in metallic connection to ground, the 1-in. 
dimension parallel to the axis of the string. The ring 
vras level with the porcdain of the ground unit. 

-Double String; similar in every way to the double 
string shield. 

"Flashover voltages of vertical and horizontal strings 
of both types of insulators, were measured for the 
following cases: 

1. Strings without shields or arcing-rings. 

2. Strings fitted with shields and arcing-rings. 

3. Strings fitted with shields and ardng-rings, 
tov^ structures being present at the ground end of the 
string. 

In each case the nearest object, other than these men¬ 
tioned above together, with the high-voltage and ground 
cables was over 18 ft. from the string. 

» Method op Conpucting Tests 


meter coif readings could be used for similar strings of 
different Imi^jbs.^ 

Results were thus achieved more quickly than if an 
osdllograph had been used for every measurement. 

No temperature or pressure connections of fiashover* 
voltages were made, as at no time during'the tests were 
the conditions sufficiently, far from the standard of 760 
mm. and 25 deg. cent, to warrant such connec|jjons. 

Comparison op Flashover Voltages 

There are- certain principles which must be accepted 
before flashover values of different strifigs may be com¬ 
pared; these are: 

1. Flashover values should be referred to the arc- 

over distance and not to the nmnber of units in the 
string. The arc-over distance is the lengtii of the 
shortest path in air which arc can take from the line 
to the ground end of the string. _ * 

2. Comparison of the flashovers of complete strings 



Fiq. 1—Plashovbb of Suspension Inbulatobs, Strain 
Position, Unshibi-dbd * 


As the flashover of any gap is dependent on ioniza¬ 
tion, the maximum voltage reached before spark-over 
is the value that must be measured. With an alter¬ 
nating voltage, the required value is that of the crest 
immediately previous to spark-over. Thus, a satis- 
f^tory method of measuring this value must be de¬ 
vised; either the crest value or the wave form must be 
known, and the use of an oscillograph is obviously 
desirable. The technique of voltage measurement by 
means of an oscillographic record of the current through 
a water resistor, as developed in 1928 at the Ryan. 
.High-Voltage Laboratory,* proved to be invaluable. 
This metiiod was qsed to calibrate tiie voltmeter coil. 
'"of the hi^-voltage transformers, for each type of set-up. 
as differing capacities to ground and differing corona 
“loads affect the constancy of the woltmeter coil’s 
transformation ratio. 

Five separate oscillograph measurements were m^de 
for ^ch of a number of typical set-ups. The results so 
bbtcmed were compared ^th voltmeter coil readings ' 
of other flashovers of*the"same strings. This led to a 
calibration curve for each type of string, so that V 9 lt- 


rmder working conditions* i^ould be made‘only'with 
each other, or some standard, and not witfi the flash- 
over value of nne unit of the string.* 

3. The lowest observed flashdver is the important 
value. Proceeding on these lines, an attempt has been 
made to relate the lowest flashovers of suspension,and 
strain strings with the standards df the point-to-point 
and point-to-grounded-plane arc-overs. 

- Discussion op Results 
AstheflashoVerof astfingof insulators to a certain ex¬ 
tent is dependerib upon the initial state of ionization of 
the surrounding air, a constant flashover voltage cannot 
be expected, and the values may be represented rather 
by .an area than by a line curve. This is*done in Fig. 1. 
The areas denote the range jtithin which the flashover 
of a strmn string may occur, for the two types of insu- 
_lators which were tested. A comparison is also made 
between the values derived by the water r^tor method 
..and the direct voltmeter reading This shows the 
necessity for calibration of any particular arrangement 
of apparatus. 
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With “B” insulators, th% calibration ratio increases 
steadily with the string length, which is a result of the 
increasing corOna load as’ the flashover -Voltages grow 
large^. With “A” insulators a greater change in the 
.ratio sets in at 550 kv. This is due, first, to tiie in- 
(3'easing corona, and second, to priming which occurs 
with more tiian six of this type^of unit. “Priming” 
is a term applied to the short) snapping sparks over the 



Fig. 2—^Non-Cascading Flashovbjr of Vertical String of 
10 “A'* Insulators 

line units, occurring before arc-over. It is the direct 
translation of •the French expression for this phenom¬ 
enon,® and should, in the opinion of the writer, be 
used in preference to “cascading,^ which should de- 
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Fig. 3—^Flashover of Suspension Insulators, Vertical 

• Position* Lowest Observed Values 

• ■ • 


scribe only the type of arc that clings close to the 
porcelain in its passage from'one cap to the next. 

Lowest ObseevbiJ Values • 

1, Siriims in the Vertical Position. 

(a) . “A” and “B” insulators, unshielded. ^ * 

In this position, the conductor has a very considerable 

shielding effect on the string; so much so that*no 
priming took place, and only 108 in. could be arced over 
with the 1100 kv. available. There was some cascading 
with “A’^ insulator strings of above ten unjts. Kg. 2* 
is a typical nbn-cascading arc-over. , , 

(b) . “A” and “B’i insulators, with shields, ^cing-' 
rings, and tower memTjers. • 


The lowest flashover voltages for the same arc-over 
distances are very similar to those for unshielded strings; 
the effect of the conductor is nearly as much as that of 
the shields in equalizing the stresses on individual units 
and preveniing both priming and cascading. This is 
specially noticeable with the smaller pitched •"B” 
insulators. 

The values for shielded and unshielded strings are 
so equal that one curve serves for both s^ts. (Kg. 3.) 
The curve is approximately midway between the point- 
to-point and point-to-plane curves; the deviation from 
this position at above 750 kv. is due to the effect of the 
capacity-to-ground on a vertical gap, which causes about 
20 per cent increase in the arc-over value of a 110-in. 
point-gap when the lower point is moved from ground 
level to 15 ft. above it.^ 

In*order to discover any effect of the vertical part of 



Pia. 4 —Flashover op 20 “B” Ikshlatohs, with Shields and 
Tower Members in Position „ 

towers on flashover values, a large wire screen was 
erected 10 ft. 10 in. from the neafest point of the shield 
of a string of 20 “B” insulators, and the screen was 
connected to ground. (Kg. 4.) Voltmeter readings 
of flashovers were taken with and without the screen 
in place. The averages of the two sets of readings were 
equal, showing that the voltmeter coil calibrations of 
the two set-ups were tiie same. But the lowest ob-" 
served values w^e 900 kv. with th#screen and 930 kv.„ 
without. Jt is probably safe to infer that the exploring 
streamer sparks^ere influenced by the presmice of the, 
screen, resulting in a 3 per cent lower flashover. This 
is barely greater than the limits of experimental error. 
C(Jnsequently it may be said that the important part 
of' the tower, as regard^ flashov^, is the member at 
the grdund end of the insulaters. 

The flashovCT voltage of a’double string when 
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Yielded, is suffid^tly near to that of a similar single 
string to assume that they are equal, provided they have 
equal arc-over distances, (Pig. 3). 

2. Strings in- the Horizontal Position. 

In the horizontal position the conductor provides no 
shielding effect. In actual transmission lines, the 
jumper at anchor towers would give some shielding; 
but it was decided to use an ejctreme case, as might be 
found at a terminal point, where the lead to the trans- 


The amount of pfiming with “B” insulators 

results in a higher flashover for a given are-over distance 
than with tiie “A? insulators’, although there is hardly 
any difference between the flashovers of the two^types 
for strings of less than 16 units. 

(c) “A” and “B” insulators, with shields, arcing- 
rings, and tower memj^ers.. 

Fig. 9 shows a typical -arc-over. An arc to the tower 
sometimes occurred, and the flashover was frequently 
below the string bdt in every case the arc cleared the 


units. ; . ■ r : 

The flashover voltages were the lowest of all those 



Fra. 5--PLASHOVER or 26 “A” Insulators, Strain Position 


formers or switchgear is in such a position as to shidd 
the insulators but little. 

(a) “A” insulators, unshielded. 

The lowest flashovM- voltages of unshielded strings of 
“A” insulators are mid-way between the point-to-point 
and point-to-plane values, up to about 750 kv. Above 
this, bolih priming and cascading (Fig. 5) become very 
marked, and the curve runs below those of the two 



aroover drtance in inches 

Fia. 6—Flashover op Suspension Insulators, Strain 
Position, Lowest Observed Values 


Pio. 7 —^Flashover op 22 “B” Insulators, Strain Position 



standards. (Fig. 6.) It should be noted that 25 “A” * 
* u-m’rji were arced over only because priming and cas- ^ 
.cading occurred, ^fhe flyover of 26 of the closer' 
pitched “B” units was beyond limits of the high-voltage 
•transformers, for with them there was ,less priming and 
cascading. (Fig. 7.) 

Fig. 8 is interesting, as it visibly demonstrates the 
need of shields and arcing-ringg; corona from the high- 
voltage lead has shielded the first nine units, b^t cas¬ 
cading has occurred on the^ground unit. 

(b) “B" insulators, unshielded. 


PiQ. 9— Flashover op 20 “A” Insulators, with Shields 
AND Tower Members in PosiTiqpi. Water Column Resistor 
IN Foreground 

* - . • • 

measured. They ag^ee ve^ closely with the point-to- 
grounded-plane values, as might have been antidpated 
from the position of the high-voltage lead with respect 
•to the grounded tower. 

, * . Conclusions . * 

1. yarialion in Pitch. With |trings in any,position 
which are shidded (either by the conductor or by 
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shields) a 16 per cent valiation in pitch lioes not 
affect the arc-over. 

With strings which are not shielded c^cading and 
priming may result on an increase in pitch. This will 
lower the flashover value. 

The 6-in. pitch of the “B” insulators seems to be as 
large as a 10-in.* diameter imit wi^ stand without cas¬ 
cading. • This is in close agreement with the results of 
G. Viel»*for cap-and-pin insulators 11.4 in. in diameter 
and 5.9 in. pitch. In- other words, for unshielded 
strings the pitchy shoidd not be more than •about half 
the diamet^ of tlieoinit. 

2. Shielding. All strings (except perhapS those below 
15 in. long) should be shielded. With vertical strings 
the conductor may pro-vide sufficient shielding, if the 
pitch and therefore the variation in stress on indi-\ddual 
units, is not too great; though to be certain that the 
fla^overs clear the string, arcing-rings should be used.' 
In other positions the conductor may not provide 
sufficient shielding, then ring shields must be fitted. 

3. The Flashover VoUage-Distance Relation is not 
straight line, but lies between the point-to-point and 
point-to-ground-plane curves. 

4. ' The Lowest Flashovers are obtained with strain 
strinp.. But tSese values are not below the point-to- 
grounded-plane arc-overs for the same distances. 

5. Length of Strain Strings. Thesb need not be more 
than five per cent longer than suspension strinp; 
that is, one unit in twraity should be added to the normal 
vertical sitring to guard agmnst (jjie capacity effect of 
the strain towers. Additional units may also be neces¬ 
sary t® overcome special local atmospheric or dirt 
conditions. 

6. Double Strips have the s3me*flashover as single 
strings of the same length, if both are adequately 
shielded. 

7. Galibrfition of Voltmeter. •Vpltmeter-coil (or po- 
tential-trangformer) readings*^^ould be calibrated by 

some suitable method for each particular type of set-up. 

♦ 
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A 4000-LB. TELESCOPE DISK 

Th5 most serious difficulties met in producing large 
pieces of glass include properly melting the amount of 
glass required, transferring it to a mold to produce the 
desired shape while maintaining the necessary quality, 
and finally, cooling it at such a rate that it does not 
crack and is free from disturbing internal stresses. 

Because of the lack of definite information on methods 
of making satisfactory pieces of glass which could h^ 
used for large telescope reflectors, the Bureau of 
Standards undertook to produce a 70-in. disk. 

It was first necessary to make pots sufficiently large 
to hold the amount of glass required. The pots were 
“cast” in a plaster of Paris mold by a method developed 
at the Bureau. A hole was pro-vided near the base, of 
the pot which could be plugged during the melting of 
the glass and through which the glass could be tapped. 

The combined mold and annealing furnace into whieh 
the glass was tapped consisted of four essential parts: 
the metal forms, the lining, the heating elements, and 
the insulation. 

The temperatures of the* melting furnace and of the 
annealing furnace were controlled electrically. The 
pot was burned very slowly, 30 days, being required to 
reach a temperature of 1426 deg. cent., at which the 
glass would be melted. 

When all arrangements were completed for tapping 
the pot, the water-cooled plug was removed and the 
molten gto began to flow. When practically all the 
glass was in the mold, tbe lid was put in place. The 
glass was cooled to 600 deg. cent, as rapidly as the 
furnace structure would permit. During the next two 
months the heating current was gradually reduced 
until the temperature for axmealing was readied. TJie 
'glass was annealed for 41 days at 4613eg. cent. > 

Four and & half months after the cooling from anneal¬ 
ing temperature gtarted, the furnace and its contents 
were practically at room temperature. The glass was 
found to be in satisfactory conation. 

• The disk was 69.76 in. in diameter, 11 in. thick, 
^nd weighed approximately 40011 lb. The maxim^ 

• strain detected was well within ^e limit perm^ible 
for optical instruments of the high^t precision. 
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abnonnaUy long spaxjingsf the conductor losses reach 
the point of balance as against the savings in other 
factors. ^ ' 


TWENTY-AMPERE SERIES aRCUITS FOR STREET 
LIGHTING- 

C.J. Stahl‘ 

Wherever lamps are to be installed on a fairly close 
spacing, there is a growing tendency to use 20-ampere 
straight series street lighting circuits in preference to 
6.6-ampere circuits, whidi have been so generally used 
in the past. * Several 20-ampere systems have been in 
use for more than a year, and reports of operation are 
• very favorable. 

. Those who advocate the rise of 20-ampere circuits 
maintain that the 6.6-ampere practise is a heritage of 
the days when arc lamps were in general use for^treet 
lighting service. It is pointed out that on undergroimc^ 
circuits, either No. 6 or No. 8 copper conductors are 
used, and that these have a current-carrying capacity 
considerably in excess of 6.6 amperes. When this 
current-carrying capacity is not properly utilized, a 
share of the copper investment is going to waste. 
Furthermore, insulation costs are unnecessarily in¬ 
creased, since at the lower current rating for a given 
load, the total circuit voltage is higher than for the 
20-ampere circuit. On the 20-ampere straight series 
circuits the use of individual auto-transformers or 
series transformers at the lamps is unnecessary. This 
somewhat improves the efficiency and power factor and 
naturally the investment cost is less, due to the omis¬ 
sion of these items. 

There appears tO be no element of the equipment, 
installation or maintenance canying a hi^er cost for 
the 20-ampere circuit than for the 6.6-ampere circuits 
but there are several items in*whi«di the cost is consider- 
*• ably reduced. . 

For a given circuit load it is obvious that the total 
drcuit voltage is reduced approximately 66 per cent. 
In this case the cost of underground cables is substan¬ 
tially fess. On-the other hand, for a given cable 
voltage rating, it is possible to supply approximately 
three times as many units on a tingle circuit when 
operated at 20 amperes. 

The use of 20 amperes, however, does make neces¬ 
sary the omission of steel tapes from underground 
cables. During the past two or three years, this has 
brought about the development of the so-called “non? 

, inductive” cables, in which the steel tapes have been 
entirely omitted ^r replaced by non-magnetic fibrouq 
” materi^. In duct systems, in which the ducts are of 
non-magnetic noaterial, naturally no difficulties are 
“ experienced from the standpoint of excessive reactance 
losses. 

The advantages of the 20-ampere system seena to 
apply either to omanjental oj; overhead types of street * 
lighting, providing • that the spacing betwqpn the", 
units does not much exceed 150 ft. In the case of * 

1. Westingioixse Electric & Manufacturing Co., South 
Beud.Ind. • , ^ 


CALORIMETER TEST ON 68J50-KV-A. * 
TURBINE GENERATOR 

/. Mr .Calvbbti 

LTHOUGH a number of calorimeter t^ts have 
been made in this country and abroad to deter- 
minefthe loss in turbine generators when operat¬ 
ing at the full-load full-voltage 6 pw*' cent power over 
exciter condition, very little if anything has been pub¬ 
lished on tests at 80 per cent fiower factor, and the idea 
has always lurked in the minds of engineers that pos¬ 
sibly the load loss under these conditions might be of a 
different magnitude. 

Recently two duplicate 68,750-kv-a. turbine genera¬ 



tors were coupled electrically a^jd fnedianically, and 
the losses of the machine which was operating at 80 p^ 
cent power factor as an ovar-excited generator were 
measured by the calorimeter method; that is, the 
kilowatts to the air stream, which comprised about 98 
per cent of the totifl loss^ occurring within the frame, 
were compute from measurements of the volume and 
temperature ri^ of thfe air passing through the madiine. 
The remaining loss was estimated from temperature 
measurements at various points on the frarSe and the 
•air vtiocities over the outside surface. „ 

•The data obtained showed that the full value of load 
loss,as measured on short circuit was practically equal 
to the load loss at the full-load full-voltage 80 per cent 
power-factor condition as determined by the calorim- 
etertests." This test furnishes a yeriflwition of the 
. present A. I. E. E. standard metjiod" of measuring stray¬ 
load loss for commercial guarantees. " « 



1. Westinghouse E. & M. Co. 
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Institute and- Reiated Activities 

The District Meeting in Chicago 


Some of the most yital of recent developments in electrical engi¬ 
neering will be discussed at the District Meeting of the Institute 
which will be held December 2 to 4 at the Drake Hotel, Chicago, 
Ill. Insx>ection trips of special interest have been arranged and 
a banquet and dance will be enjoyed. • 

Two Student Sessions form another important part of the 
program. The sche<^ule o'f.all events is as follows: * 

Program op Chicago Meeting ^ 

(All sessions will be held in the Ballroom) 

Monday, December 2 
9:00 a.m. Registration. 

9:30 a. m. Session on Student Branch Activities* 

J. H. Kuhlmann, presiding. 

• A series of reports by Branch chairmen will be 
presented. A prize of $10.00 will be awarded 
for the best report, , 

2:00 p. m. Formal Opening of Meeting by President H. B. 
Smith. 

Address of Welcome by Chicago Association of 
Commerce. 

Session on Communication. 

W. 0. Kurtz, presiding. 

Recent Developments in Telephone Toll Service^ by 
W. H. Harrison, American Telephone & 
Telegraph Co. 

The Chicago Long Distance Toll Board, by E. O. 
Neubauer and G. A. Rutgers, Illinois Bell 
Telephone Co. ^ 

Manufacture of Telephone'^ Carrier and Repeater 
Apparatus, by R. C. Glasier, Western Electric 

^ Co. ^ * 

Air Transmrt Communication, by E. L. Jones and 

F. M. Ryan, Bell Telephone Laboratories. 

# 

J'uESDAY, December 3 
9:30 a. m. Session on Power Plants. 

^ F^. H. Lane, presiding. ^ 

, The Future of Higher* S^am Pressures, by I. E. 

• Moultrop, Edison ♦Electric Illuminating Com¬ 
pany of Boston. ^ 

Use and ^Desipn of Fault Ground Bus, by R. M. 
Stanley ahd F. C. Homibrook, Byllesby Engg. 
andMgt. Corp. 

^ Increased Voltages for Synchronous Machines, by 
C. M. L&fiPoon, Westinghouse Elec. & Mfg. Co. 
Double Windings for Turbine Alternators, by P. L, 
Alger, E. H. Freiburghouse and D. D. Chase, 
General Electric Cd. • 

A 40,000“hw. Variable-Ratio Freqrsency Converter 
Installation, by E. S. BundyNiagara Lock- 
port and Ontario Power Co. and A. Van 
^ Niekirk and W. H. Rodgers, Westinghouse 
Elec, & Mfg. Company, . 

2:00 p. m. StudenSt Technical Session. 

J. 5. Kuhlmann, presiding. » 

Relation Between the branches and the Institute, %hy 
H. H. Henline, Assistant National Secretary, 

• A. I. E. E. 

WhatJ[ Expect to Find When I Get Into IMustry,4oy 
H. W. ^asse, Marquette University. 


Personnel Selection in Public Utilities, by 0. 
* Alstadt, MSrquette.Umversity. 


Electric Power Transmission in Iowa, by E. M. 
EUingson, The State University of Iowa. 

Experiences with Single-Phase Condenser Motors, 
by S. B. BurgdufP, Marquette University. 

Headlight Testing, by J. C. Newhouse,*tJniversity of 
Mionesota. 

Testing of Reduction Gear Units, by G. P. Maurer, 
Marquette University. 

Determination of the Temperature of Underground 
Power Cables from Load, by J. E. Dean, 
Michigan State College. , 

Cooperative Engineering, by R. J. Abele and F. J. 

0 O’Keefe, University of Detroit. 

^ A Discussion of the Recent Public Utility Investigation 

at Washington, by B. G. Conroy, University of 
Notre Dame. 

3:30 p. m. Board of Directors' Meeting (Room D). 

6:46 p. m. Banquet and Dance (Ballroo|n). , 

Wednesday, December 4 

9:30 a.m. Session on Transmission and Distribution. • 

H. W. Bales, presiding. 

Theory of a New Valve Type Lightning Arrester, by* 
J. Slepian, R. Tanberg and C. E. Krause, 
Westinghouse Elec, and Mfg. Company. 

Low-Voltage A-C, Networks, by R. M. Stanley and 
C. T. Sinclair, Byllesby Engg. and Mgt. 
Corp. 

An Economic Study of an Electrical DisiAbnting 
Station, by W. G, Kelley, Commonwealth 
Edison Co. 

Experience with Carrier-Current Communication on a 
High-Tension Interconnected Transmission Sys¬ 
tem, by Philip Sporn and R. H. Wolford, Ameri¬ 
can Gas & Electric Co. 

Automatic Regulation for Synchronous Condensers 
Equipped with Super-speed Excitation, by L. W, 
Thompson and*P. J. Walton, General Electrio 
Co. 

2:00 p. m. Session on Research and Development* 

A. H. Lovell, presiding. 

Polyphase Induction Motors, W. J. Branson, 
Robbins & Myers, Inc. 

Recording Torque Indicator, by G. R.^Anderson, 
Fairbanks, Morse & Co. 

Effect of Armature Resistance on Stability of Syn¬ 
chronous Machines, by C. A. NicMe and C. A. 
Pierce, General Electric Co. 

Ionization Currents and the Bredkdovm of Insulation, 
by J. J. Torok and F. D. Fielder, Westinghouse 
' Elec. & Mfg. Co. 

Heat Radiation in Inter-Reflection Cases, by A. D. 

, Moore, University of Michigan. 

. Inspection Trips * 

There will bd quite a number of attractive inspection trips, 
including those to t^e New State Line Generating Station, 
Crawford Avenue Generating Station, a typical electrified steel 
mill, a high-capacity transmission substation, the Western 
51 ect]|io factory, an automatic telephone exchange, and several 
others. ^ ^ 

.♦Member| should register as soon as possible for trips they 
Wish to take. Complete informatioTi wijl be available at the 
registration desk at the opening of the meeting. 
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ESrSTITUTE AND i^ELATED ACTIVITIES 


Journal A. I. E. E. 


Ladibb’ Entertainment 

The Ladies’ Entertamment Committee fs planning a very 
interesting program, including trips to the Art Institute^ the 
Live Stock Sb^ow, and the Field Museum—also abridge party and 
tea. A sb opping service will also be available. 

' Reduced*Railroad Rates 

Railroad tickets from certain territories to Chicago may be 
purchased at reduced rates, available to anyone who visits 
Chicago during the International Live Stock Show, which will be 
in progress tSt the time of the meeting. The round trip rate 
will be one and one-half times one way fare for those starting 
east of Chicago. It will be one and one-third times one way 
fare for those starting from west of Chicago. Local ticket agents 
should be consulted regarding territories, restrictions in dates, 
and other details. 

Hotel Reservations 

Reservations for hStel rooms should be made by application 
direct to the hotel. Rates for the headquarters hotel, thg Drake, 
as well as for other hotels are given in the following tabulation. 
Reservations should be made early in view of the expected 
large attendance at the Live Stock Show. 



Boom rates per day 
(minimum) 

Hotel 

Without bath 

With bath 

Drake. 

— 

$5.00 

4.00* 

Pearson. 

«3.d0 


McOormlck. 

3.00 


Knickerbocker. 

2.50 


Maryland. 

2.60 


AUerton. 

2.60 

3.00 

Eastgate. 

2.60 


Alexandria. 

1.50 

2.00 

Ontario. 

1.60 

2.00 


^Special rate for Students only. 

Committees 

The District Meeting Committee which is arranging the 
meeting is as follows: W. T. RyaA (Vice-President*in District No. 
6) Chairman; T. G. LeClair, Vice-Ciiairman; A. G. Dewars, 
Secretary; J. H. Kuhlmann, il. A. Pauqett, Oscar Gaarden, 
L. F. Hickemell, P. B. Juhnke and F. H, Lane. The chairmen 
of the other committees are: Technical Program, F. H. Lane; 
Hotel and Registration, J. E. Kearns; Finance, K. A. Auty; 
Trips and Transportation, H. E. Wulfing; Publicity, F. R. Innes; 
Entertainment and Banquet, H. W. EaJes; Ladies, Miss Helen 
Norris; and Student Activities, J. H. Kuhlmann. 

En Route to World Engineering Congress 

On October second the principal group of American and 
European engineers en route to Tokio to attend the World Engi¬ 
neering Congress left New York on a special train via the Balti¬ 
more and Ohio Railroad. About 80 were aboard the train aijd 
this number was considerably increased by accessions at various 
places in the taldng on of the foreign engineers who had arrived 
in New» York during August and September and who left earlier 
for the purpose of visiting places of engineering interest on their ' 
way to San Francisco. * 

When the train reached Washington, #t was met by a well 
organized local committee, and the entire party was taken to 
the Mayflower Hotel, selected as headquarters. 

Upon the evening of their arrival. His Excellency, Kfiitsuj> 
Debuchi, Japanese Ambassador te the United States, entertained 

ica _• _ .1 .. n * 


them a Happy journey. Elifler A. Sperry, Chairman of the 
American Delegation, responded to this address. The occasion 
was an exceedingly enjoyable’one and afforded a much ap¬ 
preciated opportubity for Aineriean, European, and Japanese 
delegates in attendance to become better acquainted. . 

Upon completion of the sightseeing trip about Washington, 
(which included Mr. Vernon,—the home of" the first engineer 
Ih’esident,—the Bureayjf Printingand Engraving, the Pan Ameri¬ 
can Union, Museums, the Cdpitol, Library of Congi*ess, Arlington 
National Memorial, the embassies, legations, and r, even the 
zoological gardens), the delegation called at the White House 
and paid its respects to President Hoover who was one of the 
early sponsors of this movement for a* World Engineering Con¬ 
gress in Tokio. He shook hands warmly with each member 
of the delegation, wished them a pleasant journey, and stood for 
his photograph with the delegation. 

The special train bearing the delegates away from Washington 
left afS :55 p. m., on the tffird, scheduled to stop at Chicago, Los 
Angeles and San Francisco, and in each place the delegates were 
met by the local engineering societies; thence, on to Hawaii. 

The train arrived in Chicago early October fourth an^, the 
acting local committee ably conducted "the visitors upon the 
various excursions of interest; at noon the Western Society of 
Engineers entertained the 'entire group at luncheon. 

Leaving Chicago late on the afternoon of October fourth, the • 
special train stopped a whole day at the Grand Canyon, and 
another day at Pasadena and Los Angeles. The local com¬ 
mittee of engineers provided enjoyable events at Los Angeles 
and San Francisco, the latter city being^ached the morning 
of October ninth. 

About 300 engineers and members of their families sailed 
October tenth from^ San Francisco on the Korea Maru of 
the Nippon Yusen Kaisha and the President JacJcson of the 
Dollar Line. Some of those unable to obtain accommodations 
on these two ships were obliged to embark on steamers from 
Seattle and Vancouver%' 

After a stop of two days in Honolulu, the two steamers left, 
scheduled to reach Yokohama October 27th, the Congress to 
open on the 28th and to terminate on November 10th. After 
this, various excursipns ^in Japan and elsewhere have been 
scheduled by the Japanese* committees in charge of the arrange¬ 
ments for the Congress. 

SillMIIIIIIIIIIIIIIIMMIIIIIIIIIIIIIIIIilllltllllllllllllllllMMIIIIIIHIIIIUIIIIIlillllMllllllllllllillllltlllllllllillllllllllllClimillllHIIIIIIIIIillllllllltMIIIIIIIIMMIIIIMIHIIIIIIIIIIIIIIIIi:: 
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NATIONAL *IH^EARCH COWCEL 

l.„........................! 

THREE-DAY INSULATION COI^ERCNCE AT M. I. T. 

The Committee on Electrical Insulation, Division of Engi¬ 
neering and Industrial Research, National Research Council, of 
which Doctor J. B. Whitehead is Chairman, will hold an^Annual 
Meeting and three-day Conference at the Massachusetts Insti¬ 
tute of Technology, November 14-16, inclusive. The first day 
will be devoted to meetings of the subcommittees. On Friday, 
November 18, the oonferefice will be welcomed by Doctor 
Stratton, PresMent of tl^e Massachusetts Institute of Technology, 
and the conference will be opened by the address of Doctor J. B. 
Whitehead. Technical sessions will follow and there will be 
discussion of the research work how under way in the laboratories 
of the M. I. T. Saturday morning, the 16th, will be devoted to a 
technical session at which will be presented*progress reports of 
research work in laboratories of the Universities of Illinois, 
Harvwd, Johns Hopkins, ahd Massachusetts Institute of 
Technology. The conference will be the guests of M. I. T. at 
luncheon each day. Other social features are also b^g arranged. 


Debuchi, Japanese Ambassador 1% the United States, entertained Anong those* to present papers are Messrs^iW. F. Davidson, 
Dclbre than 160 engineers in j, most hospitable manner# Amba^;. Brooklyn Efiisdn Co., 0. F. Hirshfeld, ifetroit Edison Company, 
sador Debuchi, in a short appropriate address following the D. W. Roper, Commonwealth EdJ^on Co., R.^'VJf. Atkinson, 
banquet, welcomed the delegates and their friends and wished General Cable Corporation; Professors E. B. Paine, University of*' 
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INSTITUTE AND RELATED ACTIVITIES 


Illinois, C. L. Dawes, Harvard tlniversity, J. B. Whitehead, 
JoMs Hopkins University, P. H. Moon, Massachusetts Institute 
of Technology, and others. * • • 

Annual Meeting of the American 
Mathematical Society 

The American Mathematical Society, ^r its Annual Meeting 
December 27-28, 1929, to be held ^fLehifeh University, Bethle¬ 
hem, Pa., arranging that Friday be given to the presentation 
of the usual type of papers and that Saturday b^e devoted to a 
s 3 rmposium on the mathematics of engineering. The general 
topic chosen for the Saturday sessions is Differential 9quations of 
engineeringi and it is proposed tentatively that, both morning and 
afternoon, three half-hour papers be given by men eminent in 
their fields. Tliis part of the program is being arranged because 
of a wish expressed by some members of each of the two groups— 
mathematicians and research engineeffe—^for closer cooperation. 

All interested are cordially invited to attend. Headquarters 
for the meeting will be at the Hotel Bethlehem, and further 
detaij^ are being planned by the Committee on Arrangements, 
Professor Tomlinson Fort of Lehigh University, Chairman. 
Printed program will be sent upon request to the Secretary, 
R. G. D. Richardson, 501 W. 116th Street, New York, (after 
December 7), who will gladly furnish other desired information. 

The sessions will be held in the new Packard Laboratory for 
electrical and mechanical engineering. 

Those participating in the program are H. W. March, 
Department of Mathematics, University of Wisconsin; Vannevar 
Bush, Department of Electrical Engineering, Massachusetts 
Institute of Technology; T. H. Gronwall, Department of Physics* 
Columbia University; A. Nadai, Research Laboratory, Westing- 
house Electric and Manufacturing Company, (formerly of the 
University of Gottingen); R. H. Park, Engineering Department, 
General Electric Company; and S. Timoshenko, Department of 
Mathematics, University of Michigan,^* (formerly with the 
Westinghouse Electric and Manufacturing Company). 

• r~i 

Massachusetts Institute Hears Hydraulic 
. Engineer/ • 

starting October 2^ Doctor Dieter Thoma, Director of the 
Hydraulic Institute of ^ the Technical University of Munich, 
Germany, gave^a series of lectures at Massachusetts Institute of 
^Technology, Cambridge, on the following subjects: 

Development*of the design of*KapIan Turbines and some 
recent installations, including Rybourg-Schwori^Jiadt Plan; 
cavitation in hydraulic* turbmes and pumps; methods of im¬ 
proving the shape‘of blade^’^)f turbines and centrifugal pumps; 
the hydraulic storage of energy; dissipation of energy in fluids; 
experim^tal determination of losses in pipe fittings and experi¬ 
ments with various devices; the hydroelectric plants of the * 
Mittlere Isar A. G. and experimental researches for them; stability * 

problems involved in governing hydraulic turbines; self-support- ^ 
ing pipes of large diameter with thin walls; effectiof scale in ! 
model tests and general remarks about hydraulic laliioratories for 
turbine research illustrated by moving*ani still juetures. 

Doctor Thoma has consented to lecture before the Washington 
Society of Enfineers on November 6, at which time he will 
deliver an illustrated lecture on the Kaplan turbine. By special 
request, he will alsfl treat, in a limited time, the subject of 
cavitation. ^ • • i 

- m 

Xhe Washington Award 

Members of the Institute are reminded that through Secretary 
P. L. Hutchinson, repr^entative, they may participate in the 
Washington Aw^d. • ( 

^This prize,-*-a bronze plaque,—^is j)resented annually to*an 
ngineer for accomplishment which “preeminently promotes the 


happiness, comfort, and Well-being of humanity.*' Although the 
prize is sponsored by the Western Society of Engineers, which 
hold§ a fund now amounting to $10,000 donated by its member 
John W. Alvord,.the award is made by a Commission representing 
the American Society of Civil Engineers, the American Institute 
of Mining and Metallurgical Engineers, the American Society 
of Mechanical Engineers, the American Institute of Electrical 
Engineers and the Western Society of Engineers. 

The proceeds of the fund are used to provide the annual token, 
and to entertain the guest of honor at the annual presentation. 

Although previous recipients of the award included famous 
men, such as Herbert C. Hoover and Orville Wright, it is the 
purpose of the Award Commission to bestow the award, when 
merited, upon comparatively little known instances of public 
and professional devotion. It is intended to cover all the various 
branches of engineering in the broadest sense, and is not limited to 
iresidents of the United States or membership in any society or 
organization. Members of the Institute [possessed of informa¬ 
tion whi®h they believe will be helpful to the Washington Award 
C^ommission should communicate such information to Mr. 
Hutchinson at Institute headquarters. 

r— ...........——i 


STANDARDS • • I 

I 

......... 

Symbols for Mechanics, Structural Engineering and 
Testing Materials • 

A report on a proposed Tentative American Standard “Sym¬ 
bols for Mechanics, Structural Engineering and Testing Mate¬ 
rials,’* is now being circulated for purposes of criticism and com¬ 
ment. This report has been prepared by the Subcommittee 
on Mechanics of the Sectional Committee on Scientific and Engi¬ 
neering Symbols and Abbreviations of which the Institfita is 
one of five joint sponsors. Those interested in obtaining copieisi 
of this report should address C. B. Le Pago, A. S. M. E., 29 
West 39th;jStreet, New York, N. Y. 

Proposed Model or Standard for Adequacy of Wiring of 
Commercial and Industrial Buildings 

The Commeroial National Section of the N. E. L. A. is working 
to establish a model or standard of adequacy, for the wiring of 
commercial and industrial buildiilgs. Certain model specifica¬ 
tion paragraphs have been prepared and are intended for inser¬ 
tion in architects* electrical specifications. Their purpose 
is to provide sufficient capacity so as to permit of suitable elec¬ 
tric lighting to meet probable demands, and avoid expense of 
future reconstruction. Heretofore it has been a common practise 
to use the National Wiring Code as a gn^ide to adequacy, result¬ 
ing in a large number of wiring installations becoming out of date 
shortly after completion, so that fuses are blown or the wiring 
drop is so excessive that lighting units fall far short of rated 
light output. For further details, copies of the specification 
paragraphs, etc. address the N. E. L. A. headquarters, 420 
Lexington Ave., New York, N. Y. 

• ■ - — 

World Power Conference 

. AMEBICAN COMMITTEE! APFOQITED ' 

. The engineering profession and the power developing andTusing 
industries of theJJnited States have planned an elaborate pro¬ 
gram of papers for discussion in the sessions of the World Power 
Conference to be held m Berlin, June 16-26,1930. 

The papers program will stress the economic and financial 
problems involved in the generation, distribution and utilization 
of power, and focus the attention of the world upon the increas¬ 
ing importance of this tremendous agen^ in building up o{ 
civilization.* • 

The American Committee appointed has-been formulating the 
progragi, which it closed on October 21st’. It is expected that 
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General Reports of all the papers will be available in French, 
German, and English, well in advance of the Congress. 

The address of the World Power Conference Program Com¬ 
mittee is Rooqi 818,29 West 39th Street, New York, N. Y. 

Meeting of Naval Architects and Marine 
Engineers 

The Thirty-seventh General Meeting of the Society of Naval 
Architects and Marine Engineers will be held in the Engineering 
Societies Building, 29 West 39th St., New York, N. Y., November 
14-15 inclusive. A technical program of approximately fourteen 
papers by endSinent authorities on the various subjects intro¬ 
duced will be presented, followed by opportimity for open dis¬ 
cussion. 

On Friday evening, November 15th, the Annual Banquet will 
» be held in the Ball Room of the Pennsylvania Hotel, 33rd St. 
and Seventh Avenu% preceded by a reception at 6:30 p. m. 
All interested should communicate promptly with Daniel H. 
Cox, Secretary-Treasurer, Engineering Societies Building. 

^ • 

S. A. E. Transportation Meeting 

The Society of Automotive Engineers will hold a Transportation 
Meeting, Novembeia 12-15 inclusive, at Toronto, Canada. 
Joint sessions with the Motor Transport Division of the American 
Railway Association are scheduled for November 13. 

* Report on Technical Discussion 
at Pacific Coast Convention . 

A summarized report of the main points in the techmcal dis¬ 
cussion at the Pacihc Coast Convention held in Santa Monica, 
Calif., September 3 to 6, is given below. The papers presented 
in QfLch session are listed and followed by the discussion report. 
Complete discussion will be published with the respective papers 
in the Transactions: 

First Session 

Radio Interference for Line Insulators^ E. Van Atta and E. L. 
White. 

This paper discusses the phenomenon of brush discharge on pin 
type and suspension insulators, • from the point ©f view of radio 
interference. It describes the various attempts at eliminating 
such discharge, and offers some*suggestions for the future. 

J. P. Jollyman stated that interference is caused by 60-kv. 
transformer bushings which are solid porcelain with a hole larger 
than the conductor. In order to eliminate the interference, his 
oompiftiy proposes to fill the hole with metal filings or screen. 
Mr. Kalb stated that he has reduced such interference by instal¬ 
ling a wire-screen sleeve between the bushing and the conductor. 
He said he had not been able to eliminate interference from pin 
type insulators by any method. He suggested that corona due 
to use of too small a conductor might be responsible for some 
interference. F. B. Doolittle stated that he has eliminated mter- 
f erence caused by large bushing holes by employing a brass tubing 
sleeve. Mr. Van Atta agreed with some of the speakers that 
excessive dampness minimizes interference. He stated that 
interference from loose bushings may be prevented by filling the 
bpen spaces with insulating compound or tape. ^ 

Spray and Fog Tests on 220^Kv, InsulaiorSy R. J, C. Wood. , 
In this paper are given results of two and one-half years of 
tests at 150 kv. to ground under field conditions at a location near 
the ocean. Ten different types of insulators are compared, and 
a basis of comparison is suggested. 

G: A. Fleming stated that his experience agreed with tl^e con¬ 
tentions in Mr. Wood*^paperth^t frequent washing of insulators 
i» desirable in localities exposed to salt spray and sand. r 

The BO^Cyde Flashoveg: of hong Suspension Insulator Strings, R! 
H. Angus. 

This paper gives the results of an investigation covering the 


variations in flashover voltage%r similar horizontal and vertical 
insulator strings with and without shields and tower members. 

In commeiftingnn Mr. Angus' paper, Bradley Cozzens pointed 
out that double suspension strings of insulators have a higher 
mortality rate than single strings of the same length. 

Impulse Insulation Characteristics of Wood’^Role Lines, H. L. 

Melvin. 

This paper gives th/ residts of a rather comprehensive series 
of tests on the impulse insulation characteristics of wood and of 
combinations of insulators and wood used in wood-pole transmis¬ 
sion line construction; and suggests methods of protecting wood 
from damage due to lightning discharges. 

Second Session^ 

Development Insulating Oils, C. E. S kinn er. 

This paper traces the difficulties which have arisen during the 
development of insulating^oils and details the precautions which 
are necessary during manufacture and in subsequent handling. 

In discussing Mr. Skinner’s paper, President H. B. Smith 
stated that he had raised the insulation strength of a 40,000- 
gallon open tank of oil by operating continuously in the bGttom 
of the tank a 3-kv-a. electric heater. In two months, the break¬ 
down voltage in the standard gap increased from 38,000 volts to 
48,000 volts. For two months longer, it remained at 48,000 
volts. Mr. Wilcox pointed out that oil which contains acid 
cannot be completely purified by a centrifuge or a filter press; 
a chemical process must also be introduced. For such oil, he 
advocated the use of water glass and Puller’s Earth in connection 
with a centrifuge. The method, he said, is simple and easily 
learned. D. W. Proebstel stated that he has successfully used 
a method of recoveripg used oil which employs a mixing tank, a 
vacuum pump and Puller’s Earth. 

Effect of Tank Color on Temperature Under Service Conditions^ 

V. M. Montsinger and L. Wetherill. 

This paper outline&the results of field tests conducted on 
laransformers, and a method of calculation to check the test 
results, taking into consideration the various factors which 
apply to a transformer. Figures are given to show; that the 
calculated results ch^ck yery closely with the observations, while 
the outstanding conclusion is that the oolor«of the tanks has very 
little effect on the performance of transformers located outdoors, 
though indoors, a dark color is desirable. ^ 

In commenting on th^ paper, J. F. Dunn pointed «out that 
although a black transformer tank gives an internal teniperature c 
only about 2 to 4 deg. centrhigher than a white tank, this differ¬ 
ence is wortlsy of careful consideration. A difference of 2 deg., he 
said, may amount to 5 per cent in the k^^tding of the transformer. He 
pointed out also that the temperature differences might be con¬ 
siderably greater in climates warmer than that of Pittsfield 
where the tests of the paper were conducted. J. S. Moulton 
stated that experiments made by him m California causbd him to 
agree with the authors’ conclusion that the color of paint is of 
little importance. * ^ 

Population a^an Index U> Electrical Development, N. B. Hinson. 

The value o> population studies to determine the probable 
future electrical demand of a given community is pointed out in 
this paper,' and a number of cases are given to sho^ the results of 
such a basis of prediction. 
plamesfrom Electric Arcs, J. Slepian. 

The origin and properties of fiames from electric arcs are dis- 
cu§sed[ in this paper. Means'^for reducing and dissipating such 
fiames are considered, and application of such mea^ described. 

D^ign Fmtures That Make Large Turbine Generators Possible, 

W. J. yosf er and M. A. Savage, t ^ 

This paper discusses the modem features of,.dectrio designs 
which permit the development of niachines having^a capacity of 
100,000 kv-a., or greater. 
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Third SIjssion ♦. 

B;ffect8 of Surges on Transformer Windings^ J. K. Hodnette. 

This paper describes a study of the reaction 8l transformer 
windings when subjected to transient voltage surges. Measure¬ 
ments ot the voltage distribution to ground and between parts of 
windings were effected, using a cathode ray oscillograph and 
sphere-gaps. Stresses in the mndihgs were estimated on the 
basis of surges expected on normally^insulated transmission 
systems. • * 

Mr. Hddnette’s paper was discussed at some length by E. K. 
PaluefP, who claimed that the shell type transformer is affected 
by transient voltage in the same way as the core type and that 
the grading of majoi; insulation in the order of low ffequencies is 
not a safe practise. F« W. Peek mentioned the development of a 
**non-resonating** transformer which, through illse of electro¬ 
static shields, is designed to make the voltage distribution uni¬ 
form across .a transformer winding at jny frequency. 

An A-C. Low^VoUage Network Without Network Protectors^ 
L. R. G-amble and Earl Baughn. 

The development of an a-c. low-voltage net-work eliminating 
the flsual form of network protector is described, together with 
the operating experience obtained up to this time. 

In discussing the paper, V. B. Wpey pointed out that with 
, the system described, two kinds of fault might possibly fail to 
clear themselves; namely, a secondary fault near a transformer 
bank and a phase-to-phase feeder fault. Mr. Gamble said that in 
his opinion, although tests under these particular conditions 
have not been made, such faults will clear satisfactorily. 
Developmejit of Loto-Current High'-Voltage Fuses, Roy Wilkins. 

This paper covers the results of investigations and tests of a 
number of different forms of high-voltage fuses, together with 
certain comments concerning their use and limitations. 


Electrical Control Features of Wi'i^d Tunnel at California Institute 
of Technology, W. A. Lewis, Jr. 

The special electrical control features d^cribed in this paper were 
developed for use under conditions which must be met in Tna-lring 
experime|its with a win4, tpnnel having a number of unusual 
features. 

In answer to some questions on Mr. Lewis’ paper Dr. E^lein 
stated that the closed type of wind‘tunnel had been selected 
because it requires#less space; the efficiency, he said, has ex¬ 
ceeded that of any open tunnel. 


• • Fourth Snssloig 

The Electrical^ Engineering of So^rtd Picture Systems, T. E. 

Shea and K. F. Morgan. 

The paper describes the* technique and apparatus of sound 
picture recording and reproduction, with emphasis on their 
electrica engineering aspects. The various, steps in the process 
of disk and film recording, and the changes required in theater 
equipnJent to provide for sound production are outlined. The 
laboratory developments dnd studies out of which recording 
and reproduction methods have grown are given brief mention. 

In discussing the paper on souqd pictures, D. H. Loughran 
pointed out the usefulness of the cathode ray oscffilograph with 
linear time axis. * • 


Dial Telephone System Serving Small Communities of Southern 
California, F. 0. Wheelock.. 

This paper deals with the history, use, and service of the step 
dial telephone system. The equipment is described and the 
methods of operation and maintenance Sjpe given. • 

Parallel Operation of Transformers Whose Ratios of Transforjnor 
tion Are Unequal, Mabel Macferran. 

A formula* is developed for use when emergency conditions 
necessitate the paralleling of transformer bavks ef unegual 
percentage impedance. • By this formula, it is possible to calcu¬ 
late how far *^ff ratio’’ one bank should be placed in order to 
make the bdnks divide an ftnticipatijBd peak load in prop<?rtion 
to their ratings. 


Progress in the Study of System Stability, I. H. Summers and 
J. B. McClure. 

TMs paper gives simplified methods of making transient 
stability calculations and includes examples demonstrating the 
methods used. • The relation of system connectiofis and appara^ 
tus to stability is also discussed in detail. 

V. B. Wilfley, in discussing this paper, stated that he‘had 
found that excitation rises of 400 to 600 volts per sec. are more 
desirable and only slightly more costly than speeds of 200 volts 
per sec., as advocated in the paper. He warned against the 
possibil ty of preventing stability troubles only at the expenses 
of increasing circuit-breaker troubles. L. R. Gamble stated 
that in case of a particular station of the Waihington Water 
Power Company, quick excitation had been found to be ineffec¬ 
tual. Mabel Macferran suggested caution in appl 3 dng high¬ 
speed excitation to synchronous condensers. J. P. JoUyman • 
stated that tests prove that short-circuit currents increase* 
during many cycles after their start and *that quick-acting 
circuit breakers are therefore desirable and less liable to trouble 
than slower breakers. He stated that high-speed excitation is 
desirable, particularly for generators with direct-connected 
exciters. 

Synchronous Generation of Voltage Consumed by Line Inductance, 

T. H. Morgan. ^ , 

A new plan is presented for compoimding the inductive effects 
on transmission lines. A system of series compensation by t^e 
use of electric machinery is described. This includes an explana¬ 
tion of the method of producing the required voltage and inj 
sorting it into the line. 


A. I. £• £« Directors Meeting 

The regular meeting of the Board of Directors of the American 
Institute of Electrical Engineers was held at Institute head¬ 
quarters, New York, on Friday, October 18, 1929. * • 

There were present: President Harold B. Smith, Worcester, 
Mass.; Past-President Bancroft Gherardi, New York, N. Y.; 
Vice-Presidents B. B, Merriam, Sehenecta4yj N. Y.; H. A. Kid¬ 
der, New York, N. Y.; W. T. Ryan, Minneapolis, Minn.; W. §. 
Rodman, Charlottesville, Va.; C.*B. Sisson, Toronto, Ont.; 
Directors I. E. Moultrop, Boston, Mass.; H. C. Don Carlos, 
Toronto, Ont.*; E. B. Meyer, Newark, N. J.; J. Allen Johnson, 
Niagara Palls, N. Y.; A. M. MacCutcheon, Cleveland, Ohio; 

W. S. Lee, Charlotte, N. C,; J.*B. Kearns, Chicago, Ill.; C. E. 
Stephens, New York, N. Y.; Assistant National Secretary 
Henry H. Henline, New York, N. Y. 

The minutes of the Directors’ meeting of August 6, 1929, 
were approved. . • 

A report of the meeting of the Board of Examiners held 
September 25, 1929, was presented, and the actions taken at 
that meeting were approved. Upon the recommendation of 
the Board of Examiners, the following actions were taken upon 
pending applications: 31 Students were enrolled; 89 applicants 
were admitted to the grade of Associate; six applicants were 
elected to the grade* of Member; one applicant was elected to 
the grade of Fellow; 32 applicants were transferred to the grade 
df Member; three applicants were transferred to the grade of 
Fellow. • 

• The Board ratified the action of the Finance Committee on 
approving for payment monthly bills amounting to $31,071.10. 

The budget fos the appropriation year beginning October 1,1929, 
was adopted as submitted by the Finance Committee. ^ 

The secretary reported 1020 members (960 Associates, 69 
Members, and one Fellow) in arrears for dues for the fiscal year 
whic|L ended April 30, 1920, and was authorized to remove from 
the membership list on December 1, 1929, all those whose dues 
iemain unpaid at that time and who have not requested 
‘extension^of time for the payment of the dues. 

As provided in Sec. 22 of the Constitlition, Messrs. James S. 
Fitziijaurice, J. W. Eorkhmd, and Frederick G. Strong, were 



848 . 

added to the list of “Members for I4fe*’ by exemption from 
future dues. 

Approval was given to the location and dates selected by the 
Pacific Coast members for the already authorised‘Pacific Coast 
Convention in 1930; namely, Portland, Oregon,‘.September 2-5. 

A petition from the Kansas City Section for an extension of 
territory was granted. 

As required by the By-laws, five members of the Board of 
Directors were selected to serve on the fTational Nominating 
Committee, as follows: Messrs. H. C. Don Carlos, B, Oherardi, 
J. E. Kearnsf A. M. MacCutcheon, and C. E. Stephens. 

The Board confirmed the appointment by the President, of 
Mr. H. P. Charlesworth as a member of the Edison Medal 
Committee to fill the unexpired term of Mr. E. B. Craft, deceased. 

The following appointments of representatives were made: 
Mr. H. P. Charlesworth was reappointed to the Board of Trustees, 
. United Engineering Society, for the three-year term beginning 
in January 1930;lM[r.»W. A. Del Mar was appointed to fill the 
unexpired term of E. B. Craft, deceased, on the library Board 
of the U. B. S., and Professor W. I. Slichter wasreappointSd to the 
librai’y Board for the four-year term beginning January 1,193(H 
Mr. John C, Parker was reappointed a representative of the 
Institute on tbe Standards Council, American Standards Asso¬ 
ciation, for the three-year term beginning January 1, 1930, 
and Messrs. H. H. Efenline, H. M. Hobart, and H. S. Osborne 
were reappointed alternates on this body for the calendar 
^ear 1930. 

Upon the recommendation of the Standards Committee, 
approval by the Institute as one of five joint sponsors was given 
to (1) Beport of Sectional Committee on Scientific and Engineer¬ 
ing Symbols and Abbreviations, dealing with navigational and 
topographical symbols, and (2) revision of American Standard 
for Illuminating Engineering Nomenclature and Photometric 
Standajds, reported by the Sectional Committee on Scientific 
and Engineering Symbols and Abbreviations. 

An invitation to send delegates to the Fiftieth Anniversary 
of the Elektrotechnischer Verein e. V., January 24-27, 1930, 
was accepted and the appointment of delegates referred to the 
Eresident. 

It was understood that the next meeting of the Board of 
Directors will be held in Chicago, December 3, during the 
Chicago District Meeting. 

Other matters were discussed^reference to which may be found 
in this and future issues of the Journal. 


A Nejv Eyenmg Course at the University of 
Pennsylvania 

A new evening course in Electrical Engineering, which will 
lead to the degree of Master of Science in Electrical Engineering, 
has been announced by Doctor Harold Pender, Dean of the 
Moore School of Electrical Engineering of the University of 
Pennsylvania. All sessions in the course will be held in the 
Moore School Building, Thirty-third and Walnut streets. 

The course opened during the week of October 21, and any 
studentholdingaBachelorof Artsor a Bachelor of Science degreh 
is eligible, provided he has had the necessary preliminary instruc¬ 
tion in mathematicscand physics during his undergraduate days. 

/ To receive the degree of Master of Science in Electrical Engi¬ 
neering, students must have completed an undergraduate course 
equivalent to that given in the Moore Scl^ool, and must obtain 
credit within a period of four years in all subjects required for 
the Master of Science degree in the regular day course offered 
in the Moore School. ♦ 

rrn- • • 

The courses required* aecordiiig to Dean Pender, will be 
In^oduction to Mathelnatical Physics, Advanced El^tric Cir^. 
cuit Theory, Electron and its Engineering ‘Applications, ** 

Thesis, Fundamentals qf Physical Theories, and either Atomic 
Structure, Electro Dynamics, or High-Frequency Alternfbting 
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Current, qhe student having l!he privilege of selecting any one 
of the latter three. 

Already eleven engineers from nearby industrial plants have 
signified their intention of taking the new evening course, and 
these men, together with others interested in the course, will be 
given an opportunity to discuss its various details with Moore 
School faculty members at-a preliminary meeting for registration 
and consultation to be held in Room 212 of the Moore School 
Building, October 18. ' 

Further information may be obtained from the Of^ce of the 
Dean, Moore School. 

General Lytle Bro>m Appointed Chief of 
Engineers' 

Of interest to almost every engineering organization in the 
United States is the recent selection of a new Chief of Engineers 
to succeed Lieutenant-General Edgar Jadwin who retired August 
7. After careful investigation, lasting over a ihonth, in 
which he reviewed the advice and recommendations of almost 
every shade of opinion interested in the selection of the chief. 
President Hoover appointed Brigadier-General Lytle Brown 
Chief of Engineers, U. S. Army, and the Senate promptly con¬ 
firmed the appointment. * 

General Brown is a graduate of Vanderbilt University, West, 
Point and the General Staff College at Fort Leavenworth. He 
is also a Charter Member of the Society of American Military 
Engineers. 

In accordance with plans which President Hoover had an¬ 
nounced at the same time of General Browii’s appointments, a 
slight reorganization is taking place in the Corps of Engineers. 
Eight geographic divisions have been formed, several of the old 
engineering districts having been regrouped and reassigned. 
The geographic divisions, their chiefs, with headquarters and 
fields of operation are: 

Lower Mississippi V^ey Division, System and flood control 
in the Alluvial Valley, Chief, Brigadier-General T. H. Jackson, 
Vicksburg, Miss. 

Upper Mississippi Valley Division, (tipper Mississippi System, 
including the Missouri, Illinois and Ohicw River) Chief, Lt. Col. 
G. R. Spalding, St. Lcfuis, Mo. ^ 

Great Lakes Division, (harbors and chajmels on the Great 
Lakes; waterway from Great Lakes to the Atlantic) Chief, 
Col. E. M. Markham, Cle^land, Ohio.^ 

North Atlantic Division, r(harbors 'and chann'&ls along the 
North Atlantic Coast, Cafe^Oold Canal, Delaware and Chesa¬ 
peake Canal, harbors and channels in Porto Rico), Chief, Col. 
William J, Btirden, New York City: 

South Atlantic Division, (harbors*'and channels along the 
South Atlantic Coast, intracoastal waterways from Norfolk, 
Va. to Jacksonville, Fla), Chief, Col. H. B. Ferguson, Norfolk, 
Va. 

Gulf of Mexico Division, (harbors and channels along Gulf 
Coast and in Florida, iptracoastal waterways from New Orleans, 
La. to Corpug Christi, Texas), Chief, Lt.-Col. Mark Brooke, 
New Orleans, l^a. ‘ , 

South Pacific IJivisioif, (harbors and channels along California 
coast and in Hawaii, Sacramento River flood control). Chief, 
Lt.-Col. J. Franklin Bell, San PKancisco, Calif. 

North Pacific Division, (harbors and channels along the coast 
of Oregon, Washington and Alaska, Columbia River system), 
Chief, Col. Gustave R. Lukesh, Portland, Orfe. 

Col. Edward H.* Schulz, Corps of Engineers, hais been assigned 
to the command of the Engineer Post and School at Port Hum¬ 
phreys, Va., succeeding Col. E. M. Markham. 

The John JFritz Medal to Doctdr Modjeski 

Rajph Modjeski, a native of Polahd, and son ofthe late Helen 
Modjeska, noted tragedienne, was awarded the 192§ John Fritz 
Gold Medal, at the regular annual meeting of the Board, Sep- 
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tember27,1929| “For notable acbtevement as an engineer of great 
bridges combining the principles of strength and beauty.” 

*The choice of Doctor ModjesM was unanimous with the Board 
of Award, composed of sixteen past-presidents of the four 
national,societies of civil, mining and metallurgical, mechanical, 
and electrical engineers, representing a combined membership of 
nearly 60,000. • 

“In recogmtion of the increasing contr^ution of bridge builders 
to the progress of humanity, and jd appreciation of the distin¬ 
guished s^ientidc and industrial achievements of Doctor Mod jesld 
as one of America’s foremost bridge builders, .this award was 
made.” 

Born in Cracow in 1861, Doctor Modjesld came to*this countary 
with his parents in 1^76. iBEe obtained his engineering education 
a,t the Ecole des Fonts et Chaussees in Paris. As designer, construc¬ 
tion engineer, and consultant^ he has been identihed with many 
of America’s most notable bridges, among them the McKinley 
Bridge over the Mississippi at St. Loifis, Columbia River Bridge 
at Celilo, Oregon, Keokuk Bridge over the Mississippi, Ohio 
River Bridge at Cincinnati, Thames River Bridge at New 
London, Quebec Bridge, Poughl^eepsie Bridge, Philadelphia- 
Camden Bridge, and Manhattan Bridge, New York. 

Members of the Board maldng the award were; Robert Ridg- 
way, George S. Davison, John P. Stevens, and Lincoln Bush, of the 
• American Society of Civil Engineers; J. V. W. Reynders, Samuel 
A. Taylor, E. De Golyer, George Otis Smith, of the American Insti¬ 
tute of Mining and Metallurgical Engineers; D. S. Jacobus, Dex¬ 
ter S. Kimball, Charles M. Scwab, and Alex Dow, of the American 
Society of Mechanical Engineers, and M. I. Pupin, C. C. Chesney, 
Bancroft Gherardi, and R. P. Schuchardt, Past-Presidents of 
the Institute. 


Book Reviews 

Television. By H. Horton Sheldon and Edgar N. Grisewood. 
New York, D. Van Nostrand Company, Inc. 194 pages, 
5 X 85i in., cloth, illustrated, 1929T Price $2.76. 

The authors describe in language easily understood the devel¬ 
opments *and. present limitalbions of this newest branch of the 
electrical communicatign art. Under a broad definition of tele¬ 
vision, which consists of reducing an,r)bj€lbt to a series of light 
signals which are (jpnverted into electric signals, transmitted, 
to a distance, and converted back into light signals, the authors 
include in their work both the transg;iission of pictures and the 
scannmg of •objects. The tran^issien of photographs, or 
telephotography, which is describe^, •has attained a commercial 
status, and this service is now regiilarly supplied by the large 
telegraph companies., Ther various systems of sdknning, which 
are also described, are stih^ in the experimental laboratory stage 
and the future of television, while seeming assured, is still 
problematical. This book, which comes as the first American 
work dh this subject, giyes a historical outline of developments 
and explains the essential* elements of television. It also de¬ 
scribes and illustrates the apparatus used by different inventors 
in this held. The book is addressed particularly to amateurs 
in the belief that widespread amateur jnterest wil^ prove of great 
help in the development of the art. • 


Prooeedincm, International , Congress on Illxtmination, 
1928. Chemical Publishing Company, Easton, Pa. 1468 
pages, 6J^ X5* 9Ji in,, cloth, illustrated. Price $10.00. * 
Apply for copies to Illuminating ^Engineering Society, 
29 West 39th Street, New York, N. Y.* 

The Proceedings of the International Congress on Hligninafion, 
1928, includeg the proceedings of the Seventh Plenary Session of 
the International Commission on Illumination held ^t Sar^iac 
Inn, N. Y., Septdhiber, J.928, and also selected papers presented 
at the Twenty-third Annual Convention of tfie illuminating • 
Engineerings Society. Theme subjects treated at length are 
Street Lighting, Glare Research, Slotor Vehicle Headlighting, 


Distribution of Luminous Flux, Precision Photometry and 
Standards, Heterochromatic Photometry, Natural Lighting, 
Decorative Lighting, Vocabulary, Definitions and Symbols, 
Schdol and Factory Lighting, Illumination Research, Colored 
Sigfnal Glasses^ Diffusing Materials, Motion Pidture Lighting, 
the I. C. I. Tour, general* sessions reports and the results of an 
international survey* on show-window lighting, homo lighting, 
lighting education and aviation lighting practise. In all, the 
volume contains sixty-nine papers and reports by authors 
recogmzed as the leaders in illumination throughout the world. 

The vast amount of authoritative information cdutained in the 
Proceedings will prove an invaluable reference source to those 
who wish to continue research along these lines and also to 
illuminating engineers whose daily activities bring them into 
close touch with many problems in lighting practise. 

The volume is indexed and cross-indexed as to contents and * 
personnel, and is profusely illustrated with line-cut and half-tone* 
engravings and color plates. The scope Gf thie contents and the 
manner in which the most involved subjects are reported serve to 
illustrate the present status and the broad scope of the art and 
Science of illumination. 


Elementary Differential Equations. By Thornton Poy. 
New York, N. Y., D. Van Nostran^ Company, Ipc. 265 
pages, 6 X 9 in., cloth, illustrated, 1929. Price $2.60. 

This text is the outgrowth of several mimeographed editions 
used by the author in the out-of-hour courses at the Bell Tele¬ 
phone Laboratories, and has been written primarily for engineer^ 
ing students. It deals with the solution of ordinary differential 
equations, especially those linear equations commonly en¬ 
countered in the study of physics. In order to help visualize 
abstract mathematical expressions, the fundamental ideas are 
interpreted in geometrical illustrations which will be found very 
helpful. A large number of practical problems is given and, 
being written especially for engineers, subjects of purely mathe¬ 
matical interest have been omitted. * 


Industrial Standardization. Published by the National 
Industrial Conference Board, New York, N. Y. 306 page's, 

6X 8in., cloth. Price $3.60. 

The purposg of this book is ^o* establish a popular understand¬ 
ing of industrial standardization and the extent and manner in 
which it is being advanced. The recent rapid industrial growth 
in the United States is attributed largely to the influence of 
standardization in almost every branch of American business. 
Part I covers the historical background of standardization and 
gives a picture of the issues involved in the adoption of standard 
practises and devices and the procedure followed by companies, 
techmcal societies, trade associations and other standardizing 
bodies. Part II deals with the advantages and business savings 
resulting from standardization. While the full effects of stand¬ 
ardization cannot yet be evaluated, the cumulative evidence 
points to the conclusion that it is an important factor in increas¬ 
ing industrial efficiency and that it suggests unlimited possibili¬ 
ties for future achievements. While the technical literature on 
standardization is extensive, this is perhaps the only work which 
considers the entire subject in a broad, popular, and non-technicaJ 
manner. ' 


m 

Introduction, TO College Physics. By C. M. Kilby. New 
York, N. Y., D. Van Nostrand Company, Inc. 349 pages, 
6% X 8 in., cldlh, iUustrated, 1929. Price $3.00. 

The fundamentals of physics are arranged in a concise and 
accurate manner in this textbook which is designed for use as 
%:stV68^ college course, and the subject is covered in a way 
yhich comprises a good foundation for^jiture study. The con- 
Itents are divided into five major parl^; viz,, meohanies, magnet&m 
and electricity, heat, sound, and light.* The book is liberally 
illustrated with diagrams, and special stress is laid on the solution 
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of problems whieh are given in considerable numbers. Mmy 
complete solutions of problems are given as guides. While it is 
elementary in scope, it offers a very good groundwork for the 
beginner in the study of physics. 

Forty Years with General Electric. By John T. Broderi^. 
Albany, N. Y., Fort Orange Press. 218 pa^s, 5M x 7 in., 
cloth, illustrated, 1929. Price $2.50. 

The book contains a rather sketchy history of the General 
Electric Company, combined with many biographical references 
to the men who have been leaders in the development of the 
organization, ^he author’s long connection with the company 
has enabled him to produce a human interest story of people and 
events with which he has been mtimately associated. The 
author desig^nates as fathers of the General Electric Co., Elihu 
.Thomson, C. A. Coffin and E. W. Rice, Jr. who, surrounded by 
able and brilliant"’col^agues, established business ideals which 
comprise the spirit of a great corporation. Many of the com¬ 
pany’s notable achievements in research are described and 
numerous incidents in connection with the business are nar*^ 
rated in interesting style. 

An Introduction to Crystal Analysis. By Sir WiUiam 
Bragg. New York, N. Y., D. Van Nostrand Company, 
Inc. 168 pages, 5J4 x 9 in., cloth, illustrated, 1929. Price 
$4.25. 

This is an American edition of an English book which describes 
the methods of the crystalline structure of solid 

matter. The development of X-rays for this purpose was the 
outgrowth of experiments to prove that X-rays and light waves 
were of the same nature. The crystalline structure of materials 
is of importance to many sciences and since a method of crystal 
anabicsir has become available great progress has been made in 
this field. The contents mcludes reflection by the crystal lattice, 
description of methods of analysis, simple inorganic crystals, 
space groups or crystal arrangements, some complex crystals, 
and a final chapter demoted to X-ray analysis of the structure of 
metals and alloys. 

I PERSONAL MENTION 

‘ l,.„................. 

Willard A. Laninq, Jr., has been appointed Research 
Graduate Assistant at the Engineering Equipment Station, 
University of Illinois, Urbana, Ill. 

R. Bigland Dickinson, who for four years was with the Duke 
Price Power Company, Limited, in Arvida and Isle Maligne, 
P. Q., has engaged as Assistant Superintendent on construction 
work with the Canadian Comstock Company in Montreal. 

A. Andrew Douglas, for the past three years an instructor 
for the Brooklyn Edison Company Educational Bureau, is now 
at the State University of Iowa, Iowa City, Iowa, taking graduate 
work in electricity and mathematics. 

Clair F. Bowman has resigned his position as Instructor in 
Electrical Engineering at Purdue University to accept the posi¬ 
tion of Assistant Professor in Electrical Engineering at Montana 
^ State College, Bozeman, Mont. 

Justin J. McCarthy, formerly Research of the 

Cleveland Railway, is now connected with the engineers, Parsons, 
Klapp, .Brinckerhofi & Douglas, of CleveEtnd, Ohio, as Signal 
Engineer. 

John E. S. Thorpe, heretofore General Superintendent ojf the^ 
Knoxville Power Company, Cajiderwood, Tennessee, has ac¬ 
cepted the office of Preident of the Nani»hala Power & Iight> 
Company, Bryson City,^N. G. * ^ 

Thomas A. Fawbll has recently severed his connection as 
manufacturers representative of the Martindale Electric Com¬ 


pany and ither manufacturers &id is associated with the Hofiman 
Specialty Company, Inc., with headquarters at 657 Market 
Street, San FAncisco, Calif. 

Clarence L. Collbns, President of the Reliance Electric 
and Engineering Company and Associate of the Institute, has 
been elected President of the National Electrical Manufacturers 
Association for the ensuing year. Mr. Collens received the 
McGraw Award for his/)art in bringing about the organization of 
NEMA three years ago and has been Governor of the Association 
and Vice-President of the Policies Division ever^since its 
inception. 

A. W. B^brbsford, President of the American Engineering 
Council, Past-President of the Associated. Manufacturers of 
Electrical Supplies, Electrical Manufacturers Club, and the 
American Institute of Electrical Engineers, was appointed 
Managing Director of NEMA, effective at once, to succeed Mr. 
Alfred ]B. Waller resigned.^ Mr. Berresford was formerly Vice- 
President and General Manager of the Cutler-Hammer Mfg. Co. 
and Vice-President of what is now the Kelvinator Corporation. 


Obituary 

Henry C. Houck, Manager of the Merchandise Department of 
the General Electric Company, died at his home in Bridgeport, ' 
Conn., on October 16, after a long illness. Educated at Phillips 
Exeter Academy and the University of Pennsylvania, from which 
he was graduated in Electrical Engineering in 1899, he enteredt he 
employ of the General Electric Company in l^e fall of that year. 
In his thirty years of service with the company, Mr. Houck filled 
many important positions at Schenectady, Cleveland, and Cin¬ 
cinnati, as well as at Bndgeport, where he became Manager of the 
Merchandise Department in December, 1925. He was made an 
Associate of the Institute in 1907. 

Bedford Jethro Bro^^, Superintendent of the Meter Depart¬ 
ment of the "Duke Po'^er Colnpany, Charlotte, N. C., died 
October 2,1929. He was a native of Charlotte, and received his 
public school education there. Efe was graduated Vith the 
degree of B. E. in Electrical Engineering Jrom the N. C. A. & M. 
College, Raleigh, N.’^C. in 1901, after which he completed an 
apprentice course in engineering with the Westinghouse Electric 
<& Manufacturing Company. Prom the latter part of 1903 to 
March 1904 he was in theJTesting Department of the Westing- 
house Company and thon bepame a Meter Expert in th© Com¬ 
pany’s Chicago District. was compelled to l^ave this posi¬ 
tion because of iU health, and did not resume his work again until 
1906 when helaccepted a position in-the Meter Testing Depart¬ 
ment of the Southern Power Compan:^,,at Charlotte, N. C. 

Mr. Brown’s work led to extensive travel in the United States, 
notwithstanding the fact that for eleven years he was Superin¬ 
tendent of the Testing Department and Instrument Testing 
Laboratory of the Westinghouse Company. He joined the 
Institute as an Associate in 1910 and became a Member in 1918. 

Charles Sh^ly Lawson**' Assistant Manager of the Trans¬ 
former Bngihersring Department of the Sharon plant of the 
Westinghouse Bkictric .and Manufacturing Co., died at the Buhl 
.Hospital, Saturday, October twelfth, following an operation. 

Mr. Lawson was taken suddenly fil on Monday, rfb the Sharon 
r Country Club links. 

Born on a farm near Montgomery, Ala., February 8, 1879, 
he was graduated from University of Alabama with an M. S. 
degree, and in 1902 he received-a B. S. in Eleotri^ Engineering 
from Massachusetts Institute of Technology. He then took the 
Student Course of the General Blectrio Company andlater became 
asscwiated'With-the Atlanta Water and Power Company. In 
1905 Mr. Lawson, accepted a positiooi as Insulation Engi¬ 
neer in the Transformer Engineerircg Department of the East 
PittsWgh Plant of the Westinghbuse CompanyT and from 
that time his rise was rapid, ultimately becoming assistant mana- 
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ger. He came to Sharon in f&25. He was a Feflow of the 
Institute, which he joined in 1906; was a member of the Sharon 
Rotary and Country Clubs* and the Sharofi Chamber of 
Commerce. 

, N« Gjovindraj, Mains Superintendent, Simla Municipal 
Electricity Depc^rtment, Simla, North India, died September 21 
at Simla, of penunjonia. 

He was a graduate in Electrical JEngfteering from the Victoria 
Jubilee Technical Institute, at Bhmbay, and was the recipient of 
the Lor5 Reay Gold Medal of the Institute. He had served with 
the Tatas at Bombay as an apprentice, and afto a short term of 
service with the Bombay Tramways, he was ap^pinted Mains 
Superintendent of the Simla Municipality in 1920, an office which 
he has filled with highest efficiency. 

Mr. Govindraj was thirty-eight years of age and a native of 
Madras, India. In his early*training he was a student of physics, 
chemistry- and natural science at Madras University, and in his 
preliminary electrical work he was with the maintenance and 
operation departments of a receiving station, inspecting trans¬ 
formers, high-voltage motors and other switching apparatus. 
Heater was made superintendent of erection and maintenance of 
extra high-tension aerial mains and the la 3 dng and maintaining 
of high- and low-tension cables. joined the Institute as an 
Associate in 1922. 

Wallace S* Clarkf form any years head of the Wire and Cable 
Division of the General Electric Company, died suddenly at his 
home in Schenectady, N. Y., on October 11. Mr. Clark was one 
of the pioneers o| the electrical industry, and his service in it 
began in September, 1886, when, shortly after his graduation 
from Sheffield Scientific School with the degree of Ph. B., he 
entered the commercial and engineering offices of the Edison 
Electric Light Company at 66 Fifth Avenue, New York. 

He went to the Schenectady Works of the Edison General 
Electric Company in February, 1887; the company had moved to 
that city the previous fall. He ent^d the Wire and Cable 
Department of the Company in 1891, and in 1903 was made 
superintendent of the we and cable, underground tube and 
varnish departments. In July, 1904, he was made engineer of 
the wire and cable department, and was also in charge of sales for 
the department. With the formation of the central station de¬ 
partment in 1924^ he was made manager of the wire and cable 
division. During the entire period of the participation of the 
United States in the* World War, Mr. Clark served on the war 
service committee of the insulated wire industry. He joined the 
Institute in 1902. ’ • * 

James Thomas Watson of the Westinghouse Electric & 

• Mfg. Co., and ^th resid^ce at Wilkes Barre, died September 17, 
1929. He was bom at Fallston, Harford County, Maryland, 
and after one year in the Waynesboro Business College, 
Waynesboro, Va., and three and a half years at the Fish- 
burne "Military School' (also at Waynesboro,) he became a 
student of the International Correspondence School at Scranton, 
graduating from a course in Electric Power and lighting, and 
further pursuing his study of Electrical Engineering with the 
American School of Correspondence at Chicago. ^ 

From 1897 to 1899 he was Electrician in Charge of the Waynes¬ 
boro Electaic light & Power Qompany, Waynesboro, Va. He 
then became Foreman of Interior Wiring for Charles B. Scott, 
Electrical Contractor at Scranton, Pa., where he remained until 
1900, when he was chosen Chief Forem^ of Electricians by 4ihe 
Delaware and* Hudson Compai\y Scranton, Pa. remaining there 
eight years. The last three years of his period of service he was 
Assistant to the Electrical Engineer. Later in the year 1908 
he became Superintendent of. the Blue Ridge ligjit & Power ^ 
Company, Statftiton, ^a. and then Electrical* Engineer oi the 
Tennessee Copper Company, CopperhiU, Teim. *Mr. Watson.; 
became am Associate,of the Institute in 1910 and was transferred 
to the grade of Member in 1918. 


David L. Huntint^tpn, President of the Washington Water 
Power Company, Spokane, Washington, to which office he rose 
from General Manager and Chief Engineer in 1902, died at his 
home September 27 after a confinement of two years. He was 
born in New.London, Connecticut, received his public school 
education in Washington, D. C. %nd afterward attended Yale 
University. Upon leaving Yale, he joined the Thomson-Hotiston 
Electric Company, Lynn, Mass, and when the General Electric 
Company was organized, he was sent to the Philadelphia District. 
He resigned from this work to become Treasurer of the Washing¬ 
ton Water Power Company, ^ 

Mr. Huntington was prominently identified with electrical 
developments of the Northeast and was an important factor in 
the growth of the Spokane utility movement. His last big 
undertaking was as head of the Washington Water Power Com¬ 
pany in building the Chelan hydroelectric plant in connection 
with which he made several trips to New York, personally 
supervising the purchase of the site, the awarding of contracts 
and t}).e formulation of the financial program. Although taken 
ill before the completion of the work, through the agency of an 
' electric button, he placed this first unit in operation. He joined 
the Institute as an Associate in 1902 and was elected a Fellow in 
1913. In commenting upon his death, the Spokesman Review of 
Spokane said, *‘Mr. Huntington might be said to have antici¬ 
pated the public policy, now the rule rather than the exception 
among public utility corporations of foresight and aggressive¬ 
ness, that service is the yardstick of usefulness.” * 


Addresses Wanted 

A list of members whose mail has been returned by the postal 
authorities is given below, together with the addresses as they 
now appear on the Institute records. Any member knowing the 
present address of any of these members is requested to coxfimuni- 
cate with the Secretary at 33 West 39th St., New York. « 

All members are urged to notify Institute Headquarters 
promptly of any changes in mailing or* business address, thus 
relieving the member of needless annoyance and assuring 4he 
prompt delivery of Institute mail through the accuracy of our 
mailing records, and the elimination of unnecessary expense for 
postage and clerical wo^k: 

C. A. Baer, 1330 Pine St., Philadelphia, Pa. 

J. B. Bakker, 440 Hyde St., San Francisco, Calif. 

Marcel A. Collinot, c/o F. W. V. Rm. 1060, 11 W. 42nd St., 
New York, N. Y. 

H. H. DeCamp, 414 Ella St., Wilkinsburg, Pa. 

F. S. Degener, 1016 Casgrain Ave., Detroit, Mich. 

Ernest Fick, A. T. & T. Co., 412 S. Mwket St., Chicago, HI. 
Henry W. Harbison, R. F. D. 1, Merriam, Kans. 

John Ernest Hardey, Box 1066, Wellington, N. Z. 

H. U. Hedeby, P. 0. Box 414, Sharon, Pa. 

Eric David Howells, Westinghouse Club, Wilkinsburg, Pa. 

Edgar A. James, 912 S. Poplar St., Allentown, Pa. 

E. H. Kirkland, Jr., 6701 Cregier Ave., Chicago, HI. 

•F. A. Klein, 1216 Locust St., Philadelphia, Pa. 

Charles Max, Companhia Electrica, Catumbela,. Angola, W. 
Africa. 

'John T. Mooney, 4647 N. Leavitt St., Chicago, HI. • , 

Julius M. Najman, 1703 15th Ave., South, Birmingham, Ala. 

H. L. Perkins, 129 Marshall St., Petersburg, Va. 

’ W. M. Philip, 433 Morrison St., Niagara Falls, Ont*, Can. 

H. D. Rives, 298 Central Ave., Lynbrook, L. I.;N. Y. 

Carl Schwartz, c/o Int’},. Combustion Enigg. Corp., New York, 

• •N.Y. 

^ Robert H. Singer, 2214 Aubufh Ave., Oincionati, Ohio. 

* Gerhard^ Sv^son, c/o Americar^ Express Co., 65 Broadway, 

New York, N.Y. • 

C. H. Willis, 184 Prospect Ave., Princeton, N. J. 
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I A. I. E* E; Section Activities 


WONDERS OF SOUND TRANSMISSION 
New York Section to hear S. P* Grace of Bell Telephone Laboratories 

On the evening of Friday, November 8th, the New York 
Section members will have the privilege of attending a lecture 
and demonstration by S. P. Grace, Asst. Vice-President of the 
Bell Telephone’Laboratories, Inc. disclosing some of the most 
recent wonders of science in the field of sound transmission. 
Just a glance oVer the modem marvels to be illustrated and 
explained will reveal the electric ear, scrambled speech, delayed 
speech, double-ended short wave high power radio tubes, ampli- 
" fied muscle noises, translation of mechanical impulses into 
- speech, the artificial larynx, and so on down the list of the latest 
work in sound transmission—the results of organized effort to 
extend the range of the human voice. Mr. Grace has shown that 
he can entertain audiences of every type, scientists and lajmen. 
The Program Committee feels that this is an unusual opportunity • 
to spend not only a particularly interesting and instructive 
evening, but it is as sure that all will go away with a fuller reali¬ 
zation of the place of science in American progress. The meet¬ 
ing will be held at 8 p^I m. in the Engineering Auditorium, 33 
West 39th Street, New York, N. Y. 

NEW YORK SECTION TRANSPORTATION COMMUNICATION 
GROUPS HOLD MEETINGS 

The group activities within the New York Section for the year 
1929-30 are now well under way. Of the four groups which have 
been organized to date, the Power Group met on October 30th, 
the Transportation and Communication Groups axe scheduled 
for November 4th and November 13th, respectively. The 
Illumination Group is arranging its first meeting for January 7, 
193C. The general details of the November 4th and 13th meet¬ 
ings, which will be held in the Engineering Societies Building, 
33 West 39th St., New-York, N. Y., follow: 

Transportation Group: Meeting Monday, November 4, 1929 
at 7:30 p. m., Boom 1, 5th Floor, Engineering Societies Building. 
Subject —How Die Electric Railways are Meeting the Demand for 
Modem Transportation, Speaker!: Guy^ C. HecRer, General 
‘"Secretary, A. E. R. A. and B. p. Austin, Control Engineer, 
Westinghouse Elec. & Mfg. Co. The speakers will outline the 
many technical developments of interest to engineers that have 
occurred recently. 

Communication Group; Meeting Wednesday, November 13, 
1929 at f:30 p. m./Boom 2, 5th Floor, Engineering Societies 
Building. Subject —Materials of Communication, Speakers: 

. W. W. Brown, General Electric Co. on Micalex. Its properties 
and Application to- Radio Equipment, I. R, Smith, Westing- 
house Elec & Mfg. Co. on Copper Oxide, Its Use and Performance 
in Rectifiers, W. Fondiller, Bell Telephone Laboratories on 
Developments in Communication Materials, The work done on 
insulating materials and metals, including duralumin, permalloy, 
brasses and bronzes. D. Leyinger, Western Eleetrio Co. on 
Manufacturing Problems in Communication Materials, Problems* 
in introducing some of the newer materials into manufacture. 

rfhere vdU be openr discussion at all group meetings, which • 
^will all be scheduled for 7:30 p. m. sha^ with adjournment at 
9:30 to enable the commuting members to get early trains. 

r - ^ 

FUTURE SECTION MEETINGS 
Akron 

November 8, 1929 at Canton. H^vy Duty Mercury Arc • 
Rectifiers i by O. K. Mai^, Chief •Engineer, American Brown 
Bov&i Electric Corporation. ^ t * 

December 31,1929. Railway Electrification^ by J.*V. B. Duer, 
Electrical Engineer, Pennsylvania Railroad Company. 


Cleveland • * • 

November 21, 1929. Subject: .Social and Economic Results 
of Power and MachinMy. Speaker: C. Ms Ripley, General 
Electric Co. * • 

• 

December 12, 1929, Subject: Anti-Aircraft Artillery. 

Speaker: Major C. M. Barnes, Ordnance Dept., United States 
Army, 

Detroit-Ann Arbor ^ 

November 12, 1929. Hayes Hotel, •Jackson, Michigan. 
Subject: Power*System Planning. Speaker: L. W. W. Morrow, 
Editor, Electrical World, New Yorlf. 

December 10, 1929. 'Bhe Detroit Edison Auditorium. 
Joint meeting with the Detroit Engineering Society. Subject: 
Power House Design. Speaker: Alex Dow, President of the 
Detroit Edison Co. Inspection trip through the New Delray 
Power House in the afternoon. • ^ 

Lynn 

November 6, 1929. Technical Lecture by L, A. Hawkins, 
Executive Engineer of Research Laboratory, General Electric Co. 
Subject: “Today’s Science, Tomorrow’s Engineering.” 

November 20, 1929. Popular Lecture “With AUenby in 
Palestine and Lawrence in Arabia” by the noted lecturer Lowell 
Thomas, Ladies invited. • 

December 4, 1929. Technical Lecture by H. D. Brown 
{Mercury Arc Rectifiersd. 

Pittsburdb 

November 19, 1929. WhaVs Coming in Aviation, W. B. Stout, 
Stout Metal Airplane Company, Division Ford Motor Company. 

December ID, 1929. ^Latest* Developments in Supervisory 
Control, R. J. Wensley, Westinghouse Electric & Mfg. Company, 
Mansfield, Ohio. • • • 

IOWA*SECJION ORGANIZED 

At a meeting held on June 25, 1929, the Board of Directors 
authorized the organization of the Iowa Section. C. L. Sampson, 
Engineer of Transmission, Broteotion, 8j^<f Foreign Wire Rela¬ 
tions of the NorthwesternlBell Telephone Company, t)e8 Moines, 
Iowa, was elected Chairman*aRd*Professor J. K, McNeely, Iowa 
State College, ^mes, Iowa, was chosen as Secretary. 

The Iowa Section includes as its te^itory the entire state of 
Iowa. ® 


MEETING OF EXECUTIVE COMMITTEE OF MIDDLE EASTERN 
DISTRICT . • 

A meeting of the Executive Committee of the Middle Eastern 
District, No. 2, held at ttie Keystone Athletic Club, Pittsburgh, 
Pa., on 0etober*7, was attended by a large majority of the mem¬ 
bers of the CoiAnittee, %nd ten of the twelve Sections in the 
District were repreiented. 

After the completion of the business before the me|ting, there 
was an extended discussion of Section activities and methods by 
^hich they may be made more effective. Sjme of the more 
imiiprtant topics were; the desirahihty of affording to as many 
members as possible opportunities for participating in the activi¬ 
ties; *use of cards to keep records of attendance at meetings; 
developing better speaking ability among the members; methods 
► of making ,s:gecial appeal to enroUed Students of the Institute; 
stimiilation of discussion; policies regarding local membership; 
|jneetings of derttdn technical groups within a Section; the 
types of social meetings which are mpst helpful; Oi^o affairs; 
and publicity. • , 
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PAST SEGTigN MEETINGS « * 

Boston 

Meeting of Executive Board. -Election of Mtpmbgrship, Program 
and Entertainment Committee Chairmen. Voted to hold 
the regular monthly meetings on the first Tuesday of each 
mbnth. The Secretary announced the plans for the October 

• meeting, an inspection trip of the Boston Harbor on the 
City Steamship, Saturday afternoon, Oct. 5. Discussion of 
membership policy for the coming year. Approval of ten¬ 
tative budget for the year. S§pter^ber 19. 

Chidb^o 

Joint meeting with Western Society of Engineers held during 
celebration of Light’s Golden Jubliee. ‘L. A, Ferguson, 
Vice-President, Commonwealth Edison Co., read his speech 
at the conunemoration of the 60th anniversary of the la 3 dng 
of the Atlantic cable made in N. Y. twenty years ago. 
Speech by W. li! Abbott, Chief Operating Engineer, Com¬ 
monwealth Edison Co. on the old days in* Chicago. The 
meeting was preceded by a dinner. September 23. At¬ 
tendance 385. 

Glncinnfiti 

Minutes of annual meeting and Treasurer’s report read and 
approved. Professor A. M. Wilson, head of the Depart¬ 
ment of Eleottical Engineering at the University of Cincin- 
• nati, gave a b^ef analysis of color projection and color 
filters, with demonstrations. September 17. Attendance 76. 


853 

• 

Luncheon at the Altamont. 2:00 p. m. business meeting, 
election of ofiaeers. Paper by A. O. Austin of the Ohio 
Brass Co., •on Power Transmission and High Voltage 
Insulators. Moving pictures at the Service Depot on 
• ‘‘Formation of Coal During the Ages Past.” 6:30 p. m. 
dinner at-Hotel Altamont. Address by Stephen Q. Hayes 
of the Westinghouse Company on ‘‘Electrifying South 
America.” June 1*. Attendance 101. 

Los Angeles 

First meeting of fiscal year. New officers and members of the 
Executive Committee were introduced. H. L. Caldwell 
gave a report of the Swampscott convention. E. R. 
Northmore gave a report of the Pacific Coast Convention. 
Past-President R. F. Schuchardt, H. B. Gear, Asst, to the 
Vice-President, Commonwealth Edison jCo. and 0. C. 
Merrill, Chairman of the Amencan Committee of • the 
World Power Conference, who were passing through Los 
Angeles enroute to the World Engineering Congress at 
Tokio, Jamn, gave a few remarks. Professor R, W.< 
Sorensen, California Institute of Technology talked on the 
subject ‘‘A Western Engineer’s Experience in the East.*’ 
Professor Sorensen also briefly discussed the paper which he 
presented before the meeting of the Society tor the Promo¬ 
tion of Engineering Education, outlining certain phases of 
the work at the California Institute of Technology. The 
meeting was preceded by a dinner at the Engineers’ Club. 
October 8. Attendance 78. 


Denver 

‘‘The Quest of the Unknown,” by* Professor Harold B. Smith, 
President of the Institute, illustrated with lantern slides. 
A dinner preceded the meeting. SeptemlDer 11. At¬ 
tendance 46. 

Talk by F. C, Hanker, Manager Central Station Engineering, 
Westinghouse E. & M. Co., ‘‘Recent Studies in Generation 
and Distribution of Power.” Talk was illustrated and dis¬ 
cussed by Professor W. C. DuVall, Counselor of the Uni- 
'V ersity of Colorado Branch. The meeting was preceded by 
a dinner. October 4. Attendance ^7. 

Detroit-Ann Arbor 

Chairman L. F. Hickemell reported on the Executive Committee 
meeting of the Great L^es District (No. 5) held in Chicago, 
J. J. Shoemaker, Chairman of the Meetings and Papers 
Committee, presented the complgte program of the 1929- 
1930 meetings. Talk by John T. Millen, Director of the 
Detroit Zoological Park, on the subject, ‘‘Wild Animal 
Ex|)eriences.” Anilu^ dinner meeting at the Lee Plaza 
Hotel. • September 17. Attendance 91. 

Erie ♦ • 

Discussion of proposed amendments to Erie Section Constitu¬ 
tion. Talk by H. M. Towne, Engineer in charge of Design 
and Development of Lightning Airesters for General Elec. 
Co. at Pittsfield,*Mass., on ^‘Lightning Problems.” Dinner 
preceded the meeting. Septumbe? 24. Attendance 60. 

* Hoilston 

Hezzie Clark, Humble Pipe Line Co., gave a talk on electrifica¬ 
tion in the petroleum industry. Discussion followed and 
M. E. Moptrose of^fleneral Elec. Co. presented figures in 
reference to the cost of using electricity instead of steam for 
the drilling of wells. Also talks by J. H. Dubendorf, 
Shell Petroleum Co., on electrification of oil refineries ana 
D. A. Keim of thg Westinghouse Co. on the photoelectric 
cell. Discussion followed. September 26. Attendance 63. 

Iowa 

First meeting of this newly authorized Section of the Institute. 
Election of officers as follows: C. L. Samdson, Chairman, 

J. K. McNeely, Secretary-Treas'lner, John M. DrabeUe and 
G. T. Shoemaker, members of the Exe-futive Committee. 
Address by President Harold B. Smith on ‘‘The Quest of the 
Unknown.” September 13- Attendance 44. 

Kansas City 

“The Quest of the Unknown” delivered by Professor Harold b! 
Smith, President of the A. I. E. E. An informal dinner pre¬ 
ceded the meeting at which the executive committees and 
presiding officers of each of the technical societies as well as 
the leading men from the Westinghouse, Geneiwd Electric, 
Westeai Electric, AUis-Chalmers, the large utilities of the 
Middle West, and the Deans of the Engineering Schools in * 
the vicinit 3 ^ were present. September 16.* AtffendancIS 126. 

• Lehiih Valley • • 

Annual meeting. At 10:^0 a. m. inspection tm throng]^ No. 5 * 
Breaker of the Jeado-Highland Coal Co. 12:00 noon 


Louisville * 

General Section matters discussed. W* Stilwejl, Signal 
Engineer of the Louisville and Nashville Railroad Co., 
talked on ‘‘Centralized Traffic Control Developed by the 
General Railway Signal Co.” Four reels of motion pietwes 
taken of the Centralized Traffic Control installed on the 
^io Central Lines were shown. October 8. Attendai^^ce 

Madison 

Proposed new By-laws of Section distributed among members. 
Professor Edward Bennett spoke on ‘‘The Inadequacy of the 
Public Utilities Law of Wisconsin.” Dinner at the Memorial 
Union preceded the meeting. October 9. Attendance 44. 

Mexico • . 

Election of officers as follows: G. Solis Payan, Chairman: E. 
Leonarz, Jr., Secretary; B, F. Lopez, Treasurer. Execu¬ 
tive Committee: F. Aubert, H. Olraedo, G. Obregon, B. M. 
Antipovitch. 

Minnesota 

First meeting of the season. John Lapham of the North 
Central Electric Associatipn ^oke on ‘‘Edison and Light’s 
Golden Jubliee.” Several slides were shown. Two moving 
pictures entitled, .‘‘The Benefactor” and ‘‘The Light of a 
Race” were presented. October 3. Attendance 46. 

Pittsburgh 

Inspection trip to the Bell Telephone Plant. Refreshments were 
served at the conclusion of the inspection. September 18. 
Attendance 275. 

Portland 

“The Quest of the Unknown,” by Professor Harold B. Smith, 
President of the Institute, iUustrated with lantern slides. 
The meeting was preceded by a dinner. At the conclusion of 
the evening meeting a buffet lunch was served. August 26. 
Attendance 95. 

Executive business: Chairman H. H. Cake announced that the 
Executive Committee of the Section made a formal request 
through Vice-President G. E. Quinan of District No. 9 that 
the date of holding the 1930 Pacific Coast Convention be 

, Sept. 2-5, inclusive. H. H. Schoolfield was selected as 
general convention chairman. Mr. Schoolfield reported 
briefly on the success of the Santa Monica Convention. " 
I. H. Summers of the Central Statiqp. Engg. Dept, of the 
General Electric Co., Schenectady, N. Y. gave a rosumd of a« 
paper presented at the Pacific Coast Convention entitled, 
System ^Stability. Buffet lunch followed the meeting. 
September 24. ^ Attendance 69. 

Rochester 

Dr. Phillips Thomas and Dr. C. K. Leo, both of the Westinghouse 
^ E. &.M. Co., East f^ittsburgh. Pa., spoke on “Recent De¬ 
velopments in the Research Departments of the Westing¬ 
house Elec. & Mfg. Co. ^ Meetin^was held jointly with the 
Rochester Eng^eering Society. The meeting was preceded 
by a dinner given to welcome the speakers. October 4. 
Attendance 283. 
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St. Louis 

Past n TiHirman C. P. Potter, osUod the 212 th meetii^ of the 
Section to order and gave a report covering term of 
offtoe. Q. H. Quermann, Chairman for the yeM 19M-1930, 
made a few remarks covering his policies and also his atten¬ 
dance at th© Summer Convention. Chairmen, of the Stand¬ 
ing Committees were announced# Professor Harold B. 
Smith, President of the*Institute then gave an address on 
“The Quest of the Unknown.” Attendance prizes were 
awarded. Sandwiches and coffee were served. September 
17. Attendance 86 . 

Saii Francsisco 

“The Quest of Ihe Unknown,” delivered by President Hardd B. 
Smith. An informal dinner preceded this meeting. PlaM 
for the September meeting were announced. August 29. 
Attendance 145. 

Seattle 

Annual banquet. Reading of the minutes was postponed. 
• J. Hellenthal, Secretary District No. 9 gave a short report 

► ^ of the Pacific Coast Convention at Santa Monica, Calif. 

Sept. 17. Attendance 46. 

Sharon 

P. D. Newbury and R. S. Marthens, both of the Westinghouse 
Elec. & Mfg. Co., Bast Pittsburgh, Pa., spoke on the subject, 
“The Probem or Designing Fabricated D. C. Motors and 
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Gefierators.” Two motion 4 )icture reels preceded the talks. 
October 1. Attendance 124. 

Sprindfleld 

General Section mafters reviewed. Hans Passhurg, Engineer of 
the United Electric Light Co., .Springfield, Mass., spoke on 
the subject “Muscle Shoals.” Mr. Passburg weift into* 
detail regarding the Muscle Shoals development and illus-" 
trated his talk with ipany lantern slidea. September 9. 
Attendance^. 

/ Toledo 

The minutes of the previous meeting were read and approved* 
The Program Committee reported regarding its activities- 
Mr. Paul Gravelle, Results Engineer of the Toledo Edison 
Co., spoke on “Modern Steam Plant Economies.” A large 
drawing of the Acme Station was used to trace out the heat 
cycles in*the turbines, boilers and ‘aiu^aries. Discussion 
followed. September 24. Attendano|28. 

• Toronto 

Ant nia.! Get-Together meeting. Review of general Section 
matters after which the remainder of the evening was of a 
social character with mu^ic, entertainment, and refresh¬ 
ments. September 27. Attendance 73. 

Utah 

“The Quest of the Unknown,” by Professor 'Harold B. Smith, 
President of the A. I. E. E. September 9. Attendanee44. 
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^ STUDENT BRANCH AT UNIVERSITY OF NEW MEXICO 
At its meeting held on May 22, 1929, the Board of Directors 
authorized the formation of a Student Branch at the University 
of New Mexico, Albuquerque, New Mexico. The Branch 
has organized and selected the officers named below: 

P. A. Stortz, Jr., Chairman 
0 • R. D. Jenkins, Vice-Chairman 

W. Irving Abbott, Secretary-Treasurer 
Professor F. M. Denton has been appointed Counselor of the 


The Engineer of Tomorrow, by V. T. Johnson, Student; 
Why I Took Up Engineering, by Nonnan H. Adams, 
Student; Design of Automatic Suhstations%y R. B.,Kellogg, 
Pacific Gas & Electric Co. A brief description of the 
Pacific Coast Convention was given by P. R. Norton. 
September 13. Attendance 70. 

Executive Business. Two papers presented: Descriptions of 
Sound Motion Pictures, by Prank R. Norton; Description 
of an Electrical System of Television, by H. R. Lubcke, 
Television Engineer. ROTreshments served. September 
25. Attendance 45. ° * 


Branch. 


Carnegie Institute ohTechnolo^y • 


STUDENT BRANCH AT SOUTHERN METHODIST UNIVERSITY 
At its meeting held on May 22f 1929, the Board of Directors 
authorized the formation of a Student Branch at the Southern 
•Methodist University, Dallas, Tm^s. Tie branch has organized 
and selected the officers named below: 

Willard Cox, Chairman 
J. V. Melton, Vice-Chairman 
Porter lindsley, Jr., Secretary-Treasurer 
Dean E. fi. Plath haS been appointed Counselor of the Branch. 


PAST BRANCH MEETINGS 
Alabama Polytechnic Institute 
First meeting of the season. Professor Hill, Counselor of the 
Branch, discussed the plans for the convention to be held in 
November. Several annoxmcements of local interest were 
made. September 26. Attendance 20. 

University of Arizona 

Professor J. C. Clark, Counselor and Barney Shehane, Chairman 
, of the Branch, gave reports of the Pacific Coast Convention. 
Septqpiber 20. Attendance 10. 

*Bamey Shehane and Otto Mangum presented papers on Summer 
experiences with the New State Electric Co, and the Miami 
Copper Go. September 27. Attendance 12. 

Bucknell University 

E. C. Metcalf read a paper on Aviomaiic Railway Substations 
which was illustrated. Discussion followed. October^ 7. 
Attendance 22. 

• # 

« Unlveirsity of California ^ 

Ab this meeting was in the form of a banquet there^vas no execu¬ 
tive business discus.sed. Three papers were presented: 


Professors W. R. Work and B. C. Dennison snoke on the benefits 
of Student enrolm^t sj^nd also membdtsnip in the National 
organization. October 1. Attendance 64. 

Clarkson College 

Reports of various committees presented. Professor A. R. 
Powers, Counselor o4 the Branch, g^ve a talk en the plans 
for the coming season.* Cq^ee and cake served after the 
meeting. October 8 . Attendance 20. 

tllemson AdrlculturM College 

Two papers presented as follows: The Making of hn Engineer, by 
G. W. Sackman, Student; Psychology of Getting On, by 
W. C. Snyder, Student. Luncheon served after meeting. 
October 3. Attendance 38. • 

. • 

University of Denver 

A discussion took place *as to the best method of obtaining the 
interest of non-members. •Plans for the coming membership 
campaign w#re discussed. September 30. Attendance 7. 

• University of Detroit 

Talk on “Things We Don’t Think About,” by Raymond J. Abele, 
• Two reels of moving pictured presented on “Hyoro-Electrio 

. Power Production in the New South.” Short talks by new 
officers and some of the faculty members. October 9. 
« Attendance 32. 

Election of officers: Wm. P. Haldeman, Chairman’; R, J. Abele, 
Vice-Chairman; W. R. Moyers, Secretary; R. L. Sailer, 
TreasiAer. September 10. 

• 

^ ^ University of Idaho 

^ The meeting was held for the miroose of^ organizing the year’s 

:• work. TaUc by Professor J. H. Johnson, Counselor of the 
Branch, on the benefits of the Institute. * October 1 . 
Attendance 34. 
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Lafayetfe Golleie * 

Election of of^cers as follows: Earl C. Albert, Chairman; 
Murray GK Clay, Vice-Chairman; •WilMam F. Titus, 
Secretary-Treasurer. September 29. • 

• Lewis Institute 

• • 

Election of of&pers as follows: G. W. Maistrom, Chairman; 
E. R. Borden, Secretary.* Octbber 2. Attendance 13. 

Mississippi A. A. m\ College 

Electio]|^ of of&cers. Professor it. L. Patterson, Counselor, gave 
a t^ on the advantage of Student member^p. October 3. 
Attendance 21. * * 

Moptana State College « 

Papers presented by Messrs. Murray Davidson and Eitaro Btow. 
Discussion followed regarding the electrical show which was 
to be held on October 21. October 9. Attendance 66. 

University of Nebraska 

Student talks given by R. R. Dystfrt, F. V. Peterson and B. R. 
Robinson on their experiences during the past summer. 
Chairman Schneider made a few explanatory remarks re¬ 
garding the ’benefits of Student enrolment. October 9. 

• Attendance 48.^ * 

The Newark College of Enjiineerinii 

Committee members appointed. .Three propositions were ex¬ 
plained concerning a proposed change in the By-laws for the 
transfer from Student to Associate membership. October 7. 
Attendance 31. 

The College of the City of New York 
Election of officers as follows: Robert Fassnacht, Chairman; 
Frank J.Wodicka, Secretary. September 26. Attendance 16. 

University of North Dakota 

Talk by Professor H. F. Rice, Counselor, on the benefits of the 
A. I. E. E. A still film on “Train Radio*’ was shown. 
Doughnuts and cider served. October 3. Attendance 19. 

University of Notre Dame 

Professor J. A. Caparo, Counselor, reviewed the past success 
of the Branch and urged futurf publicity. Smokes and 
refreshments served. September 23. Attendance 60. 

• Ohio •Northern University 

President McGahan welcomed new Students. Professor 
Campbell, Comfeelor, discussed the^value of membership in 
the A. I. E. S. • Dean Needy, fiead of the Engg. Dept, gave 
iUustrations explaining the great engineering age we are 
living in. Smokes and refreshmen bs served. September 26. 
Attendance 57. • ^ 

* * Oklahoma A.^ Mf Gollede 

Professor hJaeter, Head of thb B18c. Engg. Dept., presented a 
paper on The U$e of the Pendulum in the Measurement of 
Mectrical Energy. September 22. Attendance 18. 

. University of Oklahoma 

Professor F. G. Tappan, Counselor, gave a discussion on Light’s 
Golden Jubilee and the banquet which wiU be held on 
October 21, This Branch is providing several attractions 
for the banquet* the most notable being the so-called 
“taBriag electric sto.” This sim was designed and built 
by the Branch. Discussion foflqwed concerning the ad- 
vfl.Titfl.gflq of Institute mendpership and the relation of the 
University of OMahoma Branch to the* Oklahoma City 
Section. Refreshments served. * Qctober 10. Attendance 60. ^ 

University of Pittshnr^ 

Talk by •Professor H. E. ^Dyche, Counselor. October 26. 

Attendance 42. * 

Talk by B. S. ^pClelland on “History of the Westinghouse Elete. 
& Mfg. Co.” October 3. Attendance 81. 

* Rensselaer Polj^rtechnic Institute 

Committee appointments. Several Students gave tj^lks on their 
work ^tiring the past sximmer. Octobers. Attendance 75. 

Rhode Island State College • ^ * 

Talks as follows: “History of Radio,” by George E. Arnold,# 
Studeitf. “Recent •Developments,” by Charles Pagella, 
Student. October 9. Attendance 17. • 


Rose Polytechnic Institut 

Election of .effteers as follows: D. E. Henderson, Chairman; 
J. H. Corp, Secretary; C. A. Lotze and E. A. Johnson 
• members ftogram Committee. September 27. Attendance 
15. 

• 

J. H. Corp reviewed the By-laws relating to Student enrolment. 
D, E. Henderson gave a talk^>n the meeting to be held in 
Chicago in December. Professor C. C. Knipmeyer spoke 
about the Branch and gave suggestions as to now meetings 
should be conducted in the future. October 2. Attendance 
34. 

University of South GarolinaP 

First meeting of the season. Voted to hold three meetings each 
month. Election of Executive Comifiittee members. 
October 4. Attendance 14. 

Three papers presented by students, Short Transmission Linest 
by J. D. Bell; Sketch on Aeronautics, by H. W. Farnam; 
Develo^ent of Communication, by C. A. Riley. October 11. 
Attendance 26. » ^ 

• 

South Dakota School of Mines 

Professor J. 0. Kammennan,Counselor, gave a talk on the activ¬ 
ities of the Institute. Professor E. E. Clark spoke about 
his summer travels. October 3. Attendance 28. 

University of Southern Galifornia 

N. B. Hinson, Chairman of the Los Angeles Section^ spoke re¬ 
garding the By-laws concerning Student enrolment. He 
also spoke on ^e industrial development of Southern 
California. September 25. Attendance 60. # 

Syracuse University 

Election of officers as follows: D. A. MacGregor, Chairman; 
M. J. Wright, Secretary. October 9. Attendance 10. 

University of Tennessee 

Discussion of plans for future meetings, October 11. Atten¬ 


dance 16. 


Texas A* A M* Golle^e 


Discussion of general Branch activities, 
dance 34. 


September 27. Atten- 


University of Ut^ 

Plans for the year were discussed. Counselor J. H. Hamilton 
spoke on the advanta^s of being an enrolled Student. 
A film Rowing the buildmg of the Panama Canal was shown. 
Octobers. Atte^danee'20. 

Virginia Military Institute 

Committee appointed to draw up new set of By-laws. Papers 
presented oy students: Application of Electricity to Modem 
Transportation, by J. T. Brodnax; The Benefits Derived from 
the A.LE. E., by H. B. Blackwood; Why Broohlaigd Adopted 
the Low Voltage A. C. Network, by A.*P. Black. September 
27. Attendance 43. 

Virginia Polytechnic Institute 

Appointment of Executive Committee. Discussion of coming 
student convention in Charlottesville. Talk on Branch 
activities by Professor Cladius Lee, Counselor. October 2. 
Attendance 22. 

West Virginia University 

Election of officers as follows: C. E. Moyers, President, G. H. 
Hollis, Secretary; E. M. Hansford, Treasurer. September# 
23. Attendance 38. ^ • 

Student papers presented as follows: The Diesel Aircraft Motors 
by ’W.*S. McDaniels; Arc Welding in the Shops of the 
Northern Pacific By. Co., by A. F. Feryier; Receni Develops 
ments in Telephone Construction Practises, by G. H. Hollisf 
The Reason for and Meaning of S. A. E. Viscosity Number, 
by W. H. Rose; Hydrogen—The Successor to Air, by B. M. 
Hansford; The Rocf Steam Accumulator, by G. S. Garrett; 

* Economics of Distribution Systems, by G. C. Barnes. Sep¬ 
tember 30. Attendance 38. • 

A fill* on Electrical Measuriiig Instruments was pre^nted. 
October 7. Attendance 40. • 


•• 
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Engineering Societies-Library | 

The Library is a cooperative activity of the American Institute of Electrical Bngineere, the A^ncan Sodety of . 

. CivU Engineers, the American Institute of Mining and Metallurgical Engineers and the American Society of Mechavr 
ical Engineers. It is administered for these Founder Societies by the United Engineering Society, as a pvhhc reference 
library of engineering and the allied, sciences. It contains 160,000 volumes and pcfnphkts and receive currently 
most of the important periodicals in its field. It is housed in the Engineering Societies Building, B9 West Thirty- 
ninii St, New York. • 

If^ order to place the resources of the Library at the disposal of those unable to visit it in person, the Library is 
prepay to furnish lists of references to engineering subjects, copies or iransla^ons of articles, cCnd similar assistance. 

Chargesjsufiusicnt to cover the cost of this work are made. . ^ 

The Library maintains a collection of modern technical hooks which may be rented by members residing^ in North 
America. A rental of five cents a day, plus transportation, is charged. ^ 

The Director of the Library will gladly give information concerning charges for the various kirids of service to 
r those interested. In asking for information, letters should be made as definite as possible, so (hat file investigator may 

understand clearly what is desired. 

The lilfrarvis open from 9 a. m. to 10 p. m. on all week days except holidays throviyhout the year except durinj 
July and August when the hours are 9 a. m. to B p. m. 


BOOK NOTICES* SEPTEMBER 1-30* 1929 

Unless otherwise specified, books in this list have been pre¬ 
sented by the publishers. The Societies do not assume respon¬ 
sibility for any statement made; these are taken from the preface 
or the texW the book. 

All books listed may be consulted in the Engineering Societies 
Lilyary. 

Analyse Dilatombtriqub dbs Matbbiaux. 

By Pierre Chevenard. Paris, Dunod, 1929. 90 pp., illus., 
diagrs., 11 x 9 in., paper. 26,60 fr. 

Professor Chevenard discusses the value of the dilatometrie 
method in the study of thermal changes in metals, describes the 
apparatus and methods that he has evolved at the Imphy steel¬ 
works, and gives some of the interesting results that he has 
obtained in studjdng the quenching of aluminum bronze, the 
graphi^ztftion of cast iron, the firing of refractories, and other 
industrial processes. 

Applied Geophysics in the Search for Minerals, 

By A. S. Eve and D. A. Keys. Cambridge, Eng., University 
Press; N. Y., Macmillkn Co., 1929. 263 pp., illus., diagrs., 

9 X G in., cloth. $4.60. 

A review of the various methods—magnetic, electric^, 
gravitatidnal, seismic, etc.—that have been proposed for geologi¬ 
cal exploration and grospecting. The authors discilss both the 
^theoretical and practical sides of the scheihes of exploration now 
available, in the light of varied personal experience in the field. 
Barrages Conjugites et Bassins de Compensation. 

By Georges Laporte. Paris, Dunod, 1929. 116 pp., diagrs., 

10 X 7 in., paper. 36,50 fr. 

Discusses the effect upon each other of two neighboring power 
developments upon the same river. The author treats of the 
equipment appropriate in these circumstances, the rules for 
using the water that become necessary, and the reserves and com¬ 
pensating reservoirs required to maintain a flow in the river which 
will satiny the owners of its banks. The discussion is illustrated 
by concrete examples taken from the author’s practical 
experience. 

Die Dauerprupung dbrWerkstofpb. 

By 0. Fdppl, E. Becker and G. v. Heydekampf. Berlin, 
Julius Springer, 1929. 124 pp., illus., diagrs., 10 x 7 in., paper. 
9,60 r. m, 

A discussion of apparatus and methods for determining the 
fatigue of metals subj^^cted to vibration. A variety of testing 
machines Is described, their uses explained and methods of 
testing given, together with some results. . 

Fbstbchript Prop. Dr. A. Stodola, 

Edited by E. Honegger. Zurich u. Lpz., Orell Fusseli Verlag, 
1929. 602 pp., illus., diagrs., port., 10 x 7 in., paper. 24.-r. m. 

Professor Stodola’s friends and formesb pupils have commem¬ 
orated his^ seventieth birthday and apprbaomng retirement By 
isBuing this handsome volume. It«contains, in addition to a 
biographical sketch of Stodc/la and a bibliography of his waitings, 
sjxty-three papers by eminenlf en^eers and scientists, upon 
various problems of enginfiering and physios, particularly of the 
steam turbme. The list of contributors is an imposing qn©* 


Field Engineering. • 

By William H. Searles. 20th edition revised and enlarged 4)y 
H. C. Ives. N. Y., John Wiley & Sons, 1929. 2 v. in 1, diagrs., 
tables, 7 X 4 in., fabrikoid. $4.00. 

The first volume of the new edition of this well-known manual 
differs from the last edition chiefly by the addition of a concise 
chapter on highway curves, which makes the book useful to 
highway engineers, as well as railroad engineers. The second 
volume has many changes and additions. Seven-place tables of 
the natural trigonometric functions replace the former five- 
figure tables. Tables of natural secants and coaecants have been 
added. The table of trigonometric formulas has been rearranged 
and extended. 

Handbook opFormula% and Tables for Engineers. 

By Clarence A. Peirce, Walter B. Carver and Charles B. 
O’Rourke. 3rd edition. N. Y., McGraw-Hill Book Co., 1929. 
228pp.,8x6in., fabrikoid. $2.50. 

The aim of tlfe eompileift has been to produce a small book, of 
really convenient size for the pocket, containing the most useful 
tables and formulas. In this edition, ^opie of the more e^ontial 
civil engineering data have been added, enlarging the field of use¬ 
fulness of the book. Several sections hav^ also been enlarged 
and revised. • • 

Hydraulic Laboratory Practice; trans. \evised to 1929, 
of Die Wasserbaulaboratorien Europas, by V. D. I. Edited 
by John R; Freeman. N. Y^, American^Society of Mechani¬ 
cal Engineers, 1929. 868 py., illus., 12 x 9 in., cloth. SIO.OO. 

Some years ago Dr. Johfi Freeman urged iihe German 
Society of Engineers to publish a volume describing the hydraulic 
laboratories of Europe and the principal research work of each 
of them. The result of this suggestion Vas “Die Wasser¬ 
baulaboratorien Europas,” which appealed in 1926, and which 
now appears in English under Dr. Freeman’s editorship. 

The EngHsh edition will be of interest to every hydraulic engi¬ 
neer. To the professor of hydraulics it affords descriptions d? the 
important laboratories of the world, of -their equipment, organi¬ 
zation, management, and of the work which they have carried 
out. The engineer in practice will find many helpful data in the 
text and in the numerous biblio^aphies. No such general 
survey of experiinental activities in this science has hitherto 
^existed. • • * 

The translation o8ntains much more material than the original. 
Appendixes describing other European laboratories, and some 
. American ones, have been added. • Biographies of thff directors 
of the various laboratories have been inserted, as well as several 
nionographs on important general sub jeots. * 

Motor Vehicles and Tractors. 

!By P. M. Heldt. Nyack, N. Y., P. M. Heldt, 1929. 678 pp., 
illus., (fiagrs.* tables, 9x6 in., ©loth. $8.00. 

A textbook on design, covering all the elements of* the auto- 
tnobil^and ti^toij except the engine and electrical equipment. 
The book is intended to replace the former gecon<?voliime of the 
•^jUthor’s “GasWine Automobile” and repeats some of that 
material, but is principally a new work? The book is suited for 
class or home study; uses only simple mathematics and has much 
, practical information. 
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Radiotbchnik, VI; Die ElektrisiBhen Wellen. 

‘ By P. Eaebitz. Ber. u, Lpz., Walter de Gruyter & Co., 1929. 
I25pp., diagrs., 6x 4in., cloth! 1,50r.m. • • 

A brief text on Herzian waves, especially the waves used in 
radio. *.Their characteristics, radiation and reception, diffusion 
n.nd directing are discussed with a minimum of mathematics. 
A simple introduction to the subject for students and operators of 
radio telegraphy. , 

Relais und Schutzschaltungew in •Elektrischen Kraft- 

WB^KBN UND NETZBN. 

Edited by Reinhold Rudenberg. Berlin, ^Julius Springer, 
1929. 281 pp., illus., diagrs., tables, 9 x 6 in., bound. 
25,60 r.m. . • • 

Contains a course of lectures upon protective relays given at 
Berlin diming 1927 ana 1928 by seven prominent angineers, under 
the auspices of the Electrical Engineering Society and the 
Technical High School. Di^usses the importance of relays as 
safety devices, the failures that (jcour in networks and the 
principles of protection; the basic principles of relay action and 
construction, current relay construction, use and testing, the 
protection of generating and transmission equipment, and bases 
for further developments. 

ReNPORCBMENT DE^ SotJDUIlES, CoUVRB-JoiNTS DiSCONTINUS 
SOUDEB. 

By E. Hoehn. Paris et Liege, Oh. B^ranger, 1929. 103 pp., 
diagrs., tables, 9x6 in., paper. 20.-fr. 

A study of the value of welded buttstraps as a reinforcement 
of welded joints in boilers and other pressure vessels. The results 
of tests are given and the distribution of stresses discussed. 
Data are given for use by designers. 


Simplification of Highway Traffic. 

By William, Phelps fcno. Saugatuck, Conn., Eno Founda- ^ 
tion for Highway Traffic Regulation, Inc., 1929. 206 pp., 
illus., diagrs:, 9x7 in., cloth. $5.00; paper, $3.00. 

Mr. Eno has devoted his life to the study of ^ghway traffic 
regulation. Ih the present book, which is to a certain extent a 
revision and rearrangement of material selected from his former 
books, he discusses particularly the selection and use of traffic 
guides, systems of regulation, methods of accelerating traffic 
and increasing safety. Many practical questions are handled on 
the basis of wide experience. Professor C. J. Tilden has pre¬ 
pared an appendix giving an account of Mr. Eno’s activities and 
of the development of traffic regulation since thej* began. 

Steam and Gas Engineering. 

By Thomas E. Butterfield. N. Y., D. Vaif Nostrand Co., 
1929. 48rpp., illus., diagrs., tables, 9x6 in., cloth, $4.60. 

An introductory text for engineers by the Professor of Heat 
Power Engineering at Lehigh University. The entire field of • • 
power production from steam and gas is covered, with emphasis 
upon the natural laws involved and upon tjie various kinds of * 
apparatus used to apply them in practise. Several chapters are 
devoted to descriptions of engines, boilers, gas producers and 
other ftpparatus. Many problems are given. 

•Ubertragungstbchnik. 

By Rudolf Winzheimer. Mun. u. Ber., R. Oldenbourg, 1929. 

233 pp., illus., diagrs., 9 x 6 in., cloth. 12.-r. m. ^ 

A text-book presenting the general principles of the electrical 
transmission of speech, either by telephon® or radio, and intended 
for students of these subjects. The book first discusses the elec¬ 
trical and acoustical principles involved in telephony, the theory 
of telephone lines, amplifiers, networks and telephone cables. 

The specific variations of radio transmission are then discussed. 

A basic knowledge of electrical transmission theory is assumed.* 


Engineering‘Societies Employment Service 


Under joint man<wement of the national societies of Civile Mining^ Mechanical and Electrical Engineers cooperate 
ing with the Western Safety o^Engineers* The service is available only to their mernbership^ and is maintained as a 
cooperative bureau by contribution from the societies and their individual members who are airecdy benefited. 

6ffices:-^31 West 39th Si., New York, N. 7 .,—W V. Brown, Manager. 

• 131ff Ekgineering Bldg., 206 W. Wacker Drive, Chicago, III., A. K. Krauser, Manager. * 

67 Post Si., San Francisco, Calif., N. D. Cook, Manager. 

MEN AILABLE.—^Brigf announcements will be published without charge but will not be repeated except upon 
requests r^eived after an inij^val of one month. Names and records will remain in the actiiie files of the bureau for a 
period of three months and are renewable upon request Notices for. this DepartmerU should he addressed to 
EMPLOYMENT SERVICE, 31 WEST 39thStreet, New York City, andshovldbereceived prior to the 16ih day of 
of the months « 

OPPORTtJNITlES.-^A Bulletin of engineering positions available is published weekly and is available to 

• members of the Societies cmcerfied at a subscription of $3 per quarter, or $10 per annum, payable in advance. Posi¬ 
tions not filled promptly A result of publication in (he Bulletin may be announced herein, as formerly. 

VOLUNTARY CONTRIBUTIONS.—Members obtaining positions through (he medium of Ms service are 
invited to cooperqie with the Societies in the financing of the work by contributions made wiMn thirty days after 
placement, an theiiasis of one and one-half per c^nt of the first yearns salary: temporary positions (of one month or less)* 
three per cent ofHotcd salary received. The income contributed by the members, together with the finances appropriated 
by the four societies named above will it is hoped, be sufficient not only to maintain, out to increase and extend ike service. 

REPLIES TO ANNOUNCEMENTS.—Replies to announcements published herein or in the Bulletin, should 
• be addressed to the key number indicated in each case, with a two cent stamp attached for reforwarding, and forwarded 

* to the Employment Service as above. Replies received by the bureau after the positions to which they refer have been 
filled will not he forwarded. 


POSITIONS OPEN ^ 

ELEOTRIOAIi ENGINEER, Canadian, col¬ 
lege graduate, 25-28. Power transinis8idn« line 
construction experience desirable. Work of 
general nature at Canadian plant of electrical 
manufactured May lead to sale; engineering 
work. Apply by letter giving full information. 
X-9694. ^ 

ELECTRICAL ENGINEER, thoroughly fa¬ 
miliar with the requirements of the paper mill 
industry. Must* be able to design, layout, install 
and supervise entire electrical system, wiring, 
apparatus and equipment pertinent to construc¬ 
tion and operibtlon of modem paper mills. Apply 
by. letter giving full information, such as age, 
technical training,* prevlmis experience, present 
salary, references, etc. Jjocatlon, South. 
X-9626-OS.^ • . . 

VACUUM TUBE ENGINEER, famiUar with 
tube measurement work, quality control of tubes. 


and the tube side of ch*cuit work. Apply by 
letter. Location, New Jereey. X-9671-C. 

L9UD SPEAKER ENGINEER, capable of 
dqins development work dh speakers and making 
speaker performance measurements. Apply by 
•letter only. Location, Now Jersey. X-9672-G. 

ENGINEER, with engftieering and test experi¬ 
ence in paper condenser work. Apply only by 
letter. Location, New Jersey. X-9673-C* 

SWITCHBOARD ENGINEER, capable of 
laying out small switchboards for controilingi 
battery charging motor generator sets, small 
alternators, etc. Man with two or tliree years’ 
experience testing or designing preferred. Must 
be techn^al schogl or college graduate. Apply by 
lett*6r stating training, experience, and salary 
desked? Location, NeTjc^ork Statg. X-9679-0. 

TRANSPORJdER ENGINEER, with two or 
three years’ experience in testing or designing 
transformers. Must be tec^cal school or 


college graduate. Apply by letter stating train¬ 
ing, experience, and salary desired.. Location, 
New York State. X-9680-O. 

RECENT GRADUATE ELECTRICAL EN¬ 
GINEER, for research work, Apply bylqtter, ^ 
Salaiy $30 a week. Location, New England 
X-8464. • 

ELECTRICAL ENGINEER, preferably with 
postgraduate schooling in the electrical branches 
of physics and a few years* experience in industrial 
research or development, for development and • 
research work with a growing firm in varied fields 
embracing control'apparatus and vacuum-tube 
appHcations. Apply by letter. Location, New 
England, X-9387. 

ELEdt'RICAL ftj^GINEER, experienced In 
the manufactwe of vacuum tubes for radio T$ork. 
Apply by letterT Legation, New Jersey. X-9067. 

SALES ENGINEER, 1927-1928, graduate in 
electrical engineering, for commercial side of a 
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maniifacturliig organization; traveling sales work. 
OpDortunity. Apply by letter. Location, Mid¬ 
dle‘VTest. X-7662-0. 

BBOBNT 6BADXJATB. electrical engineer, 
willing to locate in eastern territory near Pliila> 
delpkia, and to enter traveling sales work, handling 
a-c. motors and fans. Must have cleai^-cut 
personality. Apply by letter# Headquarters, 
Middle West. X-3172-0. 

MEN AVAILABLE 

ELBOTBIOAL ENGINEEB, 34, single; 11 
years* experience in development, application, 
and testing of %‘aiiway and industrial control 
equipments including five years heavy traction 
work. Available * upon one month's notice. 
Location, immaterial. 06506. 

ELBOTBIOAL ENGINEEB, 28, single, B. S.. 
1029, graduated with high honors, desires connec- 
* tion with manufacturer of dectrical machinery or 
utility company. Preferably production, manage¬ 
ment, or design. Opportunity for advancement 
considered most important. Two years* test 
floor experience. Location, Eastern States or 
abroad. Excellent knowledge of Busslan. Avail¬ 
able on short notice. C-6526. 

ELBOTBIOAL ENGINEEB, with seven 
years’ eiperience in the electriccJ field including: 
telephone work, developments in instruments and 
measuring methods; also meter, protection and 
apparatus *testing in the field. Desires position 
here or abroad. Available January, 1030. 0-3011. 

SALES ENGINEEB, 28, single, M. I. T., 
1025, B. S. in E. E. degree. One year electric 
locomotive and transmission design.. One year 
assembly and test work with large electrical 
company. Two years industrial and utility sales 
engineer. Desires sales engineer position requir¬ 
ing technical background with a concern affording 
good opportunity. Located at present in New 
York. 0-1416. 

ELBOTBIOAL ENGINEEB, 30, single, CoHege 
graduate,* London. General Electric Oo. and 
British* Thomson Houston Oo. Test courses. 
Seven years* experience in Australia and the 
United States of America, on hydroelectric and 
steam power plants, transmission lines, and sub¬ 
stations. Location optiohM. Short notice. Bef- 
ereaces. 0-6518. 

POWEB OB MEOHANIOAL SUPEBIN- 
TENDENT, 41, experienced steam, gas. air, hy¬ 
draulic, electric power plant construction and 


operation; institutional, Industrial! an^ building 
mechanic^ design and maintenance. Now em* 
pldyed.Middle Northwest. Desires good indus¬ 
trial connection, 30 days' notice. SpeGtalty# 
straightehing out, * revamping and coordinating 
power services. 0-987. 

ELBOTBIOAL ENGINEEB, single. 38. de¬ 
sires position in engineering or sales department. 
Seven years’ experience with one small company 
manufacturing standard and special rotating 
machinery, d-c. and a-c. ratings up to 600 kw. or 
hp. Was successively in charge of testing, 
service, engineering, correspondence and sales. 
Location, immaterial. 0-6643. , • 

ELEOTBIOAL ENGINEER, twelve years’ 
experience electrical design of power-houses, 
substatious, transmission lines, industrial plants, 
in all branches and details of work. Also eight 
years' other electrical, mechanical engineering 
experience Including power plant testing, machin¬ 
ery design. E. E. degree. Age 43, location, 
vicinity New York Olty. Available at once. 
0-6542. 

ELBOTRIOi^ ENGINEER, university grad¬ 
uate, seven years* experience on transmission 
and distribution planning, design of transmission 
lines and substations, construction, operation. 
Utility cadet course. Speaks foreign languages. 
Desires position with utility, export firm or con¬ 
sulting engineers. Now employed. Europe or 
South America considered. B-8043. 

GRADUATE ELECTRICAL ENGINEER, 
E. E., wide experience in construction, operation, 
maintenance, generating, transmission at 100,000 
volts, undergroimd transmission, 6600 and 22,000 
volts, outdoor and indoor substations, mill Instal¬ 
lations. Has sales and managing experience, 
Latin, America, and India. Speaks English, 
Spanish, German, Erench, and Hindustani. 
Location, immaterial. Now employed. 0-4222. 

ELBOTBIOAL ENGINEER, 27, married, five 
years’ experience in powerhouse and substation 
construction, operating, general maintenance, 
specializing in relay and meter work. Desires 
position abroad. 0-6548. * 

HYDROELEOTRIO ENGINEER, 37, esti¬ 
mating engineer for the Big Greek Project, desires 
connection for field work on budgets, estimates, 
appraisals or cost accounting. Has the basic 
construction experience in generation and distri¬ 
bution /lecessary for such analyses. B. S. in 


E. E. from Oalifomia Institute of Technology. 
0-6408. 

ENGINEER, BLBOTRICAL-MBOHANIOAL 
age, 41; married, speaks Portuguese and Spafl- 
ish; with 25 years’ experience on construction 
and maintenance of steam, hydroelectric, and 
electrical plants, seeks' a situation on liie con¬ 
struction. or maintenance of a power station, mine* 
or industrial plant abroad. 0-6553. 

JUNIOR ELBOTBIOAL ENGINEERING 
GRADUATE, 1928. Desires position with pri¬ 
vate professional concern doing consulting and 
construction engineering. Pour yearsb practical 
experience, energetic, ambitious, and willing to 
work hard. 0-6446. 

ELBOTBIOAL "ENGINEERING GRADU¬ 
ATE with two years’ exp^ence in construction 
and maintenance of electric locomotives and mul¬ 
tiple-unit cars, both ar-c. and d-c. Desires posi¬ 
tion in electric railway or subway construction or 
operation. 0-6‘5l3. 

GRADUATE ELBOTBIOAL ENGINEER, 
28, married, nine years’ experience engineering, 
construction and operation of underground and 
overhead transmission and ^distribution systems. 
Last three years as division engineer for large 
metropolitan utility. Desires position in Agi-, 
neering or construction division of a large holding 
company or Industry. Location immaterial. 
B-9408. ^ 

PERSONNEL IMPROVEMENT SYSTEM, 
new and original application of natural laws de¬ 
velop, multiply and indicate the constinctive 
efforts of ambitious employees and likewise mini¬ 
mize negative influence. This system is available 
to organization heads and will be developed to fit 
your specific application without any interference, 
by an engineer of wide experience. 0-1S67. 

ELBOTBIOAL ENGINEER, age 20, five 
years’ varied experience; test floor, application, 
design, construction and maintenance. Now 
In charge of electrical department for mining 
company. Desires position as assistant plant 
engineer or assistant electrical engineer with large 
indfy^trial plant. Good personality and very well 
recommended. B-0001. 

ELEOTBIOAL ENGINEER, 33, married, now 
located Western ‘New York, seven yc«irs sales 
engineering, two years instructor, two years dis¬ 
tribution and central station drafting. Able to 
dfisign*^d sell induction motors. Available on 
30-day notice. B-3853. 
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APl^IGATIONS FOR ELECTION Oarey, P. 0., (Member), Runyon & Oarey, New- Hemphill, L. P.,^^enepsd Electric Oo., Port 
Applications have been received by the Sec- ark, N.J. Wayne, Ind. « 

retary from the following candidates for election Carter, H. B., General Electric Oo„ Port Wayne, Hendeberg, H., Sargent & Lundy, Chicago, ID. 
to membership In the Institute. Unless otherwise Hessler, V. P., Iowa State College, .Ames, Iowa 

indicated, the applicant has appUed for admis- Chase, D. D., General Electric Co., Schenectady. High, T. L., Pacific Electric Mfg. Oorp., Po^land, 
Sion as an Associate. If the appDcant has applied * N.Y. Ore. ^ « , 

far dirAftf. luiTniaB^nTi tft a. MgTifty Aacn - OoldwoU, X. I., Texas Oreosoting Oo., Orange, Hudson, A. B., Board of Education, LouisvlUe. 
date, the grade follows immediately after the • . ^3^* 

name. Any member objecting to th4 dectlon Creedy, P., (Member), Lehigh University, Beth- JoHannsen, B., Pacific Electric Mfg. Oo., San 
of any of these candidates should so inform the lehem, Pa. • PrancHsco, Oalif. 

Sepretarybefore November 30,1929. Danner, R. P., Oklahoma Gas & Electric ^o., Jones, E. O., West Virginia University, Morgan- 

Andersson, A., General Electric Oo., Pittsfield, . Oklahoma City, OWa. tewn,W.Va. 

Mass. Davis, O., Michigan BeU Telephone Oo., Detroit, Jones, J. L., Kentucky Electric Development Oo., 

Ando, K., Texas Power & Light Oo., Dallas, Tex. Mich. Louisville, Ky. 

Barcas, E.J)., Southern <%Jlfomla Telephone Oo., t)avis. P. P„ Intematlofial Tel. & Tel. Oo., New Katz, L. S., •Grove HaU Radio do., Roxbury, 
‘ Los Angdes, Oalif. York, N.Y. . Mass. 

Barter.P. A., Bucfiums Mining Oo., Ltd., Buchans, ^i^iscoU^ J. E., Western Mass. Oo., Springfield, Lukens, A. P., General Electric Oo., Pittsfield, 
Newfoundland Mass. • Mass. 

' Bathe, O. E., Oklahoma Gas & Electric 06., Okla- tCppard, O. M., Union Electric Light & Power Oo., Mdiley, R. D., (Pellow), Cooper .Hewitt Electric 
homaOityiOkla. St. Louis, Mo. • Oo., Hob'bken,N. J. 

Becifc B.. Purdue UniTerslty. W. Lafayette, Balkenberg, B. T., •wrestlnghouse Blec. * Mfg. O.. Northwestern Electric Oo.. Portland. 

Brown, 0. J., Samson Electric Oo., New « . ^*1 • McQulUen, J. V., Westinghouse Blec. & Mfg. Oo., 

York,N.Y. • • Petris, P. S., 649 S. Main Sfi, Akrdi, Ohio Sharon,Pa. • 

Buitfbgo, E. J., Jr., Westln^hbuse Elec. & Mfg. Hague, B., (Member), Brooklyn Polytecboic Jn- McRae, H. T., New Jdteey BeU Telephone Co., 
Oo., Sharon, Pa. • stltuite,]E(looklyn,N.*Y. Newark, N.J.» ^ 

Burkholder, J. O., (Member)* Canadian National Haycock. O. O.. University of xftah. Salt Lake Moreno, V. G., Boeder Telephone Light Oo., 
Telegraphs, Toronto, Ontf., Oan. Olty, Utah Tijuana, B. Osd., Mexico 
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Mullowney, T. F., New York Teleph(^e Go., New 
York.N.Y. 

Murphy, L. K., Brooklyn Edison Go., Inc,, Brook- 
• lyn,N,Y. 

NicolaJsen, B. J., Gibbs & HiU, New York, N. Y. 

Odarenko, T. M., New York Telephone Go,, New 
York,N.Y. 

*01denburg, P, E., Duquesne Light Go., Pitts¬ 
burgh. Pa. • • • 

Parker, L. P., British Golumbla Electric Ba4j^way 
Go., Vancouver, B. G., Gan. • • 

Petersen, P. G., New York Edison Go.,*New York, 
.N.Yf 

Plrkey, J. W., (Member), Arcturus Badio Tube 
Go., Newark. N. J. 

Prince, B. W., (Member). Ghesapeake & Potomac 
Telephone Go., W|ishington, D. G. 

Pringle, W. A., General Electric Go., Port Wayne, 
Ind, 

Bankin, L. B., Garnegle Steel Go., Farrell. Pa. 

Bhael, B. J., Bell Telephone LsSboratories, Inc., 
New York, N.Y. ^ 

Boloson, G. B., (Member), Galifomia School of 
Me c ha n ical Arts, San Francisco, Gallf. 

Bose, H. B„ 65 Hanson Place, Brooklyn, N. Y. 

Budolph, W. J„ (Member), Electrical Testing 
* Laboratories. New York, N. Y. 

Bussell, O.. Jr.,-University of New Mexico, Albu¬ 
querque, N, M. 

Shoch, W. N.. Philadelphia Electric Go., Phila¬ 
delphia, Pa. 

Shoflner, J. B., Markle-BuUers Goal Go., Inc., 
Dora, Pa.; G. E. Binggold Goal Go., Inc,; 
G. E. Eatukas Goal Go., Inc., Timblin, Pa. 


Smith, B.^. tt.. New Jersey Bell Telephone Go., 
Newark, N. J. 

Snow, B. H., **Electrical West,” Portland, .Ore. 

^Stanftm. J. M., Electrical Besearch Products, 

• Inc., Seattle, Wash. 

Stickley, G. W., Aluminum Go. of America^ Mas- 
sena, N. Y. ’ 

Taylor, J. A.. Tallassee Power Go., Badln, N. G. 

Tledemann, D. P., Purdue University, Lafayette, 
Ind. 

Tiernan, T. F., National District Telegraph Go.; 
New York. N.Y. 

Underhill, J. E., British Golumbla Electric Ball- 
, way Go,, Ltd., Vancouver, B. G., Gan. 

Watchom, G. W., Pennsylvania Water & Power 
Go^ Baltimore, Md. 

Wilhelm, H. T., Bell Telephone Laboratories, Inc., 
NewYprk, N.Y. 

Young, B.^G., Kuhlman Electric Go.* Bay Glty, 
Mich. 

Total 68 

Foreidn 

Bateman, W. T., (Member), Ferguson, Pallin 
Ltd., Manchester, England 

Burton, W., Shropshire, Worceitei’shlre & Staf¬ 
fordshire Electric Poyer Go., Halesowen, Eng. 

Dean, G. H., (Member), Allen West & Electric 
Gontrol, Ltd., Brighton, Sussex, Eng. 

Edmondson, P. G., (Member), Glty of Perth Elec¬ 
tricity & Gas Dept., Perth, Western 
Australia 

Phatak, B. E., Tata Hydro-Electric Supply Go., 
Bombay, India 

Totals 

STUDENTS ENROLLED 


Skonberg, E. A., (Member), Electric Motor Be- Brown, George H., University of Wisconsin 

pair Go., Springileld, Mass. Burnett, Garlos E., Southern Methodist University 


Bush, Arthur E., University of Detroit 
Byrne, Howard E., University of Detroit 
Gox, Willard J., Southern Methodist University 
Frauman, Issie, Southern Methodist University 
Griffith, Arthur P., Lehigh University 
Griffith, David P., Lehigh Unlvqpsity 
He^ey, Francis B., University of Nevada 
Johnson, Henry Drexel Institute 
Erumm, Harold F., Engineering School of Mil¬ 
waukee 

Larose, Victor A., Engineering School of Mil¬ 
waukee 

Llndsley, Bobert P. Jr,. Southern Methodist Uni¬ 
versity * 

Lyon, Stern A., Northeastern University 
Melton, J. V., Southern Methodist University 
Nash, Floyd M., University of Galifornia 
O’Donnell, James T., Northeastern University 
Robertson, George M., University of Southern 
Oallf. • • 

Rogers, James H., Southern Methodist University • 
Rosen, Sidney, Univ^sity*of Southern Galifornia 
Better, GyrU F., Engineering School of MUwaukee 
Sailer, Roman L., University of Deti'oit 
Santos, Bartolome, University of Detroit • 

Schley, Woodruff H., Southern Methodist Uni¬ 
versity 

Sinclair, Donald B., Mass. Institute of Technology 
Stortz, Prank A. Jr., University of New Mexico 
Swart, Berry G.. Middgan GoUege o# Mining St 
Technology 

Talbot, Thomas, Southern Methodist Univei;|ity 
Taylor, Wesley, D., University of Minnesota 
Tsang, Isaac H., Engineering School of Milwaukee 
Tucker, D. J., Southern Methodist University * 

Total 31 
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DIGEST OF CURRENT INDUSTRIAL NEWS 


NEW CATALOGUES AND OTHER PUBLICATIONS 

Mailed to interested readers by issuing companies 
Motors. —^Bulletin 508, 12 pp. Describes “explosion-proof,” 
self-ventilated, squirrel-oage motors for use in explosive atmo¬ 
spheres. The Louis Allis Company, Milwaukee, Wis. 

Theatre C^olini Equipment. —Bulletin, 16 pp. Describes 
conventional theater cooling systems and illustrates theaters in 
which such installations have been made. The Ideal Electric & 
Manufacturing Co., Mansfield, Ohio. 

Gas Electric Drive For Autos.“-rBulletin GEA-149C, 

* 12 pp. Describes the G-B gas electric drive for buses and other 
• vehicles. Genera^Electric Company, Schenectady, N. Y. 

Electroplatinil Generators. —^Bulletin, 16 pp. Describes 
Columbia generators for electroplating, electrotyping and 
electrochemical processes. Columbia Electric Manufacturing 
Co., 1292 East 53rd Street, Cleveland, 0. 

Electric Heat In Industry. —^Bulletin GEA-261A, 48 pp. 
Illustrates the application of electric heat to groups of basic 
operations commonlg found in industrial plants. General 
Electric Company, Scienectady, N. Y. 

^Ball Bearings. —“The Gurney Ball Bearing Manual,” 
202 pp. A comprehensive treatment of the subject describing 
pumerous types of bearings and their proper applications. 
Prices are included. Marlin-RockweU Corporation, Jamestown, 
N.Y. 

Silver Solder.— Bulletin, 20 pp., on “The Proper Selection 
and Use of Silver Solder.” According to the manufacturer there 
are many uses of silver solder in electrical manufacturing, and 
silvej compositions that have been especially developed and per¬ 
fected for the electrical industry are described in the bulletin. 
Handy & Hannan, 67 William Street, New York. 

NOTIES OF THE INDUSTRY 
«Champion Switch Company Appointments. —R. J. 
Stewart, formerly with the West Penn Power Company, is now 
head of the inspection department, and J. A. Dudley, formerly 
of the Chrysler Corporation, has*been appointed to take charge 
of production for the Champion Switch Company, Kenova, 
West Virginia. 

The Warner Electric Manufacturing Corporation, St. 
Louis* announces the removal of two branch sales offices. The 
Milwaukee sales office and service station has been moved from 
601 Broadway to 526-27 Broadway. The St. Louis sales office 
has been removed from 605 Shell Building to 909 Plaza Olive 
Building. Those removals were necessitated by the increased 
business requiring more space. 

Increased Orders for G»E. —Orders received by the General 
Electric Company for the three months ended September 30th 
amounted to $116,688,014, compared with *$90,328,666 for the 
corresponding quarter of 1928, an increase of 29 per cent, 
President Gerard Swope has announced. For the nine months 
ended September 30th orders received amounted to $337,404,470, 
compared with $260,686,463 for the first nine months of last year, 
also an increase of 2^per cent. • 

A New Oil Purifier. —The largest portable combination 
centrifuge and filter press on the market is now being offered 
ft through the Westinghouse Electric and Manufacturing Com¬ 
pany. It is the Sharpies combination portable super-centrifuge 
and filter press, and is made by the Sharpies Specialty Company. 
A Sharpies super-centrifuge is combined with Westinghouse 
filter press equipment ajid moun^d on a truck. The following 
advantages are claimed^fer it: Thoroughly cleans 1200 gallons o$ 
oil per hour continuously.* Purification is oompleffe in one** 
operation. Operation is simple and dean. Practically no oil is 
lost in handling. Conslruction is sturdy and simple. Mainte¬ 
nance is remarkably low; Occupies very little fldor spacer- 
only a space 64 inchej by 106 inches. Can be easily moved from 
place b>pIAoe. * 


Great Northern Electrification. —Increased 'passenge’r 
travel following the opening of the Great ivlorthern’s 8-mile 
tunnel under the Cascades is reflected by th6 purchase from the 
General Electric Company of four additional 3000-horsepower 
electric locomotives for use on passenger trains on the dectrified 
division. The new locomotives. will cost about $250,000 each. 
With the completion of the 8-mile Cascade tunnel last January, 
the railway’? entire route through the Cascades was changed from 
steam to electrical operation. The savipg in time afforded by 
these and oth^r improvements enabled the Great Northern* to 
cut nearly seven horns from the- time of its transcontinental 
trains. The new locomotives will be the same type as those now 
handling the railway’s passenger trains. They weigh approxi¬ 
mately 530,000 pounds each and are 76 feet long. They are 
built so they can be operated in multiples, each unit being capable 
of handling a 1000-ton train on any of the grades. Each loc«rmo- 
tive has six traction motors which deliver power to six axles. 
The driving wheels are nearly 5 feet in diameter.. 

New Hi^h-Capacity Oil Breakers. —The Pacific Electric 
Manufacturing Corporation, San Francisco, announces the 
addition of two more sizes to their “JC” type oil circuit breakers, 
now available in voltages from 11,000 to 37,000. The JC-17 
breaker is rated to interrupt 100,000 kv-a. at 15 kv. and has 
exceeded this rating in actual test. Types JC-22 and 26 have a 
rating of 125,000 kv-a. at 25 kv. and 37 kv. respectively. Fea¬ 
tures of this type of^oil circuit breaker include: One cast top 
member for all three phases, with individual tanks per phase. 
All operating parts are fastened to the one piece top member and 
assembled at the factory and shipped without disturbing the 
factory adjustment. TJhe rotating unit that carries the contacts 
is composed Sf Bakelit?i insuring positive mechanical strength 
and a wide safety factor in dielectrio strength. Ample oil 
capacity with high operating speSd* gives these brekkers an 
interrupting capacity greater than other breakers of comparable 
size. These breakers ma^ be motor or solenoid operated. 
Either type of control can be mounted on tfie end or side of the 
breaker without the use of additional parts, and the^ two 
styles of control are interchangeable as far as mountings are 
concerned. • ^ ^ r, 

Electrical Equipment rfo? Ford. — k turbine generator 
rated at 110,000 kilowatts, is to be installed by the Ford 
Motor Company in the power gen^ating station of its Riyer 
Rouge plant at Fordson, Michigan. Tkis machine, far exceeding 
the rating of any existing prime mover used for industrial pur¬ 
poses, and involving many novel and unusual features of design, 
will be used in the manufacture of !^ord automobilesf This 
apparatus, now being built at the Schenectady Works of the 
General Electric Company, represents interesting departures in 
design and construction. It Jls a vertical compound unit and is 
the first large ^machine tq be made to this design. The high- 
pressure turbine ^nd gefierator will be mounted directly on top 
of the low-pressure turbine and generator, resulting in the most 
compact unit yet proposed. Bach element has ar^ capacity of 
^ 56,000 kilowatts. Steam will be used at a pressure of 1200 
pounds exclusively. One of the important features of the de¬ 
sign—of particular valpe in the Ford plant, where floor space is 
at a^premium—^is the small amount of space which will be taken 
up by the new unit. The general dimensions include a length 
of 57 feet 6 inches, a maximum width of 23 feet and a little less 
thaj 21 fegt oyeraJl height from the floor. The approximate 
weight is 2,QOOjOOO pounds. The spac^ to bG occupied is less 
than a quarter of a cubic foot per kilowatt of output. 

The Ford Motor Company has alSo ordered one'500 hp. and 
one 300 hp.,oil-electric locomotive from the Ingersoll-Rand Com- 
jpany for the River. Rouge* Plant. These locomotives wiU be 
furnished* with General Electric equipment and will be*" built at 
their Brie Works. * r. . r 
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A Message From the President. 


H .wr>] CDri@tma0 and a ‘Wew fear to 


FRIENDSHIP AND GOOD WILL 


number of the Journal goes to the membership of the Institute with the 
H' rip'M approach of the Christmas Season and it. is appropriate to emphasize the 
Ife I 0 elemeftt of friendship and good will always involved in our activities. On 
behalf of all Institute officers, it is a happy privilege to extend to ^e entire 
firM'Mm membership the most cordial of holiday greetings and good wishes for a 
Merry Christmas and a Happy New Year. 

It requires little thought to realize the countless opportunities, in our common work 
for»the Institute, for those who appreciate such friendship and good will. Those who value 
this feature as among the greatest of their possessions make the most of these opportunities. 
It is not easy to estimate the loss experienced by those who maintain isolation from these 
influences. In particular. Section, District, and National Meetings offer personal contact 
and opportunity for all those influences which are always felt and especially so at this 
season of the year. Based upon a common professional interest in Electrical Engineering, 
the addition of broacUhuman sympathies applied throughout the year cements friendships 
of enduring chSractef,—“A man is known by his friends.” 

The tare privilege of visiting and meeting the membership of twenty-three sections of the 
Instate during the past four months and the inspiring hope of meeting the membership 
of thirty or forty o^her.sections and branches during the next eight months has given great 

♦ • emphasis to this thought. ‘When these pere- 

• grinations are completed, *it is hoped to use 

one of these pages to record jnore of the result¬ 
ing reactions. 

Now, at this Christmas Season, let us draw 
about the blazing old time hearth of cheer and 
comfort to gather in to ourselves all that these 
: days have to offer to each and every member 

li of the Institute. Throw aside, at least for the 

ij moment, all of care or sorrow or pressing re- 

' sponsibility either of professional or personal 
character in the realization of a great brother¬ 
hood united in a common cause even greater 
and finer than that of its purely professional 
aspect. 






km 




• May we hope that these blazing logs will 
radiate a cheerful, helpful thought and good 
wish to each member of the Institute at what¬ 
ever distance. 

• 

• ♦ * President 
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Some Leaders 

of the A. I. E. E.. 

William B. Jackson, Rate Engineer of The New York 
Edison Company and a member of the Institute since 
1897 (Life Member), was jts Manager from 1*912 to 1915 
and a'Vice-President from 1918 to 1919. Coincidently, 
he a Manager and Vice-President of the American 
Society of Me^anical Engineers, 1915; also President 
of the West^ Society of Engineers in 1915. His 
papers before the Institute and Western Society of 
Engine^s on "Advamtages of Unified Electric Systefuns 
Covering Large Territories, and Hydraulic Developments 
^ fis Related to Electric InstallcUions were in early pres- 
, entation of the lines along which electric and power 


uuuriitu A-i t, jij. 


<» ft 


^^He was bom at Kennett Square, Peimsylvania, 
, June 23, 1870; and was graduated from the Pennsyl- 
v^a State College in Mechanical Engineering in 1890 
with the d^i^ of B. S., later, in consideration of his 
work in electrical construction and operation, receivinc 
the degree of M. E. * 

:|;p 1894 he went with The United Electric Light & 
Power Company in New York City, but shortly there- 
afto entered ihe Test Departmmit of the Stanley Elec¬ 
tric Manufacturing Company at Pittsfield, 

He later became Assistant to Mr. C. C. Chesney, Chief 
Engineer, taking part in developing the equipment and 
designs for the first large transmission S 3 ^tems in 
California, undataken by his company. In 1895 he 
wasn-ppointed his company’s engineer for the North- 
Wtet, this service including the supervision of the con- 
stniction and the starting of the 12,000-volt, two-phase 
transmission from Lowell to Grand Rapids, Mich., 
which was the first transmission of such high voltage 
east of the Rocky Mountains, and the distribution 
'System. He later took temporary cha^e of this hydro¬ 
electric property, during which time he developed 
effwtive means for making all transmission line repairs 
while alive,—something new in the art for such higti 
voltagesr—to obviate the necessity of shutting down 
his Grand Rapids service for such repairs. 

After returning to the Stanley Company, he super- 
vis^ the installation and starting of engine genwators 
on Steten Mand for his company in 1897, and then 
remained with the Staten Island Electric Company as 
^eral Superintendent and Chief Engineer and 
Coi^lting Engineer of the Staten TaTan d Electric 
, Railway Company. During this period, he recon- 
stocted^e ^tenj^for supply from a single generating 
-station and changed it from sin^e-phase 133-cycle to 
two-phase 60-cycle operation. • ^ 

™ ^ became General Superintwideat and Chief 
Engmew of the Colorado Electric Power Company, 
fran^tb^ ^CTgy from its steam station in Canyon 
City to Cnpple Creek District |or various mine and ore 

^iKtionoperatiom. 'Here again it was not practicable 

to shut doTO the ^gle trdhsmission line, so that it was 
necessary for him to develop means for repairing his 


22,000-Volt line while alive. The mine operators 
gradually became so impressed with the reliability of the 
service and ^tir the possibilities of electric hoists,’ 
(which were also ’new in suoh work), that it became 
difficult to supply the demand. Due to the novel kinds . 
of service, it was necessary, for him to work out' 
appropriate methods)*of charging for • 
Returning from this w6rk to the Stanley Electric 
Manufacturing Company, he again took up problems 
of plant operation and development, including a com¬ 
prehensive layout of hydroelectric development for the 
State of South Carolina, such as is npi^ in progress in 
that territoryi He also spent about six months in 
Europe for his company, studying European methods, 
mcluding the electrification of railways. 

After returning from Europe in 1903, he decided to 
form, with his brother Dugald C. Jackson, the Consult- 
•ing Engineering firm of D. C. and Wm. B. Jacksosi. 
This firm soon opened offices in Chicago and Boston and 
was occupied with general engineering advisory work, 
design of electric plants and ssrstems, and inventory 
and valuation of electrical properties until our country 
ent^d the World War, and both brothers entered the 
military service. Entering the Construction Division 
as Major in the United States Army in 1918, and. taking 
(mrge of all operations and maintenance of electric, 
lighting and power, refrigeration, buildings and grounds, 
roads, sewage and sewage disposal, water supply, 
heating, fire protection, etc., at Camp Merritt, N. J., 
the Chief embarkation camp of the Port of New York,’ 
Mr. W. B. Jackson later adfled to these the duties of 
Constructing Quartermaster. • . 

Upon leaving the (jovemment Service in 1918, he 
spent severd years in conplting engineering work while 
operating his farm in Massachusetts, aiyi was,-then em¬ 
ployed by John W. Lieb, Vice-President and Gendtal 
Manager of The New Jcrk'EdisomCbmpanx, to work 
oiR en^eering and rate problems. He has remaned 
with toat Company as Rate Engineer and in advisory 
capacity with Its affiliated electric conjpanies. He had 
general charge of the recent Inventory and Valuation of 
The N^w York Edison Company's entire property 
As Lieutenant-Colonel of the Engineer Reserve 
Corps, he has charge of matters'rearing to the U. S. 
Reserve Co^s, Military Training Camps, and the 
Corps Aim Engineer, for The New York Edison Com- 

^ pany and its affiliated ^ectric companies. 

Bfe is a membSr of the American Society of Mechani- 
• the American Society of Civil Engineers 

Western Society of Engineers, the Society of 
.^encan Mffitary Engineers, the ReServe Officera’ 
As^mafaon, the .^rican Legion, the Academy of 
Political ^d Social Science, and other important 
engmeermg, civilian, and military organizations He is 
a meinber of the Engineer’s Club of New York, the 
-'.pmv^ity Club of White Plains, «nd the Pittsfield 
Coun^ Club. He also finds qjuch pleasm^ in his 
farm in the Berkshire Hills.* • 









A ‘ Recording Torqiie Indicator 

That Records the Torsional Effort of Motors 
•During Acceleration 


BY G. R. ANDERSONi 

Member, A. I. B. B. 


Synopsis.— The measurement of k)rqu^under unstable conditions 
of speed is usually extremely difficult and inaccurate when a 
aynarrwmeter, prony brake, or similar torque measuring equipment 
ts us^. The device described in this paper was developed pnmarily 
to obtain torque measurements under unstable conditisns as well as 


under stable conditidns, and to obtain a permanent record of these 
measurements. It has been particularly successful in recording 
speedrtorque curves of motors during acceleration and it can also be 
applied very effectively to other fields, 

♦ 4 ! « * « 


Introduction 

I t is a relatively simple matter to measme, witib a fair 
degree of accuracy, the speed and torque of an 
induction niotor for any load between no-load and 
th# pull-out poinb of the motor if the speed is steady. 
The static torque of the motor is also easily measured, 
but between these points where the speed is usually 
unstable, it is much more difficult to obtain satisfactory 



capable of transmitting the torque of the motor and' 
giving an angular deflection proportioiml to the torque,' 
and an electromagnetic circuit of two elements that 
^are di^laced from each other by an an^e equal to the 
deflection of the spring. A recording electrically- 
operated position finder is connected to the device to 
record tiie amount of angular deflection, which is pro¬ 
portional to the torque. 

The helical torsion spring is accurately finished and is 
mounted so as to eliminate any distortion due to 
centrifugal forces. The spring is equipped with ^ 
damping sleeve that prevents fluctuations due to the 


Tobqub Indicator Set-up for Measuring Starting 
Torque op Indijction Motor 

• • 

measurement. With the‘development of line-start 
motors, condenser motors, etc., it is becoming increas¬ 
ingly more impdrtaift to know exactly the torque 
characteristics that the motor will develop. Dips in 
torqije due to harmonics or other causes may be present 
in sufficient magnitude to seriously hinder the motor in 
accelerating its load. A device that will quickly and 
accurately record this torque ghould therefore find many 
uses in analyzing and improving motor cfiaracteristics. 
Such a device is described in this p*aper. • 

Dbsceiptiqn op TpRsroNAL Indicator 
Fig. 1 illustrates the torsional indicator set up to 
speed and tor^e curves on a Squirrel-cage induction 
motor. The device consists of (1) a helical spring 



1. Developinont Enginoer, Fairbankn, Morse ^ (<o., Beloit, 
Wisconsin. * 

PresenXed at t}\f Qrent Lakes District Meeting of thtfA. I, B. E., 
Chicago, lU., Dec, S-4, 0)20. Printed complete kcrein. 


natural period of vibration of the spring and elements, 
from being recorded on the chart. Full-scale deflection 
on the meter is obtained with a spring deflection of 60 
degrees. Several sizes of springs can be interchange- " 
ably mounted to take care of various ranges of*torque. * 
The electromagnetic elements are mounted on two 
concentric cores, ^ne of which revolves with the motor , 
and the other with the load. The first elemait con¬ 
sists of a three-phasq winding arranged symmetrically 
* ou^de of the second element. This is shown dia- 
.•grammatically in Fig. 2.* This flu^phase winding is 
805 ■ • . 


28-167 . 
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excited through slip-rinp from an external three-phase 
source of power. The, second 'element contains a 
winding which is connected by another set of slip rings 
to the position finder as shown. The moving coils of 
the position'finder are connected to the eartemal source 
of power. When the fiifit element is turned with respect 
to the second, the phase angle of the voltagegeneratedin 
the second, is changed and this causes'a deflection of the 
position indicator proportional to the torque. A tacho¬ 
meter generator and recording meter are used to measure 
the speed. The charts for recording both the torque and 
the speed are mounted on the same shaft in order to 
provide s 3 mchronized readings. Gear combinations in 
^ the tachoiheter generator allow different full-scale 
'values of speed, on the chart. It is obvious that the 
metCT circuit can bt so designed that the needle deflec¬ 
tion is closely proportional to the angular deflectton in 
the electromagnetic circuit of the device, thereby 
allowing the use of standard chart paper. 

The deviiSe is similar in action to a d-c. meter 



tNOMAT^ iteAMm 

Fig. 3—Calibbation Ctjrvb op iToRQUB Indicator 

. —1800 R8v. per min, 

X —1200 Rev. per min. 

0 — 600 Rev, per min. 

□ — 0 Rev. per min. 

in that it records average values and is well 
damped. It will not record very rapid fluctuations of 
torque but it does produce fairly accurate quantitative 
measurementsf. 


• « Methods ,0F Loading 

Since this device indicates transmitted torque and 
speed simultaneously and records these values on'a 
chart, it is obvious that any suitable method of loading 
can be applied. In the case of taking speed-anif torque 
curves oh motors during acceleration it'has been found 
that a simple fl3rwhe9i load is most satisfactory. Under 
these conditions, the entire torque output of the motor 
is utilized to accelerate an inertia load, neglecting 
friction, and the rate of acceleration is proportional to 
the torque transmitted at that,speed.. The rate of 
acceleration can be readily determine from the speed¬ 
time chart. • The torque indicated on tiie chart is the 
torque transmitted through the spring, and is equal to 
the torque developed by the motor less that required tb 
accelerate its rotor. Thus the indicated torque during 
acceleration will be slightly less thau that shown at 
stable speeds and will be proportional,at all speeds to the 
ratio of the WiZ® of the fl 3 rwheel and device to the 
WBr of the entire rotating mass. By calculating the 
WE? of the rotor and determining the rate of accelera-. 
tion from the chart, the ratio of developed torque to 
transmitted torque can be found. It is obvious that 
this ratio will hold constant for all conditions of accelera¬ 
tion of a simple fl 3 ^heel load. *■ 

In practise the torque available for bringing a load 
up to speed is the developed torque less that necessary 
to accelerate the rotor so that the indicated torque as 
produced on the chart actually represaits the torque 
available at the sh^iit for the accelerating period as 
shown. In* general *it will be found that when the 
accelerating period exceeds X5,or 20 sec., the dif¬ 
ference betw^ the developed torque and transmitted 
torque will be less than four or five per cent. The 
necessary time to allow for full accelefation of a motor 
should not be less than 10 or 16 sec. in order “that 
the pen of the instrunsenS; may follow accurately the 
changes of torque, ft ha^been noted also that accelerat- . 
ing periods of 20 to sec. usually cause such a 
small change in motor temperature toat this factor can 
be neglected. 

In the following examples the instrument chart speed 
was 12 in. per min., each cross-division repi;psent- 
ing a time of 3.75 sec. • * 


Calibration 

Calibration of the device is accomplished by placing 
it between a dynamometer and a load and recording thfe 
torque output of the dynamometer and the insta’ument 
reading. Pig. 3 is a calibration curve for a given spring 
showing the relation between actual torqu§ and instru¬ 
ment reading. The plotted readings were taken over a 
wide range of speed and of torque afid clearly indicate 
that centrifugal force has no serious influence on the 
accuracy of the device. While tiie calibration curve is* 
^tually slightly S-^aped, tor practical purposes it^ 
may be considered a straight line, smce the jerrar intro- '• 
duced by such assuifiption is extremely small. 


• Applications 

Fig. 4 is ^n example* of speed and torque charts 
taken on a S-hp., 1800-rev. per min., 60-cycle, repulsion- 
induction motor. The variations in torque at start 
due to the commutator aretjlearly shown as Veil as the 
•point of operation of the short-circuijfmg device and 
change over from repulsion to induction torques. 
Charts of this kin<i were taken to show'the effect of 
setting the short-circuiting device to operate at different 
speeds. * 

(?bher charts taken on repulsioji-induction motors, 
dearly show tiie change in shape of the repijjsion torque 
curvS due to change in brush setting and thS lowering 
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of pull-in torque when the ]prushes are displa,ped from 
neutral by more than the proper angle, 

• Fig. 6 shows records taken on a liue-stert squirrel- 
cage induction motor. In addition to the charts of 
torquS.an4 speed, synchronized charts that recorded 
the current and power input WCTe also obtained with a 
constant voltagq applied to the tqpninals of the motor. 
Several of these motors witl» different types of rotor 
construction were tested in order that an accurate com- 
liarison of the characteristics of each type might be 
obtained. 

It was noted from the charts that each of tSese motors 
having a rotor wihding of special shape, designed to 
lower the current drawu,by the motor from the line 


noisy. Investigation with this device also verified the 
general belief that dips in torque due to harmonics in 
squirrel-cagd’ motors are more pronounced at low 




This is a 5-hp. li^OO-rev. per min. 60-cycle, 220-volt single-phase motor 

• • . 

during starting, had an appreciable dip in accelerating 
torque. The knowledge thus obtained of the wcact 
amount of accelerating torque at all speei^^ should pre¬ 
vent misapplications of these motors. , 

By means of the addition of ciirrent and wattmeter 
readings, ?he factofs affecting the developed torque of 
the motor can te determined fropi tests for all speeds. * 
The change in rotor resistance ^d reactance with 
changes in slip can be calculated and the valu6 of 
any particular type of rotor- construction for a given 
condition can thereby be determined. 



Fia 5—RBCcmDs Taken during Acceleration of a Linb- 
S'jART Induction Motor . . . 

Curves are shoiira for lew., amperes, speed, and torque of a 20-hp. 1200- 
rev. per min. three-phase 60-cyde motor 


In making l^sts qn squirrel-cage inductiop motors it ;iroltage than at high voltage. A,Spries of curves ta^en 
was found that invariably the indicator’recorded dis- '• on a mOtor. with different valu« of voltage applied to 
tinct torque pulsations whenever the motor became the terminals showed a damping as 
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the voltage was increased. It seems reasonable there¬ 
fore to assume that if a jnotor develops a. satisfactory 
speed-torque characteristic on reduced voltage, it will 
show an equally satisfactory characteristic at‘ any higher 
voltage. 

The charts shown her® illustrate the speed and torque 
characteristics of motors of various types. It is quite 
apparent, however, that a recording torsional indicator 
can be used to advantage .also in many other fields of 
investigatiofi. For example, its operation can be 


reversed and in place of recprding the torque output of a 
motor it could record the torque necessary to st^ and 
run a given doad. . By so doing definite data could be 
obtained as to the load and the most economical type 
and size of motor could be applied. . / 
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Automatic Regulation of Synchronous .Condensers 

* • Equipped with Superspeed Excitiation 

BYL.W. THOMPSON! • and P. J. WALTON® 


Non-member • 

Synop8i8.~9This paper describee extensive field tests made on the 
super-kiqhr-speed exclusion equipment used with the SOfiOO-kiha, 
synchronous condensers ai the Plymouth Meeting Substation of the 
Philadelphia Electric Company. Oscillograms and calculated 

T he speed and maximum voltage characteristic of 
the excitation system used on ssmchronous con¬ 
densers is of prime importance in determining the 
amount of corrective kv-a. which can be furnished by 
. the condenser during a system disturbance. 

On the Conowingo Line at the Plymouth Meeting 
Substation there are installed three 30,000-kv-a. con¬ 
densers equipped with a supersystem of high-speed 
excitation and a method of control that is sufficiently 
rCtovel to warrant a general description. 

To obtain the same corrective kv-a. with ordinary 
types of excitation, a much* larger installation of con- 
• denser capacity would be rpquireS. 

These machines are installed for the piupose of volt¬ 
age regulation of the system and as an aid during tran¬ 
sient conditions. Since other articles have described 
the synchronous condensers, no description is given 
herein. 

Excitation for the main exciter field is furnished from 
a subexciter. The subexdter itself is of standard 
design and is a straight shunt-wound machine. The 
main exciter is of very special design. • It has laminated 
poles and yoke, heavy series winding (which will be 
referred to later), and an armature ceiling voltage qf 
approximately 1000. Also, it is provided with two 
shunt-field Windings. 

^ The main shunt field is directly connected to the sub- 
exdter throng a simple motor-operated rheostat which 
if propmrly set will give in general the proper main ex¬ 
citer volts to produce the desired kv-a. on the con¬ 
denser under steady conditions of load and voltagq. ^ 

1. Genertd Electric pjo., Scheiftctady, N. Y. 

. . Qeneral Electric Co., i^hiladelphia, Pa. , e *;• 

Prnmted at the OreatrLakea District Meeting of the A. I. E. E., 
Chicago, lU., December $. 4 ., 19$9. Printed complete herein. 


Member, A. I. B. X. , » 

curves showing the performance of the synchronous condensers with 
this equipment are included, logether with a discussion of the results 
obtained. 

***** 


At this time there will be little or no current in the 
second or regulating shunt field on which the regulator 
contacts operate. This of course is very desirable. 

This relating or auxiliary fidd itself will not pro¬ 
duce an exceedingly high rate of rise of the exciter volt¬ 
age, but can take care of ordinary conditions of load 
and voltage, that may come during normal operation. 
This range of the auxiliary field itself is somewhat 
unusual as it is capable of controlling the condenser 
from, approximately 20,000-kv-a. lag to 60,000-kv-a. 
lead under all st®ady;?state conditions, and if there 
were any requirement for it even this range could be 
extended. 

The r^[ulator is of.t}fb high-speed type equipped with 
a three-phase torque moW as the master^ voltage de- * 
ment, so as to provide proper response of the regulator 
on any type of disturbance. Ti»e rday contacts of this 
regulator are connected to the auxiliafy fidd through an 
unimlanced resistance bridge so that a reversal of the 
auxiliary field can be obtained, defending on the ratio of 
time opened to time dosed of these relay contacts. 
This regulator controls the line voltage under normal 
conditions because of its^ability to vary the condenser 
kv-a. throu^ the abo'^e mentioned range. 

However, for transient conditions, resulting from line- 
to-ground, double-line-to-ground, or three-phase faults 
. when the average line voltage is depressed five per cent 
or more, the main sBunt field is brought into play by 
means of a second master voltage rday which operates 
a high-i§peed contactor, opening the regulating fidd 
and cuttiiig out the resistance in series with the main 
shunt-field winding. When this resistwce is cut out 
of the mam field, a rate of rise.of^approximatdy 7000 
volts per sec. is obtained on ^e main exciter. This 
resistance is not cut-in hgain until the line voltage is *' 
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restored or until the kv-a. per condenser haj^ reached At a time when conditions return to normal, the regu- 

appronma^y 60,000. lator rapidly. bq,cks the exdt^ voltage down from its 

•At this tune.a current rday in the,main condenser original high -^ue to the value required to give the 
field operates at a value corresponding to this maximum proper voltage on the s^tran bus. This rapidity of die- 
kv-a., ‘whiqh again inserts the resistance in the main 


exciter fidd, tlip auxiliary field being closed simultane¬ 
ously with the insertion of this r^tance. This transi- 
tion between the two shunt fields •is very smooth and 



Fig. 1—High-Speed Excitation Scheme for Synchronoxts 

CONDIINSER 




Pig. 3—Schematic Diagram op System upon Which • 
Calculations Were Based 

• 

The fault F on Siegfried bus results in a decrease in positive phase 
sequence voltage at the terminals of the condensers of 30 per cent and an 
increase in positive phase sequence condenser current of SOS per cent. 
Oonowlngo assumed to be furnishing 150.000 kv-a. to Westmoreland 

♦ • 

down is due to the auxiliary shunt field at this tirao 
receiving ^ reversed voltage, which in turn accderates 
the decay of the main exdter. This scheme of coni 
nections is shown in Fig. 1. 

Discussion op Curves and Calculations 
The benefit derived from superexdtation in regard to 
increased condenser capadty can best be understood by 
considering a spedfic example. 

The diagram of system connections is shown in Fig. 2; 
schematic diagram of system in Fig. S. 

ConsidCT Si^fried, Conowingo, and Westmoreland 
interconnected, Sie^ried floating on the line, and 
Conowingo .fe^ng 160,0(f0 kv-a. to Westmoreland. 

If a two-conductor-tb-ground fault occurs at F on the . 
Siegfried bus and two condensers are operating at 



does not produce fluctuations to any extent in the main pio. 4 — Gbaph Showing Rise or Consbnsbb Kt-a, AmiB * 
exdter voltage, or any fluctuations in the kv-a. on the * Two-CoNDvcToiwro-GBODND'FA'nMr , 

main unit, as the transformer action between these* . 

fields tends to keep the flux constat. As the main Pl 3 mioutih Meeting at 10,000 kv-a. leading, giving a 
field tends to collapse, it induces substantially a corre- total of 20,000 kv^., there will be an instantaneous rise * 
spending increase in ampere-turns in the auxiliary fidd to 43,000 leading kv-a. from the Plymouth Meeting 
sufficient tx) maintain the original flux produced by the •condensers at the monient of fault. • 

rrnan fidd. After ,tiiis change the regulator a|ain ^ After the fault has been applied^ the condenser kv-a. 
operates upon the auxiliary fidd either to maintain •'•will continue to rise as determineci by ihe'superexcfta- 
voltage o/a maximum Ev-a. . * tion system from the above-menttoned initial value of 
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43,000 kv-a. to approximately 150^000 kr-a. in 0.5 sec. 
This is shown graphically in Fig. 4. •, 

From Fig. 5 it is seoi that two condensers with 
standard excitation are, at the first instant, equal in cor¬ 
rective effect to two condensers .with sup’OTexcitation, 
but "at the end of one-half second, approximately ten 



Fia. 6—CuRV|5 Showing Number op Condensers Needed 
WITH Standard Excitation to Give Same Correction as 
Two Condensers witIc Superbxcitation 


Beft)re«the fault occurs k; is assumed that the con¬ 
dense bus voltage is being held at its prope value by 
the 20,000 lftr-a.» deliveed by the two conneted con¬ 
denses. In orde to delive this same initial, kv-a. 
with a large numbe of condensers with ordinary exci'; 
tation, the excitation cm each condense would ne^ 
sarily be less than that of eithe one ef the two units 
with supeexcitation. 

Referring to Fig. 6, the integrated kv-a. <fr kv-a. 
seconds showfi, could be fiimished by approxi^tely 
five and one-half condensers with standard excitation 
at the end of 0.5 sec., but the maxiqaum instantaneous 
kv-a. at the 6nd of 0.5 see. with two condensers having 
superexcitation is approximately equal to ten condens¬ 
ers with ordinary excitation. 

Requirements 

It was required of the condenser th;it it be capable of 
operating at 10,700 kv-a. lag up to 55,000-kv-a. lead; 
also with the condenser carrjdng 10,000 kv-a. lead ini¬ 
tially, the time from the occurrence of a fault on the 




Fra. .6—OsciiiiiOaHAPH Records of High-Speed Exoitation ^ests 




Eiq; T-^scrLiiOGBAMS op Test on Condenser Having High- Pia. 8 —jOsoidlograms of High-Speed Excitation Test 

■ ’ .■ Speed Excitatipn ' * " 

* *s 3 retsm tod'eaching 55,000-kv-a. lead to^be not more 
cb^ensers' with standard 'exmtation axe required to*.,than 30^ cycles on the basis of OO-cyule tme, the excite* 
mve coire^ive effect ^uiValeht to two condfin^s with ’ voltage to be not more than 900-yplts ceiling.'^ , 

‘ - - • These requirements meant that the voltage re^lator 
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must operate over a range pf from about zerp volts to 
900 volts. 

• This condition will be appreciated whemit is remem¬ 
bered that the usual voltage regulator is required to 
operate ovpr a range of from 70 to 140 volts or a range 
of 1 to 2. 

In case of a short circuiton a luje, it is possible for the 
voltage of one-phase to be higher than before the short 
circuit ©ccu^ed and for this reason, the voltage-regula¬ 
tor element and the element for applying the super¬ 
excitation each consists of a three-phase torque 
motor. ’ . ■. 

To insure the high-speed feature being ,^pplied inde¬ 
pendently of the regulatipg equipment used for normal 
conditions, and to have it comejn with the least amount 
of time delay after the occurrence of a fault‘and to 
adjust the voltage at which it would be applied inde¬ 
pendently of other conditions, a separate torque 
■ motor was used fbr the purpose of applying the high¬ 
speed excitation in addition to the torque motor operat¬ 
ing as a normal voltage regulator. 

Tests 

The kv-a. taken by a condenser for a given field 
current depen<i^ upon the voltage at the condenser 
terminals. It was impossible to hold constant voltage 
when suddenly increasing from lOJlOO kv-a. to 55,000 
kv-a. owing to the reactance of the transforms* bank, 
to the tertiary winding of which the condenser is 
connected. 

In testing, therefore, to* determine thff time to in¬ 
crease from 10,000 kv-a. to 55,000 kv-a., the starting 
point was taken as the* field cmrent to produce 10,000 
kv-a. at rated voltage 18,800 volts;^ and at the starting 
point, the voltage was reduced»by Saving lagging kv-a. 
on another condenser to try to reach 18,800 volts when 
the kv-a. reached 55,000, on the condenser xmder 
test. • • • . * • 

In other*words, the tunffis*that required to build up 
the field current of thg condenser, as th^a-c. amperes 
depead on t^e cdndgtoser field fiux, and tests showed 
that there was practically no time delay between field 
amperes and a-c. amperes and consequently'field 
fiux.*. * 

Referring to Fig. 6, the torque motor resistance 
is the voltage across a resistance inserted in the torque 
•motor circuit to reduce the voltage applie(j to the torque 
motor to correspond to a short circuit qp the system. 

When the system voltage dropped as indicated by 
the voltage across-this resistance, it will be noted that 
within,a cycle, the torque motor contact closed, apply¬ 
ing vol^e to file coil of the higlT-i^eed contactor. . 

The instant when the high-speeci contactor closed is 
indicated by the point when the exciter main field’ cur¬ 
rent starts to increase. * ^ 

Following the short-circuiting of the resistance in the 
exciter mam field Hy the high-speed, contactor, the field.; 


* ♦ 

current of the main ©cciter rapidly increases, building 

up the exciter voltage to the desired value, approxi- 
naately 900 'vdl'ts, as shown in Fig. 7. After this the 
exdter voltage held practically constant because of the 
combined effect of lowering the pilot exciter voltage by 
omitting its series field and by the action of the series 
field of the main exciter. This is also shown in 
Fig. 8. 

With the adjustments used, the kv-a. of the con¬ 
denser built up to about 78,000, or weH beyond the 
55,000 kv-a. agreed upon. 

Summarizing these tests, the time required to reach 
the required kv-a. is approximately 26 cycles on a 60- 
cycle basis, though in actual practise the required kv-a. • 
would be reached much earlier because of an instan-- 
•taneous increase of kv-a. through a reduction in terminal 
voltage resulting from a short circuit on the line, ’to 
which is added the subsequent increase due to the high¬ 
speed excitation. Additional benefit in regard to rate- 
of rise is obtained from a very heavy seri« field on. thie 
main exciter which tends to raise thg exciter voltage due 
to the transient increase in the condenser field cmrent, 
raising the exciter voltage before any of the automatic 
equipment installed for this purpose comes into play. 

* 

ELECTRICITY APPLIED TO STRIP 
COAL MINING 

More than a thousand people traveled from Chicago, 
St. Louis and other cities to the Fidelity Mine df the 
United Electric Coal Company, near Duquoin, Ill.,* on 
November 7, to see an electric shovel said to be the 
biggest in the world, which is used for stripping the 
earth from the coal vein which is being mined. 

The shovel was designed for use with a 20-cu. yd. 
bucket, but this size was reduced to 15 cu. yd. in order 
to permit an extension of the boom. The reach of the * 
dipper is sufflcielit to place matoial about 86 ft. above 
the ground. The complete shovel weighs approxi¬ 
mately 1650 tons. It is operated by one man by Tnog-n i B 
of Ward Leonard control on the conversion equipment 
supplying direct current to the motor. The 4000-volt 
alternating-current power supply drives a five-unit 
motor-generator set consisting of a 1700-hp. motor, one 
860-kw. generator, two 360-kw. generators and a 50-kw. 
exciter. 

The electrical equipment was furnished by the 
•General Electric Company. A very large tipple 
designed by the Jeffrey Manufacturing Company serWes • 
.seven railroad tracks and has a capacity of 800 tons' of 
coal per horn. The tipple is operated by 43* electric* 
motors ranging from 3 hp. to 160 hp. and aggregating 
approximately lOOO hp. Nearly all are three-phase,.* 
60-cyele machines operating on 440 volts, and with but. 
fev exceptions they* are standard slip-ring induction 
motors. Virtually all ase operated by magnetic piutii- 
* buttoivcontrol. ** ' » 
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. •* Senes Synchronous Condensers 

for Generation of Ypltage Consumed by Line* Inductance 

BY THEODORE H. M0R(?AN* 

. ' Associate, A. I. E. E. ’ ' 

• • . 

SyiMpsis. _ The factors determining the power-carrying capac- A plan for obtaining direct or series reactive fcf-o. compensation 

ily of a transmission system are briefly discussed in this paper, by a method employing elecMc machinery is described. Thisincludes 
The 'prineipal effects obtained by the operation of synchronous a description of a methoif for jprodudng the required voltage and 
corvdensers used to compensate for the system consumption of inserting it into the system. . 

lagging reactive kv-a. are pointed out. This method of compensation Some of the characteristics of operation and advantaSes to 5e 
isoontrastedwitfl the directmethod of supplying (her eaeiivekv-a. to (he gained by (he use of the described method are given, 
line in (he manner in which it is consumed, i.e., by the series method. ^ ♦ * * * ♦ 


• * Principles and Practise 

A COMPLETE investigation of the transmission line 
power-limit problem shows that in the final 
analysis the limit of tiie amount of power which 
can be transmitted over a given system at a fixed max¬ 
imum voltage and load power factor is determined by 
the total sOTi& inductive reactance of the system. The 
combined inductive reactance effects of the circuit, 
from the point of generation of the internal e. m. f. in 
the alternator to tiie point of voltage drop due to the 
e..m. f. of the load end machinery, determine the max¬ 
imum amount of power that can be transmitted from the 
3 x>tor of the generator to the rotors of the load machines. 

The inductive reactive kv-a. of the load has its in- 
flu^ce in li miting the maximum power which a system 
can trahsmit. An understanding of this prindple, 
combined with the necessity of maintaining constant 
voltage at the load, has led to the practise of opera^g 
synchronous condensers at the load end of the line. 
These condensers may be considered as a source of 
inductive reactive kv-a. capal]le of compensating totally 
for load power factor, but only partially for line con- 
• sumption of reactive kv-a. ,Such*a method of com¬ 
pensation gives load end voltage control while in¬ 
creasing the system power limit. In fact, voltage 
control and reactive kv-a. compensation are inter¬ 
related,* one action accompanying the other. The 
ultimate power limit is reached with the limit of com¬ 
pensation. The important fact related to s 3 mchronous 
operation at the load end of the line is that 
complete compensation for line effects becomes impos¬ 
sible with increasii^ load, and the load and generator 
machinery finally fall out of step because of the inability 
of the system to transmit the load required of it. 

, About a year and a half ago, in an attempt 
to test out a new practise, an installation of series 
'‘capacitora was placed in operation on a transmis- 
aon line.i Such capacitors provide a method of 

•Assistant Professor of Electrical Engine^ing, Stanford XJni- 
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series inductive compensation which is direct and 
inherently automatic. They produce a voltage acrossr 
them which is opposite in phase angle to the vol¬ 
tage caused by the inductive reactance of the line. 
By proper choice of the capacitor size these two vpl- 
tages may be made to entirely counteract each other, 
thus compensating for the inductive effects of the 
system. The line effects are completely eliminated 
and the amount of power which itis postible to trans¬ 
mit is very materially increased. 

General Methods. It may be said that there are in 
general two methods by which reactive kv-a. may be 
supplied to a transmission system. First, it may be 
fxunished indirectly hy apparatus connected across the 
line in a manner amilar to an ordinary load; or second, 
it may be added in a direct manner through apparatus 
connected in series relation to the line. conductors. 
Each method gives ’eompensating effects which are 
different in character and results obtained. 

e • r 

The first method changes the phase angle of the line 
current with respect to its voltage^ and in ihis way 
produces a line drop at stich an angle that the load end 
voltage is held constant at a required value which may 
be equal to that of the generator end.' This is shown in 
a simple ease by the vector diagram of Pig. in which 
the line ch ar ging carrot 'and resistance' drop are 
omitted. Witti increase of line«eurr^t, the angle be¬ 
tween the generator-end voltage ‘knd'the load current 
increases and the compensating reactive power sup-. 
plied must increase with the load in order that the bad 
voltage may be mamtained. The maintenance of 
s 3 mchronism between generator and load is dependent 
entirely upon this pfincipl,e when the phase angle be¬ 
tween load cujrreht and .generator-end voltage becomes 
large. This is laecause* the power represented by these 
two quantities considered by themselves beconies dimin¬ 
ishing under these conditions* 

' In the second method, the compensation is obtained 
by the addition of a series voltage to the system. This 
plan‘does not alter the line'current, but the reactive 
kv-a. is produced by the insated voltage adting with 
•this current. The compensation is direct'and tihe 
, reaclave kv-?. Is supplied in the same malma* that it is 
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consumed. Referring to 5ig* 2, the voltage pro¬ 
duced by line inductance is counteracted by the 
voltage Ec, equal to it and- opposite in.phaee angle. In 
this case the line effects have been completely' com¬ 
pensated fpr, and the load end voltage becomes identi¬ 
cally equal in jnagnitude ^d phase to that of the gen- 
^torend. . ’ \ 

A New ipjTH<50 

. The problem at its present status would seem to 
demand that all possibilities and options should again 


DescripUtm. The general plan of arrangement is 
shown by the wiring diagram of Kg. 3. The reactive 
kv-a. required for compenimtion is supplied by a 
machine similar in construction to a synchronous 
condense-, which for want of a better name will be 
called the “inductive compensating generator.” This 
machine is drivei at synchronous speed by a syn¬ 
chronous motor, -operated in the ordinary way from a 
bank of transformers connected across tiie line. 

The voltage to be supplied to the line by the driven 
machine should be proportional to thq line current 



Eiq. 1—Vector Diatba&i showing Compensation with 
. ‘Synchronous Condenser 

is generator end voltage 
•Ta is load current • 

Is correcting current 
rj, Is une currant 

-^Lls voltage produced by’llne Inductive reactance 
is load end voltage 



Pig. 2—VEqroR Diagram showing Direct Compen^tion 

and £b are\;enerator end and load end voltages 
^B is load current 

-Bills voltage produced by line Inductance 
Be is voltage supplied by correcting* apparatus 


since its purpose is to compensate for a voltage caused 
by this current flowing through the line inductive 
reactance. "With the iron of the magnetic circuit of • 
the machine below the point of saturation, this would 
require an exciting current which*is at all times pro- 
portienal to the alternating current of the line. This 
.immediately suggests using the line current for machine 

Transformer • 



excitation purposes. This current may be^ passed 
through current transformers to obtain a Wtable 
magmtude, then rectified vrith a polyphase mercury arc 
or other rectifier, and passed through the field circuit of 
the machine. Special current transformers with suflBi- 
cient iron in the core would produce voltage impulses 
on sudden changes of line current, thus providing rapid 
response in machine excitation. 


be investigated. With the belief that the direct or » The reguirementR of frftq npDi»y Tnngrniti^f|o Tiavr- 
second method is prefa-able to the one now commonly ing been met, there is the question of mnintenaviAo ©f . 
us^, an attempt has bees made to devdop a plan by 'propCT phase relation for tiie compensating voltage, 
which the desir^ results may be^obtained by the use of Due to its i^erent characteristic, the driving s;^chron-' 
dectrical machinery. It was realized that if a voltage ous motor would hold the rotor of the inductive 
identic^ both in magnitude and ph^e to that produced compensating gdierator to an approximately constant * 
by series capadtors be ^erat^ and applied in series phase position with respect to the line voltage. If it 
to the circuit, effects similar in general character to . were possible to maiTfta.i'n constant power factor on the 
those realized by ^capacitors may be obtained. *The line, this is all that would be required, once the original 
following, system of .machine operation has been ••.'‘setting, of the angle between, the‘two rotors had Ueen 
devised for this purpose. ^ • correctly adjusted. However, since there is a pos- 






874 


\ 


* MOKGaW: SBBIBS SYNCHRONOUS CONDENSERS 


Journal A. I. E. B. 


sibility ot change of line power factor angle with change 
of load, it would seem that provision should be made to 
meet this contingency. 'I’he machine should normally 
operate with the voltage which it produces‘in leading 
quadrature rdation to the current through it. By 
arranging the stator of either the'driving motor or the 
inductive compensating generator so that it can be 
moved in such a way as to alter tiie relative phase angle 
between their armature windings, liie required condition 
can be maintained. The real power output will always 
be zero and the stator position could be automatically 
controlled to produce this condition for all phase 
positions of the line current. 

• In cases where compensation is to be made on re¬ 
latively low-voltage lines, the separate phase windings 
of the machine could be connected directly in series 
with the line wires. When used on high-voltageJines 
transformers would be necessary. These transformCTs. 
would have their high-voltage itindings placed in series 
with the transmission line wires and low-voltage wind¬ 
ings conpected to tbp madiine phases. Such transform¬ 
ers would p^form both series and potential duty and in 
addition, insulate the machine from the line voltage. 
They would act as series or current transformers in per¬ 
mitting passage of line current, the ampere-tums of 
both windings being equal. In stepping-up and intro¬ 
ducing the machine voltage into the line they would 
be doing potential transformer duty. 

With the inductive compensating generator being 
driv^ so that its generated e- m. f. is in leading quad- 
ratflre to the current in its windings, there will be no 
torque or power developed by the machine. However, 
it will be operating in a condition of unstable equi¬ 
librium. By this is meant that on any relative 
displacement of the rotor and stator from the required 
petition, a torque will be pro*duce(i which i^ll tend to 
'still further UMoease the displacement. This torque 
will increase with the amount of the di^lacement up to 
the 90 tiectrical d^^ee angle in either direction. The 
position of 180 electrical d^rees from the required 
operati^ potitiori is the stable one, and the rotor would 
seek this petition if allowed to do so. In order to main¬ 
tain the detired operation it is necessary that the driv¬ 
ing motor be designed to produce more torque for small 
angles of di^lacement thSn that produced by the 
driven machine. Under normal operation the load on 
the driving motor would be very small as it would only 
be required to supply the rotation losses of the compen-. 

, sating machine. Thus for the driving machine, there 
would be required A relatively small motor with special. 
■"eharacteristiOT. . .... 

CharakerisUcs and Adva/ntages. When tliis plan of 
'compensation is applied to very long lines it might be 
desirable to insert a number of compensating units at 
intervals -along the line, so that The supplied voltage , 
would not be excessive at auy«ingle unit. This wo\ild 
also'-aid-in'keeping* the, line voltage more uniform* 
throu^out the entire'length. For all cases of complete 


compeDsa,ti<^°> irrespective ^of the number or location 
of the units, the total reactive kv-a. supplied would be 
equal to the inductive reactive kv-a. consumed by the 
line if the’line-charging ^-a. be neglected. Also 
complete compensation by' compounding, the" line^ 
inductance voltage would eliminate, in evoy case, its* 
detrimental effects o^ voltage regulation and power¬ 
carrying capacity, leaving only the factor of line 
resistance. ’ r. 

The one operating benefit derived from line in-' 
ductance is its effectiveness in limiting short-circuit 
currents. If the compensation w^e sufficiently com¬ 
plete to counteract all inductance effects of the line and 
transformers over the range of jail possible currents, the 
short-circuit currents would be excessively hi^h. Tha 
machinfe system of compensation, however, has the 
decided advantage that the magnetic circuit of the'' 
machine becomes saturated at certain currents and that 
its compensating ability is thus limiteid. As a result of 
this characteristic of the machine, it is possible to ob¬ 
tain full compensation up to a critical current, after 
which any appreciable increase in compensation be¬ 
comes impossible. The effect desired is obtained by 
the inherent characteristic of tiie madiine witiiout any 
supplementary control. In this respec^ compensation 
by machinery is far superior to that obtained' with a 
series capacitor, whiph must be short-circuited on heavy 
currents ■with the resulting system disturbance upon its 
subsequent return to the drcait. With machine com¬ 
pensation, on the disappearance of the heavy line cur¬ 
rent, normal*operatidii is restored by smooth action as 
the excitation on the machine is reduced. 

In other respects it would se&n that all the ad'van- 
tages claimed for series capacitor» operation would 
apply to this methoSi. *• • 

The inductive compensating generator is connec¬ 
ted to the circuit in such a \j;ay that itwill not supply its 
storage of rotational •energy to a'short circuit m the 
manner in which a syhehronous condenser operates 
under such cgnditions. , 

Conclusion ' 

« • 

The above described system of inductance compen- 
satioft h^ been devised •with the hope that it may in 
some small way point toward the< solution of a-vital 
problem in power trpismif^on. No claim is made 
that the general plah is finally or completely worked 
out in all its^details. Pn the basis of conformity to 
present practise^ it will have no advocates. Because of 
its departure from methods now employed, many mat¬ 
ters realized only through opiating experience are as ' 
yet undetermined. However, granted f^at the general 
plan is fundamentally sound, its success must be in¬ 
separably linked wit& the abOity to maintain complete, 
dependable, .automatic madhine control.: In this regard 
,it may be said that the rapid advance which is being 
madS in tHe aft of electrical controls is positive proof 
;that this phade of the problem, csm 'be sa^actorily 
solved when the demand arises.''*' .. ' 
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The Future oC Higher Steam Pressures 

* • in Steam Electric Generating Stations 


BY IRVING E. MOULTROPi 


* • ^ Fellow, A. 

Synopsis,—Construciion and operating experience has shown 
that a large part of the theoretically possible gains in efficiency due , 
to fngher steam pressiA'es has been obtained in practise. 

What are the future possibilities of higher pressures? 

The biggest problem before station designers today is to redude the 
cost of construction per unit of capacity. Some engineers have sug¬ 
gested that we should build cheaper and less economical stations. 
This is an unsatisfactory answer to the problem. The proper 
answer is to maintain the high standards of efficiency that have been 
established and reduce the cost of construction by intensive study 
and better^ design. ^Better engineering in the future is the answer to 
the problem. 


By^he use of large turbine generator units arid large steam generai¬ 
ding units^ the unit cost of construction can be reduced materially. 
The present practise of instalting several boilers to serve one turbine 
generator increases the cost of construciion. The use of large steam 
generating and turbine generator units will reducfthe unit cost ojj. 
high-pressure statmis more than it will redme the unit cost^f normal 
pressure stations. 

If the steam generating units match the turbine generator unit»in 
capacity j we can design for unit construciion. This unit construc¬ 
tion mil not only reduce the cost of construciion but will also sim¬ 
plify operation. 


♦ * * ♦ ♦ 


M uch has been written about the present state of 
development in the use of higher steam pres¬ 
sures in steam electric •generatilig stations. 
The plants in service and under construction have been 
discussed at length in the technical press, and it would 
be useless to endeavor to present to you a detailed pic¬ 
ture of what has been accomplished. It is sufficient to 
say .that a large* part of the theoretically possible gain 
in efficiency has been obtain^ m practise, and there is 
everyreasftn to belieVe that we will, in the near future, 
obtain as near the theoretical efficiencies possible as we 
have in stations designed for more moderate operating 
pressures. . * 

It would appear to be of more use to attempt to take 
stock and .discuss the future possibilities of higher 
pressures. . , 

In meeting our every-day problems, we are prone to 
see only the immediate job before us and to lose sight of 
the broad economic problem with which v^e are dealing. 
It is becoming more and more necessary to keep 
the broad problem before us continually and to so con¬ 
duct our Svery-day work tiiat it will fit into the larger 
picture to the best advantage. 

A rCsumC ol the accomplishments of the past, is 
helpful only in focusing our attention on the possibili¬ 
ties of the foture. The work done so far in raising the 
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operating steam pressure has produced results that are 
■ very satisfactory. They are satisfying principally? how¬ 
ever, because they indicate that we have made progless 
and lead us to believe that we will continue to do so 
in the future. 

Looking back at the development of the steam elec¬ 
tric generating station since Mr. Edison started the 
Pearl Street Station in New York City, what can we 
learn Of particular moment to guide us in the design of 
new stations? 

Many things have been accomplished and the best of 
these should he incorporated in the .new installations 
that we are about to make. 

Many costly mist^es have been made and these 
should not be repeated, for while it is excusable to err, 
to repeat an engineering error is an economic waste. 

Let us select for discussion a few salient points 
of a general nature, and let us confine omnelves to 
.those points that need to be kept constantly before us 
in our new designs. 

. First and foremost, we find that ijj the past we have 
so designed our stations that the fixed charges on the' 
cost of construction are several times the combined 
cost of fuel, maintenance, and operating labor. It is * 
therefore apparent that by attention to ibis fact we can 
^ m^e the largest saving in the cost of generating elec¬ 
trical energy. This projjlem un4oubtedly takes prece- 
dence gver all others before the hrdustry today, ^at 
is the answer? * . 
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Some engineers have gone so far as to recommend that 
we forget our efforts for higher th^mal .efficiencies and 
bnild cheaper and less economical generating stations. 
That is not a satisfactory answer. It is not‘right that 
we should ca&t aside the accomplishments* of the past,, 
for the facts of the case •prove that those accomplish¬ 
ments have resulted in reducing the cost of supplying 
electric service. 

What we should do is to maintain the highCT effi¬ 
ciencies that have been obtained and at the same time 
reduce the cost of construction by more intensive study 
and better design. 

Better engineering in the future is the answer to our 
• problem. * 

♦ We are doing Jjetter engineering today than in the 
past because of the afccumulated engineering data avail- 
abie and because of the extensive research work o# the 
past few years. Bettm* engineering will result in more < 
economical designs, more economical use of the ma¬ 
terials of construction, more economical production, 
peater simplicity and ease of operation, and probably 
higher thamal efficiencies. 

As a matter of fact, we are fortunately trapped by 
circumstances for our own good. We cannot afford to 
bmld stations today of the same design as those built a 
few years ago. A careful study will show that if our 
fuel cost us nothing we could not afford to build stations 
with as low thermal effidendes as were built ten or 
fifteen years ago. No! The answer to the problem is 
not t6 take a backward step but to go forward. By 
bet£er design we can maintain the high standards of 
effiden<^ and at t^e same time reduce the cost of 
coQstruction and the fixed diarge item in the cost of 
supplying electaie service to our customers. 

As electrical systems have ^wn in size, the capadty 
^ of the prime movers and generators.has grown likewise. 
The use of larg^ turbine generator units, when intelli¬ 
gently used, has reduced the unit cost of generating 
stations irr^pective of the operating pressure. How¬ 
ever, it,appears from the facts available at this time 
that the use of large turbine generator units favors the 
higher pressure stations more than it does those de¬ 
signed for more modmate pressures. Today a 50,000- 
kw. unit for 1200-lb. pressure costs somewhat more than 
one designed for 360-lb. pressure, but a 125,000-kw. 
unit costs about the same whetiier designed for 1200- or 
350-lb. inessure. 

It would therefore appear advisable in high pressure* 
stationsto install as large-sized turbine generatorunits as 
practical from the^ operating standpoint. The recent * 
'^deagns of turbines that give practically the same 
economy over wide ranges of load have naade it ad- 
'visable today to use larger units than Vould have been 
advisable a few years ago for the same system load 
conditions. * • ■ , 

Interconnections of«dectric«ystems also permit the 
installation Of larger turbine generator units flianawould ' 
be advisable withodt interconnections. This factor 


should*nojt be lost sight of if the fullest advantages are 
to be obtained by interconnections. 

In the past, the size of our steam generating units 
in our stations has always lagged behind the aze of our 
turbine generator xinits. Proin three to five boilers are^ 
often installed to smwe. one turbine generator 'with & 
resultant large increajfe in tlie unit cost of our boiler 
plants when compared wiljh a design in which the steam 
generating unit matches the sizeof the turbine generator 
unit. 

There se^ms to be no basic re^n why the steam 
generating units should not match-tiie turbine generator 
units in reliability. Already steanf generating units 
have been operated with availability factors in excess 
of 90 per cent. If this,performance can be matched' 
consistently, there seems to be no reason why one steam 
generating unit should not supply all of the steam for 
operating one turbine generator imit. We can t^pn 
have unit construction, one boiler *feed pump, one 
boiler, one turbine, one condenser, one circulating water 
pump, and one auxiliary* power supply. A reasonable 
number of cross-connections will insure continmty of 
service and will reduce the unit cost of spare equipment. 

It is also true that this better balance between the 
size of steam generating units and tupbiue generator 
units is desirable irrespective of the operating pressure 
employed, but the accomplishment of the proper bal¬ 
ance will make a greater reduction in the unit cost of the 
high pressure stations because of the higher unit cost of 
high pressure boiler plant equipment. 

The argunfent of ‘^ttie laiger the unit, the lower the 
unit cost” carries throughout the^stetion, foritappliesto 
station structures, piping, and auxiliaries.* It litewise 
applies to transmission hues, substations, and distribu¬ 
tion systems right up tor the customer’<s meters. The 
basic reason for this is the fact that the larger units 
permit the most econom^caVuse of the materials of con¬ 
struction, labor, and silpenasion. * * « 

Construction experience has veiy definitely shown 
that the size of the unit has a great deal to do with the 
comparative cost between high-pfessiire and moderate 
pressure installations. Undoubtedly a 6000- kw. 1200- 
lb. irfetallation would cost more per kilowatt than one 
for 350 lb., while for much larger umts there appes^ to 
be little if any difference in unit cost. TMs is un¬ 
doubtedly the reason why comparative studies for 
small plants ^or induqtri^ usually show that the 
normal pressure installation is the cheaper, all factors 
considered. 

The recent A. S. M. E. StOam Table Research Com¬ 
mittee’s publication o^. the Total Heat,Entropy Dia¬ 
gram extended to 3600 lb. per sq. in. and 1000 deg. 
fahr. .total steam temperature has very dearly pointed 
out that for gvery steam temperature there is a theoreti- 
,cally economical pressure. The higher the‘tempera¬ 
ture,* the Tiigher the economical pressure. For a 
'.temiierature* of 760 deg. fahr. mw5 thd r^eherative 
rehealTcycle, the economical pressure is in the neighbor- 
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hood of 1400 lb. per sq. in. In other words, jbhe steam 
temperature is in reality the governing factor. 

Already the Detroit Edison Company Ifas decided to 
lead the way in an attempt to raise the operating steam 
.tmpetiiature to 1000 deg. fahr. They have purchased 
a turbine generator to operate.with steam at moderate 
pressure at this temperature Ibr their new Delray 
Station. .* * 

. As l!he difficulties with the higher temperatures are 
worked out, the highCT teinperatures will be combined 
with higher pressures and there is a possibility that we 
will be faced Mnyi the necessity of raising operating 
pressures even higher than 1400 lb. * 

, The development of Equipment suitable for utilizing 
steam at 1000 deg. fahr. will result in justityingtheuseof 
higher pressures without reheat, and who can say that 
with reheat 3200 lb. per sq. in. will not be justified? 

If the time comes when pressures considerably in 
excess of 1400 lb. are justified, we must depart radically 
from our present designs of bdilers. We must abandon 
thermal circulation in boilers and water-cooled furnace 
walls and adopt forced circulation. Just because we 
cannot at once reconcile our minds to such a radical 
departure in dpign is no reason for om feeling that 
there is nothing in the idea before it has been given a 
thorough trial. Some Emopean engineers believe that 
forced circulation is advisable for pressures as low as 
16001b. 

The European trend is distinctly toward higher steam 
temperatures at moderate»press«res becacuse the engi- 
• neers over there believethattheunitcostof high pressme 
equipment is too great *to be justified by the fuel savings 
to be obtained byttsuse. Ontheo&erhand, in America 
the trend is just the other way^ i. e., higher pressures at 
moderate temperatures. It is the opinion of American 
engineers that higher temj^^tures call for the use of 
alloysteelfe and the proper alloys are not available today 
at prices that make their uSe profitable. 

There is no doubt that many engineers on both sides 
of the Atlantic Ocearf are fully alive to the proper rela¬ 
tion between pressures and temperatures, and you can 
find,many instances where certain companies are*going 
far ahead of the* general trend. Two noteworthy 
examples of this are the Detroit Edison Company’s 
purchase of 1000 deg. fahr.,equip‘inent, and the recent 
purchase of a 300,000 lb. per Jm., 320011b. per sq. in. 
Benson boiler for the Langerbru^ge Station in Belgium. - 

We haye been told on many occasions that the laws of 
diminishing returns will jJredude going much higher in • 
pressures or tymperatures, and yet both in America 
and Europe engineers are going ajiead and accomplish¬ 
ing results with higher pressures and temperatures that 
may force a revision or a reinterpretation qf that law of 
dim inishmg returns. It is indeed very dangerous tow 
draw definite copplusions from trends' it* is wiSer to 
watch the^accomplishments of the pionSere. •'.* 

The eScperience thuS far gained in the constructibn and 


operation of high pressure and high temperature sta¬ 
tions has v€ty clearly shown that the design and opera¬ 
tion calls for engineering talent of the highest type. 
Designs abd construction details must be worked out 
with the greatest care or otherwise the cost of construc¬ 
tion will increase to a point where the fixed charge will 
offset the savings in fuel. On the other hand, if the 
proper skill is exercised th^e does not appear to be any 
additional capital burden and the greater economy pays 
a handsome dividend on the effort expended. The 
argument that greater skill is required is no valid reason 
for refraining from using the most economical equip¬ 
ment any more than a merchant should refuse to enlarge 
his business for fear that the larger andnnore profit-* 
able business will require more careful planning and 
attention. • 

Censtruction experience has shown also that high- 
pressure stations need .not be confined to base load 
operation. Since they can be built for practically the 
same unit cost as low-pressure stations, they impose no 
additional capital burden and can be justified for supply¬ 
ing the normal load of the system. This fact will 
undoubtedly greatly increase the use of higher pres¬ 
sures in the future because it is seldom practical to 
operate a generating station as a base load station 
for a long period of years. 

Just as the hand-fired grate for large boilers has 
passed into the discard with the development of effi¬ 
cient automatic fuel burning equipment, so hscire “rule 
of thumb” design, construction and operating* ipic- 
tises passed on. Brains instead of brawn rule today. 

SEEK FOG-PENETRATING LIGHT - 

There has been a great deal of talk about the fog- 
penetrating power of the light produced by means of 
certain lamps, but'according to impartial experts on- 
the subject such a source of light is not yet. 

Speaking on the subject before the Chicago Section 
of the Society of Automotive Engineers, R. E. Carlson, 
of the Westinghouse Lamp Co., said:- 

“I wish we knew how to design lamps for use in fog. 
From time to time, particTolarly in aviation work, one 
hears about certain wave-lengths of light being more 
suitable for fog penetration. I have in mind some 
tests that were well controlled and well conducted by 
the Bureau of Standards in Massachusetts last year. 
Those tests showed that, for fog penetration, the differ¬ 
ence between a tungsten-filament incandescent lamp . 
and a neon lamp is not great enough to measure within 
close limits. 

"Prom my own experience, I think the less light one 
has in a fog the*better, because the back glare impairs* 
visibility. On the Pacific Coast, up in Oregon and that 
region, what are kndwn as ‘fog lights’ are mounted low 
so that they reduce, as much as*possible, the refiection 
and back^lare. We have np solution for that problem- 
yet; I wish we had.” • 



. •' Electrochemistry *^d Electrometallurgy 

ANNUAL REPORT OF COMMITTEE ON ELECTROCHEMISTRY AND 
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To tM Board of Direetors:^ 

The Committee on EJlectrochemistry and Electro¬ 
metallurgy submits the following report covering some 
of the outstanding matters of interest within the field 
of the committee. Such a review can never claim to be 
complete. The past year has brought several items 
of unusual interest. As an innovation in the report of 
the committee,' for the present year somewhat more 
details are given about certain materials and their pro¬ 
duction, including the features likely to be of interest to 
el^trical engineers.'^ For this reason, the number of 
items covered in the report is somewhat less than Ih the 
reports for the several years preceding. 

D-c. Supply fob Electrolytic Uses 

Approximately a00,000-kw. capacity in d-c. ma¬ 
chinery is now pmchased yearly by growing electro¬ 
lytic industries throughout the world. Electrolytic 
processes are essentially d-c. processes requiring 
large current at relatively low voltage per unit. The 
problem of a suitable and economical source of power, 
therefore, is of importance, and one requiring careful 
study to determine the best conditions in any 
particular case. The generation of direct current may 
have'some advantages as to cost and maintenance, if 
the'electrolytic plant is not far removed from the source 
of power, and if exhaust or bled steam can be used to 
advantage in process work. Such a source of supply, 
however, is limited in its application and does not per¬ 
mit of interconnection to othey sources of po^^er. 'When 
power is purchased, the problem of converting it from 
alternating current to diredt current usually arises. 
Synchronous converters and motor-generator sets both 
find use for’this purpose. Possibly, large mercury rec¬ 
tifiers ^o may find extended use in the future. In 
several papers which have recently appeared, it has been 
pointed out that the proper choice inany particular case 
must depend, (1) upon voltage and other characteristics 
of the transmission line; (2) the range of voltage, the 
current, and other characteristics of .the electrolytic 
circuit; and (8) the eflidency under particular operating 
conditions; and (4) the initial investinent and interest 
charges. It frequently happens that materials pro-* 
diiced by electrochemical means are more costly than 
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similar materials produced without the .expenditure of 
electrical energy; ant^yet the electrochemical processes 
are justified by the'higher quality of material or by 
unusual physical or chemi&l properties. The problem 
is therefore a complex one which will have much to do' 
with the success or failure of electrol 3 duc production, be¬ 
cause the power costs are usually aconsidehable fraction 
of the total qpst per unit of the material. 

Chromium Plating 

Chrolnium plating which was first accomplished 70 
years ago has undergone a sensational development in 
, the electroplating field within the past three years. IJis 
only recently that the mechanism of*the processes has 
become sufficiently well understood to make possible 
its commercial application. From the various uses 
proposed for chromium plating, it is becoming apparent 
what may reasonably be expected. 

Scratch tests on thin films of chromium indicate that 
the hardest chromium is harder than apy other metals 
or alloys previously tested; its ductility is almost zero; 
its expansivity is a^jout the same as for glass or plati¬ 
num; it resists tarnish to a remarkable degree. The 
reflecting power of chromium is 65 per cent as com¬ 
pared with silver 95 per cent. Its electrical conduc¬ 
tivity is about that of alumiBum. 

As a protective coating, thin films are desirable. For • 
some purposes 0.0D002- to 0.0C(D04-in. are used over a 
preliminary coat of cop^r or nickel.* Thicker deposits 
may tend to cracS. Ohromium depesits are made 
from a chromic acid bath to which a ^phate has bisen 
added. The anodes are of iron or lead. The condi¬ 
tions for maldng satisfacliQry deports are rather critical 
as to temperature and cflrrent density, the latter rang¬ 
ing from lOO to 300 amperes jper sq. ft. Prom the 
standpoint of the electrical enginfejer, the large amount 
of energy required is of interest. The voltage across the 
tank*ranges from 6 to 12 volts. The current must be 
large and since the valence is 6 and.the efficiency o? the 
process low, the amount of metal deposited per coulomb 
is very small. It has been estimated that chromium 
plating requires 15 times the electrical energy used for 
nickel plating ii^equivafent amounts. However, in the 
case of chromium but little metal is needed. The proc- 
ess'brings with it hazards that require carefull/ designed 
ventilating sjTstems to protect the workers. In spite of 
di^culties which may seem numerous, the desirable 
properties of chronuum as,a protective coating, its- 
resistanca to wear, its hardness, and its pleasing ap- 
^pearance have brought it into use in many industries. 
Some of tile applications which have been made of it 
;.have not bdCn*successful; as, fo^ ex^ple, in stamping 
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dies. The chromium is brjj^tle aud flakes o& in the 
popular, mind chromium is associated with automobile 
and plumbing-flxtures, but in a less eonspicuous way, 
chromium plating has pipyed its worth by prolonging 
Idle life of gages, tapes, measuring devices, forming dies, 

. spinning tools,nnd printing plates. 

An important development during 1928 was the 
installation of several com.pleteiy automatic equip¬ 
ments for chromium plating. The electroplating indus¬ 
try has learned the value of chemical control and now 
it is adding automatic electrical control,of current 

density and control of temperature. 

• 

Electroplating op Various Metals 

• 

• In other fields of electroplating, new finishes have 
been developed. Cadmium plating, which can be 
easily done on any commercial metal, promises valuable 
se^yice as a preventative of rust, but it is handicapped 
by the high price of metal. A process has long been 
sought for electroplating aluminum on other metals. 
A step in this Section has been made in the experi¬ 
ment^ work of depositing aluminum on other metals 
from organic solutions. New developments are taking 
place in the electrodeposition of alloys. Whereas in 
the past this has been confined chiefly to brass and 
bronze,’today there are a dozen different alloys that 
may be deposited from aqueous, solutions. Nickel- 
plating continues to increase in spite of the threatened 
competition of chromium plating. Actually, the latter 
needs an underlying layer of nickel, and so it has been 
said that chromitim plating*has attually stimulated the 
demarui for nickel. The trend in nickel plating is to¬ 
wards the use of very pure anodes containing not less 

than 99 per cent ofmickel. . , 

• • 

, Hydrogen for Industrial Uses 

Industrial uses rfor hydrqge^j are rapidly increasing. 
The fflecti^lsrtic process is particfilarly well adapted to 
the produdtion of hydrogefi (Jf*a high degree of purity. 
It is of more than passing interest that a large research 
laboratory is.provid€a? with pure hydrogen piped to the 
various rooms and consuming in the experimental work 
more than .2,000,000 cu. ft. of hydrogen per nfbnth. 
In ?he fat-hardening industries the demand for 
pure hydrogen is increasing and larger electrolytic 
cell unite in some cases amorating to 4 to 6 times the 
capacity of present installatipns are teing sought. 
More electrolytic hydrogen is likewise tesing used in the 
synthesis of liquid ammonia, the productipn qf which in 
1928 was so large that it became the cheapest alkali per 
unit. It has bfen foimd that liquid anynonia is a very 
convenient form for transporting, hydrogen. Of par¬ 
ticular interest to electrical«engineers is the use of hydro¬ 
gen as a cooling agent. It naturally diffuse^ faster than 
other gas4s and has a high thermal conductivity so that 
it can be used to advantage where it iS infportafit to 
renaove heg,t rapidly. . High-speed motohs ‘and genera¬ 
tors are being operated in hy^ogen gas in development 


teste and a commercial application of hydrogen cooling 
has recently bepn made in the. case of a large synchro- 
nouscondensOTwhichistotally enclosed. The capacity of 
this condeiliser with hydrogen cooling is said to be 12,500 
kv-a., as compared with 10,000 kv-a. if air-eooled. The 
use of hydrogen for such a purpose is beneficial in other 
ways, since oxygen and dirt are excluded and the effect 
of corona on the insulation eliminated. As a salegu^d, 
the pressute of hydrogen is maintained above atmos¬ 
pheric pressure and the purity of the gas is continu¬ 
ously recorded. An alarm is sounded jf the purity 
falls below 91 per cent. 

Copper , 

The change in the copper situation .during 1928 was ' 
sensational. A sluggish market irhich had persisted 
for jrears with comparatively little prospect of marked 
• advancement was tran^ormed by the increasing de¬ 
mand for this metal. Existing stocks were reduced 
and outlets for even the high-cost copper provided. 
Copper as a product of electrochemical indxistry and as 
a basic material of electrical construction has a double 
interest for the electrical engineer. Part of the in¬ 
creased use of copper may be attributed to systematic 
efforts of a research association to extend its uses anH 
part may be attributed to the growth of electrical 
industry, which is said to consume in one form or 
another, more than one-half of the total supply. It has 
been estimated that the mines of the United States will 
produce over a million tons during the present yeaS- and 
most of this will be used within this country. * 

Electrolytic Zinc 

• 

A large plant has recently been installed in Idaho for 
the production of electrolytic zinc by the “Tainton- 
Pring” process. Good deposits of very pure zinc are 
obtained from the strongly add solutions. The * 
cathodic current density is about 100 amperes per 
sq’ ft. and the voltage per cell, about' 3)4 volte. 
The nominal capadty of the plant is 50 tons of ginc per 
day, with provision for trebling this’ output. Direct 
current of 16,000 amperes at 600 volts is supplied by 
two synchronous motor-driven generator unite. The 
dectrolytic cells are arranged in two groups of 150 cells, 
connected in series. Each cell contains 20 aluminum 
cathodes faced ty anodes of a lead alloy. By ground¬ 
ing the midpoint of the circuit, the maximum voltage to 
•ground is reduced to 260 volte. The purified zinc sul¬ 
phate solution is circulated to the cells until 90 per cent • 
•of the zinc has been extracted when*the solution con¬ 
tains about 28 per cent add. The deposition process * 
is a continuous one with periodic changes of the electro¬ 
lyte. The curreht efildency of the electrol 3 rtic process • 
averages about 85 per cent. The zinc obtained by this 
• process is of high purity and soft. • 

,• . Nickel •*• • • 

• • • 

Improved smelting and refining methods have re- 
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suited in improving the purity of commerdal graded of 
nickd. Electrolytic nickel, avera^ng 99.90 per cent or 
better, is tiie highest grade produced ah a commercial, 
scale. This is espedally suited to the prdduction of 
alloys containing high percentages of nickel. It is 
available as "electro-squares" in a variety of conve¬ 
nient sizes. The ferro-nickel alloys containing large 
percentages of nickel are finding increased use in radio 
transformer cores because of their extraordinary 
permeability. 

Aluminum 

Figures have been published to show that the world’s 
production «f aluminum has grown from 24,000 tons in 
.1908, to 214,000 tons in 1927. Aluminum is typically 
an electroehemicaU product. At present two great 
outlets for aluminum and its alloys are in the manu¬ 
facture of automobiles and aircraft. It is said that, 
more than 30,000,000 aluminum pistons were made in 
1928. Alunjinum cylinder heads are be^nning to ap¬ 
pear. ^uminum jilloy frames for motor coaches are 
decreasing the non-profitable load of these bulky ma¬ 
chines. Aluminum crank cases and housings are 
already familiar. Light and strong alloys are neces¬ 
sary for airplane construction. The strength of a 
variety of these alloys is now very well known. The 


succeeded in introducing tjje electric furnace into glass 
and porcelain industries. 

In the casbide industries,- the desire to increase the 
unit by increasing the ampere input at 100 to 200 volts 
has met with difiiculties and the electric fujuaod engi¬ 
neer is confronted with the problem of hpw to overcome 
these limits of desigir without increasmg voltage. At 
25 to 60 cydes, the jfresent electrical equipm^t will not 
permit of commercial operation beyond 3000 amperes 
per furnace unit. 

A numj)er of electric fuma,ce installations has 
been recorded in different parts of the world for the 
production pf phosphoric acid and potassium phos¬ 
phate. There is every indication at the present time 
that the electric fumape will eventually di^l^e the 
sulphuric acid process in the manufacture of phos¬ 
phoric acid. A noteworthy event has been conomer- 
cialization of the electric furnace for smelting zinc f]^m 
its ore. At one plant a furnace turning out 50 tons of 
pure spelter per ^y has been reported. 

The largest peace-time electrolyte alkali-chlorine 
plant has been put in operation m the vicinity of 
Charleston, West Virginia. This locality is rapidly 
becoming a center of electrochemical industry. 

Batteries 


'\ 
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fire hazard in the airplane has been reduced and 
quantity production as in the ease of automobiles has 
become posable. A new material called "aldad" 
whi<h combines the strength of duralumin and the re¬ 
sistance to corrosion of pure aluminum seems destined 
to become important in many fields. Aluminum which 
at one time was considered a material chiefly for cook¬ 
ing utensils, has thus found a wider field. Aluminum 
cooking uten^ continue to increase, but as an outlet 
for this metal, this applicatidn is pvershad6wed by the 
newer uses in airplanes, automobiles, trucks, railway 
cars, furniture, roofing, decorative eastings, and foil 
which competes with tin. 

• . Electric Furnaces 

In the dectric funmce industry there has been a de¬ 
cided increase in the use of the high-frequency furnace. 
These furnaces, using a motor-generator type of equip¬ 
ment, have enWed the field of silver melting, and it is 
reported that 3.76 Idlograms per kw-hr. can be 
mdted.with this form of equipment as compared with 
2.9 kilograms per kw-hr. for the earlier t 3 T)e 
operated by an oscillator. The high-frequency furnace 
is well ^tabhshed-in the non-ferrous fidd, and it seema 
likely that it will find use in the sted foundry as a con¬ 
venient means of holding the heat. A largb number of 
dectric furnaces, mostly of the resistor type, has been 
installed for the nitriding processes for sted. A very 
hard surface is obtained similar* to that produced, by 
case hardening but superior income respects. * 

CJCTamic engineera'hqye accom*plished muoh after'; 
years of experimentation and many failures, and have 


In the battery fidd, the production of batteries for 
automobiles has continued to increase, the number 
produced yearly being variously estimated from 11 to 
15 millions. Since the standard specifications were 
adopted for them several years ago the quality of dry 
cells has increased and a propo^ to materially increase 
the minimum requirements for the various sizes and 
kinds is now before the Sectional Committee on Dry 
Cells. The dry-cell industry has felt the inroads 
of the a-c. radio sets, but it is likely that a large 
number of battery se;ts .^will continue to be used. 
In the field of smaSl rectifiers, ‘the most” important 
development has been'the' copper-copper'^oxide type 
which has displaced many of the dectrolytic types. 

Electrochemical BESEARci 

Iifteresting results are being obtained in. the study of 
the nature of conduction found .in dielectrics an<3 par¬ 
ticularly in insulating oils. This field of research re¬ 
quires a knowledge of both electrical and chmnical 
processes. Relationships have been fotmd between the ' 
variation of ccsadiictivity with time, the accumulation 
of space .gharges, and the final dissymmetry of the po¬ 
tent gradient. • ' 

• A new material of extreme hardnqss for machiue 
cutting tools has bwn placed on the market under the 
nanje of “carholoy.’" It consists of tun^en carbide 
and cobalt* The carbide is extremdy hard and the 
cobalt increases the strength. 

The deAands of industay for new and'pure materials 
has encouraged the development of"dectricgl proc^ra. 
Rarermetals have been prpducedby electrolytic methods , 
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and these are gradually coiaing into the field'*of tech- revealed surprising changes in their and 

nology. We can not anticipate the uses that they may chemical properties. Electric- furnace products bear 
ultimately find’in the s^ce of manland'but the ex- the;brand of superior quality and by the use of electric 
perience with others whieh*we how regard as common heating mariy-improvements have been made in working 
indicatbs that uses rapidly arise when such materials conditions. • , 

become available conunercially.- The further purifica- The Committee wishes again to acknowledge ‘the 
tion of the more*con^on met^ ^d the elimination of helpful cooperation of Professor Colin 6. Fink, Secre- 
almost tte last fractional percmt of the impurities has tary of the American Electrochemical Society. 


Ar Economic Study of an Electrical 

. Distributing Station 
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Synopsis* —This ^aper outlines some of the physical reasons 
and economic advantages influencing the establishment of Wash^ 
ingion Park Distributing Station of the Commonwealth Edison 
Company of Chicago, '* 

This station is located at the electrical center of the load which it 
supplies. It receives energy at 66 kv, from an outlying generating 
station^ State Line Station, The voltage is reduced at the distribut¬ 
ing station and fed to a number of substations at 12 kv. 

The past practisepf this company has been to feed the substations 


at 12 kv, directly from genefating stations. However^ a study 
indicated several reasons for discarding the practise in this case. 
The main physical reasons were the congested c'^ndition in the 
underground cable system surrounding Calupiet Generating Station 
and the distance from Calumet Station to its dependent substations. 
The economic advantages consisted primarily of the decrease ^ 
transmission line costs due to the location of the distributing station 
at the center of the zone load and the savings resulting from the^ 
use of 66-kv, instead of 12-kv. for the primary transmission system. 


> - 

* ♦ 

T he subject matter contained in this paper is con¬ 
fined to ^ study of the transmission costs incident 
to the establishment of th% Washington Park 
Distributing Station of thfe Coftimonwealth Edison 
Company of Chicago,^ 

A distributing station Offers from a generating station 
in that it receives ^lectrical enesrgy^over transmission 
lines instead of'producing thS energy by means of 
generators. The energy is usually transmitted to the 
station at a higher voltage ^ni^ distributed from the 
^ statioil at h lesser voltage a number of adjacent 
substations.'* ^ '• 

The three-phase^ electrical system supplying energy 
to the distributing starfion may be termed the primary 
transmission system and consists in this case of tlpee 
singlejconduetor 750i000-cm., 66 -kv. cables. The 
• three-phase system, donveying energy from the distrib¬ 
uting station to the substations may be termed the 
secondary transmission system, and the^ feeders are 
in this case three-conductor, SOOjOOO-cm., Ifi-kv. cables. 

A map of the City of Chicago, showing the various 
generating, station^, Wasljington Park Distributing 
Station, and the substations receiving energy from the, 
distributing an* generating stations is given in Pig. 1. 
The various zones or districts fed by the generating and 
distributing stations are also outlined on the map. 
As the generating stations must be located cm property 

1. Assistant ^lEngineer of Distribution, '•OoiimonwJ&lth 
Edison Co., Chicago, Bl. * • 

Presented^ai^the Oread La^es District Meeting of the A, I, E., 

• Chicagoi III,, Dec, 2-4,1929. Printed complete herein. 


accessible to water for condensing purposes, they can 
seldom be located at the electrical center of lc!a<| for 
thei»-respective zones. * 

Table I and Fig. 2 show the load in kilowatts for the 
various station zones from the years 1920 to 1928, 
inclusive. 

In the case of Calumet and Fisk-Quarry Stations, the 
zone loads now exceed the generating capacity and part 
of tihe energy is supplied to these two zones from 
State Line Generating Station by means of 66-kv. 
underground transmission lines. 

The distribution of energy in the Calumet Station 
zone has introduced certain physical and economic 
difficulties; first, due to the high cable temperatures in 
the underground conduit ^tem" resulting from the 
large number of heavily loaded cables radiating to the 
west and north of the station; and second, due to the 
length of the 12-kv. secondary trjmsmission lines 
from Caliunet Station to the various substations in 
the zone. 

* The number of 12-kv. underground cables at Calumet 
Station is designated by tiie figures shown on the con¬ 
duit line in Fig. 3. * • 

Due to the fact that a considerable portion of the 
zone load is brou^t into tiie district at 66 kv. and not 
generated at Calumet Station, it was proposed that a 
new station be established at the electriesQ load center 
•of the northern half of the Calumet zone for the pur- 
^ ^ose of receiving eqergy*from S^te line Station .at 
‘*66 kv. lind’ distributing it to'the,various substations 
at 12 kv. 
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TABLE I * * ^ 

<5ROWTH OP eOJQYOLB ZONE LOAD AT TIME OP SYSTEM MAXIMUM 


• 

1920 

Kw. 

1021 

Kw. 

1922 
. Kw. 

. 1023 
‘ Kw. 

-•—w 

1924 

Kw. 

.1926 

Kw. 

1926 

Kw. 

1927 

Kw. 

1928 . 
Kw. 

r 

Northwest. 

50,QP0 

6P.000 

81,430 

91,000 

84.780 

101,850 

118,210 

128,922 ' 

-143,260 ^ 

Pisk-'Quarry.. 

140,000 

122,000 

155,200 

01,980 

112,986 

136,276 . 

14Q,220 

190,840 

177,723 

Crawford... 




53,920 

80,350 

103,019|> 

158,020 

177,932 

218,777 

Washington Park. 


. 




• 



55.388 

Calumet. 


26,000 

38,770 

91,290 

101,187 

. 141,886 

*’^159,000 

172,952 

123,880 

Total... 

190,000 

213,000 

276,400 

328,190 

379,302 

483.030 

676,450 

670,646 

'719,028 - 


' A preliminary study of the secondary transmission 
cables on the 12-kv. system expressed in circular-mil- 
feet per kilewatt, showed that a 10 per cent reduction 
•in this ratio could be effected for the entire Chicago 
area by the establishment of Washington Park Distrib¬ 
uting Station. ^ 




Fig. 2 —Growth op Zonb Load for the Years 1920 to 1928, 
Inclusive 


i STATION 
N 

-DUTUNIOfENE 


Pig. 1 ]Map op Chicago Showing the Location op Stations 
AND Substations ^ 



Eight substations were tentatively selected to form a 
zone load for the first year fot Washington ParkDistaib* ^ — Djagb^ of Uin>BBGROTiND Tbaksmission Cablbs at 

uiSng Statibn and fol- tte year 1928, the loa4 in this-. • .* Calumbt Statk^ " 

zone was 65|388 kw. * * TIw numerals denote the number of tlitee*phase 12-kw cables In each 

Table III shows the load on the eight substations conduit uift 


r. 
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selected for the years 1923 to 1928, inclusive, segregated 
under the three headings, four-kv., railway, and 
industrial load. * , * • 

Tlje average distance- from these substations to 
. Caluihet -Generating Station, weighted for load, was 

found to be 41,600 ft., while-the average distance to 

*< 


, TABfiB II 

•TRANSMISSION OOPPBB IN 12-KV. DIRECT TRANSMISSION 

Lines 



• 

LengtS 

circuit 

feet 

Copper 
Volume 
1,000,000 
cir. mil. ft. 
(one phase) 

• 

Peak * 
load 

1,000,000 
dr. mil. ft. 
per kilowatt 

1923 * 

1,961,882 

728,88^ 

328.100 

• 2.22 

1924 

2,202,663 

980,044 

379,302 

2.68 

1925 

2,376,617 

1,079,283 

483,030 

2.23 

1926 

2,887,780 

1,362,029 

676,460 

2.36 

• 1927 

3,183,648 

1,605,647 

670,646 

2.24 

1928 

3,118,^95 

1,483,448 

719,028 

2.06 


Washington Park Distributing Station, weighted for 
load, was found to be only 8690 ft. represented 
a marked decrease in the amount of cable necessary, 

• * TABLE m 

GROWTH OP PROPOSED WASHINGTON PARE ZONE LOAD 



1923 

1924 

1926 

1926 

1927 

1928 

HydePk.,•. 

11,600 

10,400 

9,880 

8,900 

7,430 

8,100 

Prairie. 

6,180 

4,920 

6,890 

6,630 

4,900 

6.740 

62nd St. 

9,100 

7,820 

» 8,826 

9,270 

9,400 

10,200 

Harper. 

• 

3,669 

4,460 

4,S00 

6,300 

6,210 

66th St.. 

10,720 

9,320 

9,600 

9,660 

7,660 

7,360 

liowe. .. 

» 760 

3,100 

4,630 

3,960 

6,360 

7,400 

Total 4-kv.•. 

37,360 

39,220 

43,176 

41,700 

40,960 

44,000 

62nd Railway.. 

5,760 

6?lS20 

4,140 

4,130 

4,070 

4.068 

B. 63rd Railway.. f . 

• 


1,970 

2,670 

4,000 

3,370 

Total Railway.......?. 

6,76<^ 

6^620 

6,110 

6,800 

8,070 

7,428 

• • • 


• 





Hyde Pk. Indus. 

^ . 

i 

• 

22 

666 

416 

104 

62nd Indus. . 


• 

149 

663 

‘446 

1,678 

66th Indus. 



307 

436 

1,148 

1,460 

Wash. Pk. Indus___ 



1 

•467 

725 

328 

Total Indus. 



1 478 

2,211 

2,734 

3,460 

Grand Total. 

43,120 

44.740 

49,763 

60,711 

61,764 

64,888 


and formed one of the main economic factors leading 
to tiie construction of Washington Park Distributing 

Station. * • 

• ^ 

The following cost data were used in malnng the • 
study: 

12-kvT three-conductor*cable.$1.96 per ft. • 

66 -kv. single-conductor cable^. 2.64 to 3.07 per ft. • 

Conduit per duct. 1.00 per ft. 

Due to. the fact that the energy for this, zone 
is brought to it at 66 kv., it would, have been 
necessary to install switdung equipment, transformerst 
and the neceSsary.buildings either at CSlumet or Wash¬ 
ington Park Stationsy>and the cost of th^e was assumed 
• • • 


to' be the same whether installed at one point or the 
other. 

The cost per kilowatt of the 66-kv. primary trans¬ 
mission lines, with the necessary conduit from Calumet 
Station to Washington Park Distributing Station, was 
$11.40, and the total cost allocated to the Washington 
Park Distributing Station plan, based on the load of 
55,388 kw., was therefore $630,000. The cost of 12-kv. 
secondary transmission lines and conduit from Wadiing- 
ton Park Distributing Station to the dghU substations, 
was $220,000, making a total cost for this plan, of 
$850,000. 

The cost of 12-kv. secondary transmis^on lines and 
conduit from Calumet Station to the various sub¬ 
stations, assuming Washington P^k Is not to be buil£, 
was found to be $994,000, making a difference- of 
$144,000 capital investment in favoroftheconstruetion 
of Washington Park Distributing Station. 

This saving is due primarily to the development of 
66 -kv. underground cable and the greater economy of 
transmission at this voltage over the use of 12-kv. 
cable. , 

It is proposed to put additional substations as shown 
in Fig. 1 in the Washington Park Distributing Statihn 
zone during the years 1929 and 1930, thereby increasing 
the zone load, and also to establish additional distrib¬ 
uting stations in the central and northern sections of 
the city, when economic conditions warrant. 


• 

ATOMS NOT LIKE SOLAR SYSTEMS 

As every modem school child knows, the atoms of 
matter which were thought indivisible even 30 years ago 
are now considered to be eomplicated agglomerations of 
positively* charged protons and negative electrons. 
But the manner in which the structure of the atom iif 
visualized has changed vastly during the past few years. 
The modem physicist has discarded the entire picture- 
theory of imagining the atom as a small replica of the 
solar system. 

These facts were stated at a recent meeting of the 
Detroit Section of the Society of Automotive Engineers 
by Professor Vladimir Karapetoff, of Cornell University, 
who pointed o\it that when physicists endowed an atom 
with the central nucleus and imagined electrons like 
little spheres revolving around that central nucleus, 
what they did was not different in principle from the 
process whereby the primitive man creates his god in. 
his own likeness. They knew the solar syst^ was so 
mpide, so l^hey put it in the atom. This method worked 
well enough for hydrogen, composed of only one nucleus 
and one electroh; but the complexity of the atoms of 
the very heavy chemical elements spelled the- death 
knell of the picture fheory of the atom and the attempts 
to express the motion off approximately 92 electrons by 
equations and to solve these equations. * 
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Current Transformer Excitation 

Under. Transit Gonditioms 


BY D. E. i^RSHALL* and 

. * Associate, A. T. E. B. 

Synopsis.—Testa of circuit breakers, relays/and similar devices 
in which current transformers have been used to step down the large 
currents involve^, to values measurable by the oscillograph, have 
shown peculiar errors in the records during the transient portion 
of the current wave. 

The purpose of this paper is to show that the abnormal excitation service, 
of the magnetic circuit of the current transformer required during 


P. 0. lANGGUTH* 


Associate, A,, I. 

f 


S. B. 


tranaimt eoTidUiona is the*causf'oJ these errors, and to poirU out how 
the errors may be minimized aufflkerUly to be negligible. r 

MathenMcal expressions are also derived to make it possible to' 
predetermine the ability of a transformer to handle transients 
correetly and to be a guide in the design-of transformers for this 


T his pap@r is closely related to the problem of the 
measurement of transient alternating currents, 
When certam apparatus ^uch as circuit breakers 
are subject to short-circuit tests, it is desirable to have a 
correct indication of current during the transient 
condition. , 

In the past, two methods have been used for measur¬ 
ing heavy transient currents; namely, the non-inductive 
shunt and the current transformer. Considerable field 
testing has demonstrated that these methods have in- 
trodu<^ difficulty under some conditions. When the 
shunt is used, it is of course necessary to insulate it and 
associated oscillograph apparatus from ground to the 
extent o| full-line voltage. Furthermore, non-inductive 
shunts can be used only with non-inductive measuring 
d^c» and therrfore cannot be used with the currmt 
^il of watt oscillograph elements, which are highly 
inductive, for the measurement of instantaneous power. 
Even with resistive burdens inaccuracies will result 
, due both to self-inductance and mutual inductance on 
•multi-phase set-ups. • 

The use of the current, transformer for the measure¬ 
ment of transients imder certain conditions has resulted 
in some inaccuracies. In this paper effort has been 
made ter determine the causes of the errors which occur, 
the ex^t of the errors, and means for elimination’ or 
m inimiz ation. Tbe causes of the errors are first briefly 
outlined. A discussion of the practical importance of 
the OTors is given as is also mathematical expositon 
of the theory including the formulas for dpaignmp 
transformers having suitable characteristics for the 
measurement of transients. A number of oscillograph 
^ records amplifying and checking the theory is pre- 
smited; and finally^a method is given for testing trans- 
-form^ -to determine their suitability for use under 
transient conditions. . 

■> The aut hors are indebted to Mr. J. p. Peters for 


constructive criticism, and to Mr. L. R. Smith for as¬ 
sistance in conducting the tests. 

Outline of Causes op Ebroe&and Theeb 
Chabactbeistics 

If the circuit in which the primary of the current 
transformer is connected contains both resistance and 
inductee, the currmit flowing in that circuit just 
after its switch is closed will not assume alwa 3 ^ im¬ 
mediately a pure sinusoidal wave form, but will be dis- 



Fig. 


•Weatinghouse Eleo. & Mfg. Go., Bast Pittsburgh, Pa. 

ofaTT^v of lAl Middds Eastern Distmet 

J^py4o^r^ (Complete 
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TiMe iN^imos 

1—Tb^SUNT CvBMlillT fob iNDtf CTIVJS ClBOJTIT BaviNG 
Time Constant (J‘.(]g04 at 60 Cycles ^ 

(A) ■» Asymmetrloal current wave 
• (B) * Displaced zero aids 

K ^ 

placed from its normal zero axis in a manner ain^ilar to 
the ctt^t curve shown in Fig. 1. (Eq. (4) pf complete 
paper.) , f 

^ This asynunetay rapidly decreases and in practical 
cneuits disappears in about 3 to 16 cycles of 60-cycle 
ciOTent. Th^ d^ee of asymmetry depends on the 
* voll;p.ge wave at which the switch is closed. 

The cuirent wave is practically noimal if the switdi is 
. do^d when the voltage is at*its maximum an9 may be 
entirdy above or below tiie zero line, if the switdi is 
do^ed at the zero of the voltage wave. ' The point on 
the voltage wave at which the switch is closed is usually 
a matter of (ffiance, although it is sometimes argued that 
^inasmuch as in high-voltage circuits the current might 
start«before the switch is completely closed, the first 
••case is the More probable. Thps m the majority of 


29-144 


, - 't 
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cases, the transient will be eomparatively slight. ’ (Pig. 
1 is calculated on the basis of a closure under the worst 
possible conditions.) ‘ . . * • 

Thp important thing to .appreciate, so far as this paper 
is concerned, is that this dissymmetry is quite likely to 
occur just aft» the switch is closed. The paper there¬ 
fore treats of the effect of the di^ymmetry on the mag¬ 
netizing cuirent and the resultant error in a current 
.transformer under such transient conditions. 

The error is due to the over-saturatioh of the trans¬ 
former which is caused by the d-c. component of the 
assmimetrieal cifkrenf. This condition is of course ag- 
grava^ if the secondary burden is excessive. The 
error in transformation also will vary depending upon 
the amount of residual magnetism and its polarity with 
respect to that of the d-c. component. For this reason, 
in tests where ^accuracy is essential, the transformer 
s^cted for use jp measuring transients must be de¬ 
signed for a low degree of saturation at the burden to 
be imposed, and must be demagnetized between suc- 
. cessive heavy shots. On tests which do not come up to 
the knee of the saturation curve, the residual will prob¬ 
ably be so slight that demagnetization will not be 
required. 

A complete mathematical exposition is included in 
this paper and wall be printed in full in the Transac¬ 
tions. The equations and the data indicate that the 
inaccuracies of the current transformer during unsym- 
metrical tradsients are caused by the large flux required 
to generate the voltage necessasy to rej)roduce the 
transient in the bmden of Ae traiSisformer. The maxi¬ 
mum^ yalue of transient flux is dependent upon the 
magnitude of the current, the duration of tiie transient, 
the design of the transformer, a^ the secondary burden. 

A series of te|ts was made to check and amplify the 
mathematical iheory and the data thus secured are 
given^under the heading of lesi Qata in this paper. 

Eractical Importance op Errors 
As these errors are caused by the diss 3 n^etry of the 
primary current whicJjTis dependent on tlie cyclic time 
of closing the switch,* their appearance is rather uncm*- 
tain, but always possible, and may cause erroneous 
conchisions bn an important test. 


reached a steady-state condition before arcing starts. 
Even though .this condition has not been reached, the 
r. m. s. current of the first half cycle of arcing is usually 
det^mined from the crest value, ^th due allowance for 
the displac^nent of .the neutral axis, on the assump¬ 
tion that the wave is of sinusoidal shape which partially 
corrects for the OTor but always indicates a lower cur¬ 
rent than actually occurred. 

In oscillograph testing, however, the accuracy re¬ 
quired is not of so high an order as required for cur¬ 
rent transformers used with watthour iheters; hence 
the allowable flux density is higher. The oscillograph 
burden is lower than the usual burdens.^ These two 
factors tend to compensate for the high value of 
transient flux required, thus malyng* the problem of 
applying or designing a suitable current transformer 
less (fifficult than might appear. 

The only competitor ftf the current transformer has 
been the non-inductive shunt. This method, however, 
presents difficult insulation problems, as the oscillograph 
elements must be directly coimeetecf to the highVoltage 
lines.* It should also be fully appreciated that a ncgi- 
inductive shunt is only allowable for use with non-induc¬ 
tive burdens. It must alwa 3 ^ be of the same t i mp 
constant as tire burden. This effect is ‘not serious for 
straight current-measuring oscillograph elements. Watt 
oscillograph elements, however, having current coils of 
rdatively high inductance, cannot be used with non- 
inductive shunts. • , 

The current transformer works better, if anything, 
for inductive than for resistive burdens, and may be 
used for any type of element. ‘Against the disad¬ 
vantages of demagnetizing transformers may be set fie 
added safety to operators,, the lack of necessity of in¬ 
sulating the operatoy and Instrument from ground, and 
the possibility of using theJ^ransformers supplied in the ' 
apparatus under*test instead of special equipment. 

Mathematical Exposition 

If the primary current is unsymmetrical, it hiay be 
represented by the following equation as given earlier 
in the paper: (See Fig. 1.) 


The noagnitude of these errors is generally compara- * = I [sin (w f -f- a) — sin a e ^ ] 

tively sli^t, although on extremely heavy short cir- jf this expresaon is substituted in (IS) tibe equation 
cults of a high degree of asyoftnetiy, with a particularly for the magnetizing current will be found to be: . 
unsuitable transformer having, a h^vy secondary , 
burden, the degree of over-saturation may be so great v 
as to cause an erronof, roughly, 50 per cent in the r. m. s. . ‘ 
value of the first current wave. The most noticeable. 


■s/R^ w* 

Ri ■\/l “t" CO* Ti' 


£/ 2 r* 

= [ sin (CO a-F «^- A) 


effect of the efrors is the distoftion of the secondary _ . tS Li - R 2 T . , -jr 

current wave shape rather, than serious diminution*of , J+ 2 ?^ -e *) 

the crest value. 


In most cases the error thus introduced is compara- _ ^ Li+Li , , ctfLs, ™ 

tively unimpqjtant except in the cases.of iigh-speed * i^an ^=-^^tan A = ri co; (ii = 0), (i«=0). 

relay operation alld watt oscillographs. • The great .-• , • • * * • 

majority .of tests to cfetermine rupturing capacity of '_* * . (1®) 

circuit breakers are so made that the current has 
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U we substitute in Equation (16), Lj = 0, sin a =' 1, where as brfore, « 

which causes maximum primary transient),, we have: 

it = I [ (« t - tan-* . 0 ,' T{) ' ' transient, 

and I = maximum value of .the steady*@tate primary 


T — — eTi "1 

~ r_ r, ^ +1 + CO* Ti^ J 


-t 

€ jT 


current 


(18) 


Te^ Data 


m 

which gives the shape of the magnetizing current as a 
I/i 

function of (Ti) = This factor is easily calcu- 

kited from the magnetizing current—^voltage character¬ 
istic of the transfiermer, and the total secondary 
re^tance. ^ 

Maximum Value of Trarme%Fhtx. As given before, 
the transient term may be represented by Equation 
(17): 

. -< » -t 

A e T - (A + B) €~ = u 
where u represents the transient portion of the magnet¬ 
izing current. Differentiating (17) and equating to 
zero, we find that 


= log. [ -|r 


A -h^J 


T Ti 
"in -T 


(19) 




-4 


Ti A yx 
T A+b} 


_-Ti 

-T 


As a check aa tiie theory, a series of tests was made 
on several athrough type current, transfprmers. For 
the purpose of separating the exciting current com¬ 
ponent from the primary current, u scheme shown in 
Fig. 10 was used. A primary circuit was set up to have 
definite pre-determined .values of resistance. and in-" 
ductance such that transients of definitely known 
time constant (T) could be obtained., To obtain the 
total secondary current and the total^rimary current, 
non-inductive shunts were used in parallel with the 
oscillograph elements Yi Vi' A combination 
of three shunts of equal value was used in the differen¬ 
tial circuit with oscillograph element Vi for the purpose 
of obtaining the difference between the primary and 






which is the time at which the transient term reaches 
its maximum value. 

Substituting this* expression in Equation (17), we 
have for the maximum value of the transient magnet¬ 
izing current: 



PRIMARY TRANSIENT 

, r-A, CIRCUIT CXmrANTS > 4 « 

/\ 

HANDOPER, I—oyooao 
OILOR.'BKR. .> 




XTESTTMHSIWIMm 




,o y. Jshunt^ 

AAWWW 




^amiRT BURDEN 


• • « 

Fia. 10—Schematic Diackam pr Transient Tesijtng Circuit 


- (A+B)[ 


Ti A 
T A+B 


] 


-r 
Ti -r 


( 20 ) 


By substituting the values of the constants of 
Equation (17) in the above Equation (20), the correct 
maximum value of the transient magnetizing current 
will be obtained. , 

For design purposes Equation- (18) is accurate to 
a high., degree. Sy taking the coefficients as given* 
^CTe and substituting in (20), and by the use of a 
justifiable assumption, the following simpfer equation 
for the maximum is derived: • 


rTi 




( 21 ), 


secondary currents. As the ratfo of the transformer 
is 2 to 1, and as the resistance of element Yi is In'gix in 
comparison with the resistance of the ^unts^ the 
deflection, of the element Vi will" be proportional to 
the difference between the primary and secondary 
currents, thu§ giving a measure of the exciting curraat 
or instantaneous error of the transformer. 

The transfoftner used for these tests was of ring 
type, constructed to fit thq standard 37,00(Jk-volt con- 
.denser type bushing having design constants 

a. Secondary turns. . . 100 

b. * Core diameter inside.4^ hix 

c. Core.diameter outside. .*..6)^ in. 

d. Core cfoss sectional area.4.26 sq. in. 

’ e. Secondary, resistance.0.1668 ohms. 

.. f. Saturation characteristic (referred to secondary). 


't 
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Amperes 

Volts 

0.-2 

32 

0.6 • 

73 . 

1.0 

90 . 

2.0 •• 

99 

8.0 

112 


• 

By short-drcyiit impedance test of the transformer 
with wound primary, it was detefmined that the leak¬ 
age inductance of both pnmary and secondary is 
exceedingly small, (power factor 99 pot cent), thus justi¬ 
fying the assumption made in the theory of zero leak¬ 
age inductance.« 

To allow the usS of the measuring schejpe of Fig. 10, 
it was found necessary, to use relatively low values 
of current. Thus, to simulate the actual transformer 
performance under heavy short circuits, it was neces¬ 
sary to wind a primary of 60 symmetrically spaced 
t^jTQs on the transformer, thus giving the effect of 800 
amperes, (800 am{)ere-tums). 

Numerous tests were made under various conditions 
of circuits and transformer. 

The results of a few of the tests and their analysis 



» « 

The time at whieh the transi«it portion of the ffiag* 
netizing current should be a maximum is given by 
Equation (19), • Substituting>the value of Ti calculated 
abqve, liie.time obtained is 0.137 seconds. This time is 
indicated cfn. the film for comparison wilb the actual 
maximum as shown on the osciUograph. 

The maximum exciting current is given in perceiitage 
by the Equation (21), which, calculated for the 
above constants, is 4.8 per cent. From measurements 
of the oscillogram, Fig. 12, the secondary cjirrent is 11.2 
amperes and the maximum transient exciting current is 
0.45 ampere, giving a per cait maximuni exciting curr 
rent of 4.02. These values check quite closely when the 
errors in measurement and oscillograph calibration are, 

takm into account. . , 

• 

Method of Selecting SuitabBe Transformer 

• 

■W^ien a current transformer is to'be used for short- 
* circuit testing, before making tests, some information 
should be obtained regarding its adaptability foi* use on 
transients. It is a relatively simple matter to test a 
current transformer to determine its suitability for 
measuring transients. The first operation necessary 
is to obtain the saturation curve of the transformer 
' by taking readings of volts and amperes into the secop- 
dary with the primary circuit open. Then the resis¬ 
tance of the secondary may be measured with a small 
testing set, to which should be added the oscillograph 
shimt resistance. (Designate this sum by Rt.) Using 
values up to the knee of the saturation curve, divide 
each voltage by the corre^onding current and ohJain 
an average of these results for a value (Zi ). The factor 
Ti may be calculated from the following formula: 

ijt _ 


Fig. 12—Oscillo^bam op 00 Transient with Oscillo- 

^ . GRARH AND SbullT PtJRDBN 

• * • * ■ 

are given individually in the form of oscillograms. 

The oscillograqi, F^. 12, was taken with the trans¬ 
former thoroughly demagnetized, and approaches closer 
to the theoretical curves than any of tiie oscillo^ams. 
Thewprimary current is identified as Ip, the secondary 
by I,, and the differential or exciting current by /*•. 
The transient portion of the magnetizing current is 
well above the zero line. This cWrent ,gradually dies 
down to a steady state of very small amplitude sym¬ 
metrical with reject to the zero*line. ■This film should 
be compared wi^ Figs. 1, 5, and 6 of the complete 
paper. 

The power factor of the primary circuit is 6.77 pot 
cent, which corresponds to a time constant (T) of 
0.0447. The total secondary circuit resistance includ¬ 
ing osdllpgraph shunts is O.'SO. Since the*eseiting cur¬ 
rent of the transformer is one ampere at 90 .volts gn the 
‘Tnee” of the saturation curve, we can^ determine that« 
the average value of (TO in Equation (18) is^ 0.7961‘ 


Calculate the time constant (T) of the primary circuit* 
as the ratio of ftidiictance to resistance of the primary 
circuit. Knowing (Ti) and (T), the ratio of maximum 
transient exciting current to maximum secondary 
steady state current can be exterpolated from Fig. 8, 
or calculated from Equation (21). This ratio gives 
directly the percentage maximum error due to the 
transient in instantaneous values of secondary curr^t. 

Dividing the r. m. s. exciting current just below 
saturation as obtained from the saturation curve, by 
tiie above ratio, will give the r. m. s. value of steady- 
state secondary current which the transformer is 
capable of handling without excessive errors due to • 
saturation under tiie given transien1w;ondition|. 

If the percentage error is within the limits of accu¬ 
racy desired, and if the current to be measured is not 
greater than thi amount'calculated above, the trans-* 
formers hould be satisfactory for use in that transient 
test. The authors’*experience has been tbzCt the Cali¬ 
bration and measurentent of .ejgdllograph films ^give 
resultb of an average accuracy of ±5 per cent. The 
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should bo of about tie same orda- of seeiuan^ded burden to.tbe complexities of oseillo- 

is esaly done by armSo* 

circuits to allow them to be switched easily from tiie ' " 
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oscillograph elements to a source of alternating current 
of a value comparable to the saturation current ob¬ 
tained previously. This current should then be 
reduced smoottly to zero by the use of slide wire resis¬ 
tors or their equivalent. In general, if the source of 
power is 110 volts, two resistances will be required in 
a * series; one of the magnitude of 0 to 50 ohms and the 
. other from 0 to 500 ohms. The first should be of suf¬ 
ficient ^pacity for saturation current, and the second 
should introduce enough resistance to reduce thCiCur- 
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annual report of committee on transportation*. 


To the Bowrd of Directors, 

Following established precedent, your Committee 
submits a brief review of the year’s development in the 
apphcktion of electricity to transportation. 

Steam Railroad Electrification 
Pennsylvania Railvoad. The Pennsylvania Railroad 
has completed the electrification of its suburban service 
from Philadelphia to Wilmington, Delaware, on its 
, inam line to Washington, and to West Chester, Pa., on 
i e Wawa Branch. The 11,000-vcfit, 25-cycle, single¬ 
phase sjretem with overhead catoiary, psed is in ae- 
^rdance with the original electrification work on the 
Pennsylvania in the vicinity of Philadelphia. 

Of far.greater importance, however, is the 
pro^am and actu^ starting of work on the electrifi¬ 
cation of the entire road train service, freight and 

^enger, between New York and Wilmington. 
Delaware. 

The project covers the passenger and.freight service 
^ 825 rm. of line and 1800 mi. of track, beginning at 

connection is 

- New England, and extending west and south * 

to W^gton, west from Pluladelphia on the Main 
Me m the directl&n of Hairisbuig as far as Atglen. 
and^jow grade freight lines which join at Columbia 
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Pe^Ivama, and connect the cities of New York. 
Philadelphia, and Wilmington with the West, 

Work is already under way on the 182,000-volt tran- 

m^on Ime througlv Philadelphia for the extension 
to Trenton. * «» r 

Grm Northern Railway. The Qreat Northern, Rail- 
vray has completed and placed in service the extension 
of the present smgl§.phpse electrification through the 
MW tunnel from Scenid to Bmie anfi then east to 
Mtenatchee. This ^uired the abandonment of-its 
old hne ^m Scemc tg Cascade^ Uirough the snow 
sheds, whidi electrific&tioR.was completed about'two 
years ago. » ' <- 

All tr^c is now handled between Wenatchee and 
Skykomish with motor-generator Jocbmotives having 
d-c. fraction motors, the overhead contact system 
suppltmg energy at 11,000 volts, 26 cycles, single-phase. 

Bosm, Revere Reach & Lynn Railroad. This namw 
ga,^ line has completed its electrification of 15 route 
iBdM. uring ^(Kvoltr d-c..overhead catenary system 
With multiple-iimt operatione 

CUv^nd Vmm Termnta Comp^ In connectipn 
\mh tee building of a combined terminal station and 
^ce building in tee heart of the business district of 
Cleveland, it is necessary to handle aiDtrains electri¬ 
cally. Through passenger trains of tee New York, 
Central, C. C. C. & St. L., ahd N. Y; C. & St. L. will 
be so handled through tee 'city. It has been decided 
«o use 8000 ^olte direct current with overhead catenary 
,S3^em. Tii^n^-five 204-ton passenger nocomotives, 

^te a rating of about 3000 hp. each, have be^i ordered 
and active work on finKQ'te'Hftno QTirl _f_ a._ 
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started. Power will be j)urchasedJ[from 4:hd local 
power company. 

• Interurban .and suburban trains will,also use the 
station over separate traclm with 60’0-volt d-c. overhead 
trolley construction. 

Reading Company. The ilteading Company has 
started cbnstruction on the Philadelphia Subtjrban 
Electrification, which, initiaHy, ^11 include multiple- 
unit service from the termini in Philadelphia to Chest¬ 
nut Hill, Lansdale on the* Bethlehem Branch, Hatboro 
on the New jBlope •Branch, and Langhome pn the New 
York Brandi. This electrification was decided on not 
to meet any particular operating difficulty or mqnicipal 
requirements, but to furnish a better service at a lower 
■operating cost and with a hoped for increase in traffic 
and revenue. 

The initial iivstallation will consist of 60 route miles 
and 110 track ^ailes, and the 11,000-volt, 25-’Cyde, ' 
single-phase system will be used. 

Delaware, Lackawanna & Western Railroad. This 


tons each, equipped with .one 300-hp. Diesel engine 
with generator and d-c. traction motors. 

Eight locbtdotives witii the'same type of power plant, 
but in duplicate, (the locomotive w eighing about 108 
tons), are also in savice. This is in addition to the 
New York Central combination third rail, overhead, and 
storage battery locomotive equipped with the sa mo 
type of 300-hp. Diesel engine with generator for opera¬ 
tion off the trolley or third rail and for charging the 
battay. » 

The New York Central has recently accepted de¬ 
livery of a Diesel-electric locomotive for passeng^ 
service on its Putnam division. The engine is a four- 
cyde air-injection Diesel of the 12-cylindef V-t 3 T)e with * 
a full-load rating of 900 b. hp. On the same divisioil ' 
is also a freight locomotive witlf a six-cylinder 7^0- 
hp.^lid-injection Diesel. Electrical equipment covers 
a main generator and^ auxiliary generator direct- 
connected to the engine, four d-c. traction motors, 
control equipment air compressors, and auxiliaries. 


company is actively engaged on the design and con- Another manufacturer has suppKed the Long Island 
struction work covering the electrification of its sub- R* R* with an articulated locomotive for switching 
urban service with multiple-unit car trains from its purposes, equipped with two 330-hp. Diesel engines 
Hoboken terminal to Dover, New Jersey, via Morris- und dectrical equipment. The complete locomotivo 
town; also the* Montdair Branch and the Passaic & weighs 87 tons. 


Delaware Branch. The miming tracks between West 
End Junction and Kingsljnid afe induded in the 
program, as the inspection and repair facilities are to 
be located dk the latter point. Certain freight move¬ 
ments between Secaucus and Hoboken Yurds will be 
.made electrically. * * 

Power will be supplied through five substations at 
3000 volts, direct qurrent, to the catenary system. The 
program calls fjr the electrifit&ticfti of 150 track mi. 
of main line andi25 mi. of yards and sidings. 

City of Rochester. The city of Rochester has com¬ 
pleted and put in service a^ ^l&trified railroad through 
the dty, in the bed of the*6Id*Erie Canal, the right of 
way being purchasecj from the Statej A modem 
boulevard h£^ been Iguilt over the tracks for a consid¬ 
erable distance’ in the heart of the dty. 

The line js nine miles in length with two trad® the 
full distance, one additional freight track for seven 
miles, and two other freight tracks for miles. Inter¬ 
change tracks with steam railroads are provided. Fre¬ 
quent rapid transit cars are operated. ; 

The overhead constmction is'of th» catenary type 
using three wires with one contact wire. Inclined 
catenary is used on all cuiVes except the slight ones at 
station approaches. Operation,is at 600 volts direct 
current. 

DiESBL-EiiBcmc Locomotivbs 


The largest single-unit Diesel-electric locomotive 
built so far, however, is that purchased by tiie Canadian 
National Railways. It consists of two separate cabs, 
each cab containing a 12-cylinder Diesel engine pf the 
solid-injection type rated at 1330 hp. at 800 rev. .per 
min. Each unit weighs 325,000 lb., of which 240,000 
lb. are on driving wheels. The present gear ratio was 
laid out for high-speed passenger service. 

Otiier experimental oil-dectric locomotives of varied 
horsepower are in process'of development. 

GEa«»AL PUBTOSE LOCOMOTIVB 

• 

The Commonwealth Edison Company has ordered 
for trial what might be called a General Purpose Loco¬ 
motive. It will weigh 85 tons with all weight on drivers 
and is intended primarily for switching work. It can 
operate directly from the overhead at 1500, 760, or 
lower voltage. A storage battery having a capacity 
of 544 ampere-hours at the six-hour rate is provided, 
this battery to.be charged through a motor-generator 
set when operating irndw the wire, or from two 155-hp. 
gasoline engines driving generators. The engines can 
*be operated with distillate fuel. The four motors are 
rated at 260 hp. each, at 750 volts, one-hour rating. * 
‘This locomotive will be put in switcBing service on the , 
Illinois Central Railroad in the near future, for trial. 

Raii^Cars. Dibsel-E]:4E)ctbic • 


The development of oil-electric locometiVes using The Canadian Najlbnal Railways has in service 14 
prime movers of the Diesel type is continumgj,.A800-hp. • Diesel-electric rail cars, four, six, and eight*cylindCTS 
priine mover & mqgt in use to date, one njahufacturw .each, with a rating^ of ftom 200.to 400 hp. They,are 
having delivered 26 locomotives weighing about 60‘- continfdng the use of the Diesd type of motive power rail 
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cars and now have on order nine cars to be equipped 
with six-cyUnder engines, rated at 400 hp., each at 
900 rev. per min. * ‘ 

Gasounb-Elbctbic 

Over ^120 gasoline-electric rail cars primarily for 
branch line service were put in service during the past 
year. 

They vary in weight, and jJso in power from 200 to 
800 hp. in oqe- two- and three-unit power plants with 
individual engines rated up to 400 hp. The majority 
have single power plants with engines of from 276 to 400 

hp., the tendenqr in the last year being toward the uioM«,u<3,biuu oi ,cram control on some 

' coinpany is putting out power plants ^ Class 1 railroads, the orders' of tlie Interstate Com- 

, qf 185 hp. ea^, one, two, or three being used, depending ^^rce Commission have been complied with and there 
upon the weight’of a car and the desired iTftiior ino/i are now over 15,000 , track mi. and about 9000' 

locomotives equipped. In addition, there have been 
volimtary installations covering over $000 road miles 
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decreases/unning times between terminals with con¬ 
sequent savings. 

Between Stanley and Berwick, Ohio, on the New 
York Central Railroad, the_ principal switches, some 
80 ^in number, with all signals, are controlled frojfi one 
point. This covers 37 mi. of single track and three of" 
double track. f ' • ' *■ . 

There are over 20 histallations of vary ing 1<!>ngfh|a Jn 
service or on order, and the"use of this schemeisgjowing 
rapidly. , , 

, Teain Control. 

Covering the installation of strain control on some 
44 Class 1 r^oads, the orders of tlie Interstate Com- 


upon the weight of ^ car and the desired trailer load. 
The largest cars have two of the 400-hp. power plants 
and are in service on the Chicago, Rock Island,‘Smd 
Pacific Railway. • 

• Marine Propulsion 

The electric-drive airplane carriers Saratoga and 


Lexington broke all existing speed records for canital n Interstate Commerce 

naW dups in th* sea tri4. ST?”/?, <»‘“«=Plat«l, yet the Division of 

SQT^TVT VO _J-t- ^ ^.1. _V 1 . . 


na^al ships in their sea tri^s, 

.The use of turbine-electric drives for large ships and 
Diesel-electric drive for smaller ships, ferries, and tugs 
continues to grow. 

Car Retarders 

Refinements have been made in the design of both 
electre-pneumatic and straight electric car retardera 


and over 750 enginafa , 

The installations cover continuous control, inter¬ 
mittent control, and spe^d conirol. 

While no new orders of the Interstate Commerce 


for regulating the speed of being orated t a ^ ^ ^ considerable develop- 

humps to classificatimi tracks. “jPf.e'^.sync^nous selector 


W -- V 

humps to classification tracks. 

Where formerly all switches we« controlled from 
one central point by electropneumatic or electric 
switch machines and where .each cut of cars was ac- 
^companied by a car rider to cohtrol Jhe speed- of the cut, 
now a large ^d may be handled from separate towers 
ne^ the switches, each tower controlling a group of 
switches and retarders with car riders eliminated. 
Several such yards are in successful operation. 

R^io Communication 

Sever^ installationaof radio communication between 


^ety IS following up the whole subject and suggesting 
further installations where, in thrir opinion, conditions 
warrant them. „ 

Supervisory Control 

The use of supei^ory'eontrol in the handling of 
substation and switdiing station apparatus has con¬ 
tinued. The last year has seen considerable develop- 


and relay types, with initial installation of the first 
mentioned on the Cincinnati Street Rail^y System, 
and of tile second at the Grimm Avenue Substation of 
the Chicago Surface liqjes. 

I? 

Mercury Arc Rectifiers 
The use of merci^,a»c rect^ers has continued 
rapidly, there now beir\g in the United States in the 
vicinity of 40 installationsTor street railway, mterurban, 
and steam road electrifications/*^ These are arranged 
for manual, semi-automatic, anil* automatic control. 
The ^dency has been to increase the capacity per 


—-wiiijLuuuxuatiuii ueuween i. j_ • —-- 

locomotive, caboose, and station have been in successful ^ ofen to increase the capacity per 

operation. Apparatus as mentioned above is now pjT '*^^^®*“Sone^tallationbytheCommonwjpalth 

- .... w Edison Company in Chicago, hawng a capacity of 5000 

amperes at 600 volts in one bowl. This is an automatic 
station for railway use. , 

HUbn-SPBEp* Circuit Breakers 
The high-speed a-c. circuit breakers of both tiie 
air and oil type as mentioned in last yearis report 

patdiers control for this purpose. » Wilmmgton and West Chester extension 

It is now possible and pradacable to contoul Smgle-pljase dectrification. These 

cally from a central point all desiredswitchesandsignals mtermpt gort circuits in a half cycle 

oyer a considerable route mileage This arrauffeni^ 'k ^ ^ com:^able to the high-^ieed d-c. 

fadhtatee „he«h* L ^ 


available for radio communication between tra^ 
and between hump engines and the various control 
towers. • 

Centralebd or Dispatchers Control 
The imlroads aj® making great strides in the move- 
'ment of trains by signal indication only and have made 
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Progress in the Study of System Stability 


BY I. H. SUMMERS* 

*Member. A. I. E. E. 


and . J.B.McCLURE* 

* Associate, A. I. E. E. 


Synopsis. — Ii\ the second pari of this paper and in the appen^ 
dices, attention is given to simplified methods of treating the problem 
of system stability. Methods which bpve been found useful in mak¬ 
ing many system studies are recorded. These methods have had 
cormderable verification by tests both on a model system and on 
large operating systems and have been simplified Ho such an extent 
that many operating companies are now finding it to tlh^eir advantage 
to undertake the work of making careful studies of their own systems, 


just as they now make shyrt-drcuit^ studies which formerly were 
thought too difficult and too highly theoretical. 

The first pari of th^ paper gives some comments and conclusions of 
the authors and their colleagues as a result of many such system 
studies as well as studies involving more deiailed methods, and also 
as the result of practical experience through contcSbt with various 
operating companies. Some of these comments ajre based directly 
upon an example which is given in detail in Appendix I, 




Intboduction 

HE Kterature on Power System Stability is grow¬ 
ing rapidly, t It includes papers on theoretical 
metiiods of calculating stability, the observations 
of*actual systems, and on methods of improving sta¬ 
bility. This paper is intended to give the conclusions 
of the authors and their colleagues, based on many care- 
• ful system studies and observations and tests on 
actual and model systems. 

The conditions under which instability occurs may be 
classified as, 

Case.l. Unfler steady-load conditions due to in¬ 
adequate synchronizing power. 

Case 2. Under steady-Ibad Conditions due to 
hunting. 

Case 3. buring disturbances, particularly those due 
to short circuits. 

. Case 1. Various criteria have been developed to 
permit the d^ign of a system which will be stable under 
these conditions.!; i6 ,21 Continuously vibrating regu¬ 
lators are helpfuf in increasing the power limit, es¬ 
pecially when l3ie machine synchronous reactances are 
a l^ge percentage of the whole reactance. To allow 
for i^me.swinp’aad hunting, ^ power system must 
be stable .under steady-lqau conditions for a reason¬ 
able margin above the expected load; otherwise the 
system will be liable^ lose synchronisnf at any time. 
Therefore, ilo’systdn should be considered practical 
unless such a margin is established at the outset. Thus, 
in p«actise,*the problem reduces to the consideration of 
cases 2 and 3. * ’ 

Case g. This t 3 q)e of instability occurs principally 
at light loads and when the resistance qf the lines in¬ 
volved is high. Continuously^brating*regulators are 
apparently helpful in eliminating dSnger from this 
cause. • . . 

Case S. This is the type of instability which d^ 

' ^ • 

♦Both of the Central Station Engineering Dept., General 

Electric Company, Schenectady, N. Y.* 

tSee Bibliography. ^ • 

1. For,references see Biblio^aphy in complete paper. 

Presented at the Pacific Coast Convention of the A, I. E, E,p 
Santa Monica,* Calif^, Sept, S-6, 1929, Co*mpl^e copf upon 
request, ^ 
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mands most attention today. Faults iflay be con- • 
ductor-to-ground, conductor-to-conductor, two-con- ’ 
ductors-to-ground, or three-condudtors, short-circuit^ 
in tBe ordw of their severity. Experience indicates 
•that some systems subjected largely to one- 
conductor-to-ground faults, while others are subjected 
chiefly to two-conductor-to^ground faults. The char¬ 
acter of the fault, whether oneconductor or two- 
conductor-to-ground, has a decisive influence in the 
design of systems for stability at all times. • 

The effect of these faults is to throw an active and 
reactive load suddenly on the system and to reduce 
the s 3 mchronizmg power between machines. As a 
result, the position of the rotors of the machines in the 
system tends to vary, the variation being in general 
such as to increase the angular separation betvjeen the 
generators and motors. * 

An accurate analysis involves a step-by-step calcula¬ 
tion of the motion of each machine in the system, the 
principle factors involved being the line reactances, 
machine synchronous and transient reactances, time 
constants of the machine.field structures, governor and 
regulator actions, switching times, and machine inertias., 
Simplified methods of afialysis in certain cases are 
available.* 

The Rbiation op System Connections and 
Apparatus to Stability • 

An endeavor has been made to investigate the effects 
of various bus and apparatus arrangements in a t 3 q)ical 
transmission system which is required to withstand 
shocks ensuing from major switching operations and 
fault conditions. 

In Fig. 16 is shown the simplified diagram of such a • 
, ts^pical generating station delivering power over high- 
voltage transmission lines to a large interconnected 
, system which is represented as an, equivalent motor. * 
The generating station is assumed to consist efitirely of» 
waterwhed generators. The power is to be transmitted 
over 154-kv. li^es where two circuits are considered, 
and over IK^kv. lines where four drcuitsare considered. 
These ratios of voltages and number of circuits .are 
cfiosen in order that thg maximijm steady-state powers 
* *Se%Bibliography I and Appendis^s II and HI. * 
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espenence, a discussion of various factocs has been 
prepared, ©n account of space limitations, this abridg¬ 
ment includes only a few of the items presented in the 
complete paper. 

Apparatus 

(a) Generators 

Damper Windings, Damper windings have 
two effects: the first, a damping action, and the second, an 
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paper, imder Generators, with proper regulators both 
steady-state and transient power limits may.be rnateri- 
aJly increased. To aecQmpl^ this result it is n^essary 
that riie excitation systems be fast enough to respond 
sufficiently. The pfectie^ criterion of the speed of 
r^ponse necessary has been investigated and & tenta¬ 
tive figure of 200 volts per second deterinined.*>« Field 
t^ts should be made on an actual systan to verifv 
this decision. • » ‘ 

The^use of, the appropriate type of regulator tends 
also to prevent hunting, , 

(c) Nmtcd Impedance , 

The effect of neutral reactors is to lower the shock 
when faults involving grounds are considered. 

For conductor-to-ground faults the benefit is very 
great, and it is considerable for two-conductor-to- 
^ound faults also. Quick switching tends to reduce 
the ^m due to reactors, but even with 0.2 second 
^t(*mg time they still have a considerable value. 

1 he improvements which may be expected from the use 
of neutral reactors are shown in Figs. 6 and 7. 

The amount of neutral reactance is necessarily a 
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increase in fault current and shock to tfie system. The 
latter effect is due to the reduction in generator nega- 
tive-phMe sequence reactance. If the shock to the 
^tem IS relatively smal’, a slight increase in shock, 
bemuse of ^e reduction in reactance, will not be serious. 
It toe shock IS so ^ere that synchronism will be lost 
without damper windings, their presence cannot mgifo 
^tters worse. There will be a critical shock which is 
jTKt ^ea.t enough to cause instability when no damper 

^dmg isused. Calculations made on typical systems 

^ve mdica^ that with a shock of this magnitude, the « 
, benefid^ effect of dampiug exceeds the disadvanta¬ 
geous effect of mcrea^d shock. Furthermore, the ■ 
presOTce of damper windings produces a markedly 
ben^dal effect in extinguishing arcs more quickly, due 
-to the reduction in the recovery voltage. Therefore, 
the iKe of low-resistance damper windings on water- 
wh^ g^j^tors would, in general, appear desirably. 

“ deten^med after several swings. ' 
^eld teste are required to verify these data.' 

0 } ExtnUttion System! 
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Fob Diagrams see Fig. 2 
--Long lines 

• -- Short lines 
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• compro^e between gain in stabiUty, reduction in 
cncmt-breaker duty, reduction in current available for 

• actuating relays, reduction in telephone interference, 
^d an mcrease in phase voltage to ground during 
disturbances. 

Thg latter consideration becomes important in con¬ 
nection withjightning arrestds and overvoltage relays, 
studies have shown that when ground relays Reused, a 
reactdr of ^oift two and one-half ijp three times the 
toe reactance t>f the transformer is usually correct, 
to cases of suffident importance,''this figure should be 
checked by spedal calculation. The neutral reactance 
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PROGRESS IN THE STUDY OF Sy§TEM STABILITY* 


SO far discussed does not in. any way approacii the di- 
mensons of a Petersen coil, and therefore does not 
uivolve resonance phenoinena. The‘Petersen coil is 
merely a reactor which permits a reactive fault current 
§qual tp the line charging current-to-ground under 
fault conditions, and this reduces the fault current to a 
low value.*®* * In addition, it (derates to cause the 
voltage across the are to rec^yer slowly in ease the. arc 
js extinguished. When the arc extinguishes, both the 
voltage across it and the dielectric strength of the arc 
space begins to increase. The arc will extinguish per¬ 
manently if the recovery voltage am’oss it is always less 
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TIME OF CLEARING FAULT IN SECONDS 

Fig. 4r—P oVbr which may be Carhied Through a Two- 
Conditotor-to-Ground Fault Outside,the Generator Trans¬ 
formers Versus the Time op OteiBARiwo the FAtrLT 

• -Long lines, mid-sectionalizing bus 

-]x>ng lines, no mid-sectionalizing bus 

A and C .High-voltage Busses 

B and*Z).Low-voltage Busses 

• • 

than its dielectric strength.®^ Thus the magnitude of 
recovery voltage is a measure of arc stability. The 
magnitude of the reeoyery Voltage in the first quarter 
Cyde depends on the degree •‘tuning” and is propor¬ 
tional to the ratio of fault current with the Petersen coil 
to the fault current '^thout the Peterseii coil. Even 
with only a inbderath degree of tuning, this ratio is 
small and exp»ience shows that even on widely, dis¬ 
tributed sjrstems wdth large charging currents, the arc 
is unstable and goes odt. Petersen coils are much used 
abroad, but have so far been used ^jttle in this country. 
Experience abroad would indicate that their use here 
should be reconsid^ed. •, * 

Neutral resistors may be of two l^es; current- 
limiting and braking. Th§ former is of relatively high 
resistance and acts primarily to reduce the shock to the. 
generator and ttie system having'the fault. The latter 
is of low resistance and is used to* load the generatbr, 
thus providing a braking’action. With this t 3 Tte of 
resistor the shock to the generator is reduced, wMe the 
shock to the system is increased. . . • • ' 

It has been shown*® that the current-limiting type of , 
resistor C 9 .u:ses greater ^hase-to ground voltages t^an a ' 
reactance would for the same gain in stability. Further, 


the reactor is usually cheaper. Therefore, in general, as 
a current-limiting device, i^tors me preferable. 
Whether or not a braking type of resistor is preferable 
to a current-limiting reactor is a question wlfich is not 
yet entirely clear. However, for general Applications, 
the reactor appears preferable since the choice of 
braking resistor requires very careful study in each 
particular case, which is not the ease with reactors. 
Furthermore with a braking resistor there is a greater 
danger of telephone interference than if eithfer a current- 
limiting resistor or reactor is used. 

(d) Sffnckronom C(mdensers 
The authors believe that the use of s 3 mchronous 
condensers wholly or principally as an.aicf to stability 
is not, in general, desirable except, perhaps, in a few* 
isolated eases. This belief is based® on the observation 
of certain s 3 mchronous condensers under transient con- 
•ditions and also on calculations of the type leading to 
curves shown in Figs. 24 and 25 of the complete paper. 
These curves show hpw slight is the gain obtained in the 
case for which the calculations were made. Thus it 
appears that normally condensers should be purchased 
only on the basis of their function in supplying watt¬ 
less kv-a. In other words, it is thought that in most 
cases the gain is not sufficient to justify them solely on 
the basis of their stabilizing effect. In cases where it is 
desired to increase any stabilizing effect they may 
accomplish, this may be doneJ|advantageously by pro- 
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TIME OF CLEARING FAULT IN SECONDS 

Fig. 5—^Powbb which mat bb Cahkibd Thbovgh a Onb- 
Condhctob-to-Gbotind Fault outside thb Gbnbbatob Tbans- 
POBMEBS y«rsu8 TiMB OP Clbabinq Fault (See Fig. 4 Fob 
Diagbam) 

• 

viding a balancing type of regulator and high ceiling 
exciters. When considering the use of condeni^rs, it-is 
important to bear in mind that they may pot, and 
apparently usually do not, increase the transient limit as 
much as the steady-state limit. * 

(e) Govemers 

From a stability standpoint governors should operate 
quickly and should possess anti-hunting features tend¬ 
ing to reduce swinging after disturbances. Goveriwr 
• operation in direct response to fault indication may 
.•prove desirable. Fjeld tests as an aid to knprovenvmt 
' of governor characteristics uilder .transient conditions 
would be very desirable. 


• • • 
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Automatic control of frequency is being tried' on minimum reduction in synchronizing power after the 
certain s^tems; to the .extent that each, system and faulted line has been cleared. If the shock is already 
each station holds verjr dosely to the exact system fre- small as in the case of a singl6-conductor4o-ground favOt 


quency, the problem of tie-line loading should be am¬ 
plified and 'a corresponding improvement in stability 
willrasult. * 

Switches and Relays 

When the duration of short circuit is low, the im- 
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Fia. 6—^POWBR WHICH MAT BE CARRIED THROUGH FaULTS 

Outside the Generator Transformers Versus Reactance 
IN Either Neutral when the Fault is Cleared in 1.0 Sec. 
Long lines with high-voltage busses and no mld-bus 
A One conductor-to-ground fault 
B Oonductor-to-conduCLor fault 
C Two couductor-to-ground fault 

pi^lse given to machine rotors is small, and hence 
stability is improved. From this standpoint, therefore, 
high speed in both relays and circuit breakers is very 
desirable. 

TABI^E I 

Po-virec which may be 
• carried through a two- 
Time of clearing fault conductof-to-ground 
. in seconds fault 


0.0 

100 per cent 

6.1 

83 per cent 

0.2 

68 per cent 

0.3 

56 per cent 

0.6 ’ 

42 per cent 

0.76 

33 per cent 


when neutral reactances are, employed, or if the duration 
of the fault is short as when high-speed swit^dies are 
used, this is a desirable arrangement from a stability 
standpoint. If thesd^conditions do not exist, this type 
of arrangement may*^protp unsatisfak^tory. 
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RELIANCE IN NEUTRAL IN 
TIMES TRANSFORMER REACTANCE 

Fig. 7—^Powbr which may be Carried through Faults 
Outside the Generator Transformers Versus Reactance 
IN THE Neutral when the Fault is Cleared in 0.2 Sec. 
Long lines with a high-tension bus and no mid bus. JFor diagrams see Fig. 6 
A 1 conductor to ground fault 
B Conductor to conductor fault 
C ^ conducjjor to ground fault 


SyiMhronoiisReadiRce Diagram 
li=/3Sec. MslOSSec:. 

.chH=±zz=Hh? 

iaisioos jai3 j(U3 jiuoiais 


Padthn Phase SeiiueMe ReictaiMt 
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Naia^ Phase Sqaaiea RiaelwM 
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{023(008 {013'' (013 {010(0115 


Zan Phase Sequence Raad^l>eea 
lor Faulb on the Biisqes ,-0 jj 
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Fig. 16—^Diagram showing Distribution of Reactances 
IN A Sample System which^vHas been used to Demonstrate 
THE Effect eop Bus Arrangements. When Low-tension 
Bus Arrangements ahb Considered, the Reactances are 
Similar 

Beactance base 120,0j30 kv-a., 154 kv. r 
Generator capacity *120,000 ky-a. 


Table I shows the average reduction in power limit 
over tr^smission systems involving waterwheel generate- 
ing^ capacity due to delayed switching,* with power 
limit at zero switching time as reference, for two-con- 
ductoi^to-ground faults. 

(a) "“T ■ . / ■ V. , 

* ““‘■'’r “• <««• haad, wh«i the fault d«uu. the syuchro- 

^u^sliock du*g the oteurreuce of a f«dt. but ^ less thau with a high-^dtage bm If 

♦Pigs. 4 and 5 sliow,tlie comparison between bigh-*and low-’ there are several lines,—say fdur or mors,—^the low- 
voltage busses . voltage bus is very advantageous. A further'^vantage ‘ 
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is that high-speed switchisg is not required,* pifevided 
that faults do not involve more than one conductor. 

. For long distance trananission, this* arrSngement will 
usually be uneconomical; but for transmission over 
•relatively «hort distances, it offers great promise. The 
curves in. Fig*. 2 show the indicated results with this 
arrangement. • , 

(c) Split Bus .* 

• Another solution is to use a low-voltage bus at the 
system end of the line and to split the lines at the gen¬ 
erator end, putting -part of the generating»capacity on 
each bus.‘» ®< ’’ *^Yhen this is done it is usually possible 
for the generators on any one line to ride through the 
disturbance occasioned'by a fault on another. How- 
'ever, for long distance transmission lines even vith this 
arrangement a higher speed of switching than has 
heretofore been commonly available in the higher 
voltage switches,will be required to insure stability. * 


It seems possible that high transformer reactance at 
the system end of the line nqay be beneficial with this 
arrangement ance it tends to reduce the shoQk to the 
generators-on the unaffected lines. This point is being 
investigated. 

Conclusion 

One outstanding conclusion which may be derived 
from the foregoing discussion is tiiat the devdopment of 
high-speed'high-voltage circuit breakers ^d relays will 
mark the greatest single advance in the solution of 
present stability problems. 
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Applications to Marine Work * 

ANNUAL REPORT OF COMMITTEE ON APPLICATIONS TO MARINE WORK* 


To the Board of Directors: 

The activities of tiie Committee on Applications to 
Marine Work this year were devoted cMefiy to the 
consideration of futilre revisions in the Marine Stand¬ 
ards (A. I. E. E. Standard No. 45) and in further efforts 
to induce the U. S. Stealhboaf Inspection Service to 
arraiige for proper Recognition and classification of the 
electrical engineer on shipboard. Owing to the few 
active matters fo^ consideration by the committee, and 
fbe unusual acpvity in new mSrine construction placing 
a large demand upon the time of most of the committee, 
the meetings of tiie.committeip were curtailed. 

For cCTtain reasons'not peRl:inent to tiiis report, the 
committee’s progress wiCh ’the U. S. Steamboat In¬ 
spection Service.has been extremely slow, even though 
the committee has d^ne considerable constructive work 
tq assist in bringing about a solution. Apparently, 
cerjjain obstacles have been encountered wludh will 
havfe to be economically dispensed with if our efforts 
are to succeed; however, the committee is hopeful of a 
final solution which will objtain for the electrical engi¬ 
neer the recognition and classification wl^h he deserves. 
It is recommended that the ’committee piusue this 
activity, with unceasing efforts and possibly through 
other channels. * ’ 

*COMIiaTTEE on APPUCAWONS TO 4IAIUKE WORK: 

W. E. Thau, Ohalrman, ^ * 

: Edgar O. Algw, Wm. Hetberlngton, Jr. Wm. H. Bead, ■ 

Bv A. Beekman. H. L. Blbhard, Edgar P. Sladk,* 

H. O. Oolaman, . A. Eentiedj^ Jr., H. M.JSobtbgate, 

E. M. Olaigow, J. B. liunsfoid, Oscar A. Wilde, 

H. P. Etovep, Jr., E. B. Herriam, J. L. WJIson, , * 

O. J. Henschel, ” ,1. H. Osborne, B. L. Wltiham. 

G. . 4 .. Pierce, • * 

Pre^cMtei at the Summer ConvenMon of the A. I. E. J?., Swam^ 
scoU, Mass., June ^4-88,19S9. •Printed complete herein. 


The past year has seen the following major marine 
activities in which electricity has contributed its full 
share: 

1. The placing in service of five turbinq electric 
drive U. S. coast guard cutters. These ships iJse the 
dual-drive system for the auxiliaries. 

2. The placing in service of. the 18,000-ship hp. 
twin screw turbine electric drive passenger vessel, S. S. 
Virginia, a sister ship to the S. S. California. 

3. The construction of a third 18,000-ship hp. 
turbine electric drive papsenger vessel, S. S. PennsyU 
vania, a sisten ship to the Virginia and the S. S. 
Califomia. 

4. The construction of two 14,600-ship hp. twin- 
screw turbine electric drive vessels for the War® Line. 

6. The construction of a 12,600-ship hp. twin- 
screw turbine electric drive vessel for the Grace line. 

6. The placing in service of three 4000-ship hp. 
single-SCTew Diesel electric drive cargo ships: M. S. 
Courageous, M. S. Triumph, and M. S. Defiance by the 
U. S. Shipping Board. 

7. Several smallCT craft utilizing Diesel electric 

drive. • 

The results of the Jones-White Afet are alrq^y bein^ 
felt by thp marine industry. A few large ships taking 
advantage of the provisions of this Act are in the course 
of construction* and contracts for several large vessels 
are pending, most of which will probably employ 
turbine electric drive. * 

The use of elecWc aflxiliary jfiachinery is established, 
and In most cas^ the auxiliaries throughout tiie ship 
are driven electrically. 
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, Abridgment of 

^hereJ Power Applications 

ANNUAL REPORT OF COMMJTTEE ON GENERAL t»OWER APPLICATIONS* 


To the BoardTof Directors: 

Yoar Committee on General Power Applications has 
attempted to keep in close touch with the development 
of power applications during the year through the 
sdection by the various members of the COTomittee of 
specific induces in which th^ were deeply interested 
and on which they agreed to furnish a condensed report 
^ly in 1929. 

No attempt has been made to cover the entire in- 
"dustrial field*so that there are undoubtedly many new 
Applications which have not been brought to the atten- 
tiop of your commit^^. An effort was made, however, 
to cover the outstanding developments in basic iiilhis- 
tries which should be a true measure of the advance 
during the past year. 

* Marine Equipment 

During the year 1928 there were placed in commis¬ 
sion or under construction, a total of 38 electrically- 
propeUed vessels of various sizes and types ranging 
frbm the small river towboat to the most modern of pas¬ 
senger liners. The aggregate shaft hors^ower of the 
. electrical equipment in these vessels was over 132,400, 
of which 88 per cent was supplied by turbines and 12 per 
cent by Diesel engines. However, of the 38 vessels 
electrifidl, 24 were of the Diesel-electric drive. 

Outstanding developments in tihe application of 
electricity to marine work during 1928 were the launch¬ 
ing^ of the largest elesctrically-propeUed passenger liner, 
the* Virginia, the breaking of all existing speed records 
for capital naval ships by the airplane carriers, Saratoga 
and Lexington, and the instaffation.on three* freighters 
bwned by the U. S. Shipping«Board, of the biggest d-c. 
motors ever put on a ship. • 

Elejctbic Railways 

Although electric railways come under the jurisdiction 
of the Transportation Committee, there are several 
unusual applications of power in this field which it will 
be well to mention bri^y. 

To speed up the classification of freight and to elimi¬ 
nate so far as possible the hazardous ocoupation of car 
riding, several railroads have adopted electric retarders 
in their hu mp yards. The apparatus required con- 

♦COMMITTEE OIT GENERAL. POWER APPLICATIONS: * 


sists of a motor and brake coupled to a gear mechanism' 
adjacent to the retard^ with temote-coritrolto enable 
op^ation from conveniently located towers in the 
freight yard. 

The year also was marked by the number of oil 
electric locomotives and gas electric, motor cars put in 
service by the railroads. Ranging in,size from 60 to 
IBO tons, aind^in power from 100 to 900 hp., oil electric 
locomotives were successfully used by both railroads 
and industrial plants. 

The popularity of the gas electric motor car is in¬ 
dicated by the total of 117 cars placed in seivice during 
, the past year. These cars are rapidly replacing ste^ 
trains on the short branch line roadk 

Distillate fuel has been successfully used in place of 
gasoline by several companies operating gas-electric 
trains. This fuel has also been adopted by a large 
city transit company for use in its gas electric busses. 

In the street railway industry there has been a 
decided tendency toward lighter and Taster motors, 
lighter car bodies, and improved methods of drive. 

Stb^ MnSi Industry 

The total horsepower of main-drive motors installed 
by steel companies during 1928 reached 212,300, with 
an average motor size.of 1250-hp. Of this total, ap¬ 
proximately 80 per cent are d-c. machines. 

During the year there were several outstanding histal- 
lations where steam engine drives were replaced by 
d-c. reversing motors. The largest d-a motors in the 
world are now found driving the big reversing mills of 
the sted industry. ^ ^ 

Strip mills are a distinctly new development arid are- 
gradually rq)lacing the brd 'sheet mills for '’doing the 
same work. The new continuous hot strip mill of the 
American Rolling Mill Company k Middletown, Ohio, 
is the highest powered of any strip mill yet built. The 
main Irolls are driven by 21,800 hp. in motors; /our 
3000-hp., and three 2000-hp. d-c. motors on the finishing 
end, and 3800-hp. in induction motors on the roughing 
end. This mill pirndhases. 66,000-volt power and has 
three 4000-kwS motor-generator sets to supply direct 
currentfor the main roll motors. 


'' J. V. Oafikm. Ohairmaji. 
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Clyde D. Gray, 
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Presented at the Summer J7onventio% of the A. I. E. E., -8v)amp- 
scott, fMass., J UJ 16 S4-^, 19d9. Complete copy upon request. 


, Material Handlins '' 

. During the past yean, industry as a whole was much 
benefited by the improvement and increase in the 
numl^ of applicatiohs for handling materials electri¬ 
cally. In.many cases the removal of the human 
element has resulted in astounding increases’in plant 
efficiency, while in certain industries ther.development 
*pf proper equipment for handling, odd shapes and sizes 
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generally conceded forever»assigned to unskilled labor 
has effected considerable saving. 

^ In genial tiie year was’characterized b;^ the applica¬ 
tion of mechanical handling to a wider variety of uses. 

, Equipment for handling freight cars was further 
devdoped^ during the year. One of the newest type car 
dumpers, capable of dumping a qpr a minute, is being 
constructed for the New Tork Central Railroad at 
.ToleddJ Ohio. The total electrical equipment aggre¬ 
gates 3000 hp. and consists of both a-c. dnd d-c. motors 
with special control by means of variable voltage. 

Two other mutilations now under construction for 
loading ships, one at New Orleans and* the other at 
Havana, Cuba, are of an unusual type. This equip- 
’ment will load refrigerating ears on a ship specially 
designed with tracks to handle about 96 cars. These 
cranes will lift 165 tons at the rate of 50 ft. per minute 
and use two 250-hp. totally enclosed mill type d-c. ' 
motors for drive. These cranes are the first ever 
designed for loading and unloading ships with standard 
freight cars. 

Prior to 1928 the largest electrical shovel was the 
8-cu. yd. or 300-ton shovel. A numbm- of 12-cu. yd. 
capacity shovels was placed in service during the past 
year. Pue t(r the extreme fluctuation of current 
demand, it was necessary to design special equipment 
for the drive and control* of these shovels. Three 
motor-generator sets, with the generators all differen¬ 
tially woun3, are capable of generating 760 kw. The 
four motors for the various drives aggregate 660 hp. 
One of these shovels recently established a new world’s 
recoiji for material handled when it moved 15,497 cu. 
yd. of overbiirden in 24 hr. 

Numerous othOT improvements in material handling 
have been ma(fe during the year, especially in regard 
to the method of connecting the drive to the conveyor, 
as well as,the usebf^nti-frietien Jsearings, gear replace¬ 
ment of pulleys, and other §iih^ refinements. 

Paper Industry 

• ♦ 

The paper.i^duStrj^was long since converted to motor 
drive of the main rolls, but this year has seen the prin¬ 
ciple pushed still further. Cylinder machines have a 
largSr number of small rolls, baby presses, and cylinder 
molds, which heretofore have been driven by the felt 
carrying the paper.pulp. The long, broad belt of high 
grade felt is decid^ly exp&isive, and Ijie practise of 
using it as a drive necessitatecf frequent replacements. 
A new mill at Port Townsend, Washington, climated 
this illo^cal expense; small motors, held in extraor¬ 
dinarily exact speed agreement, drive each element. 

Carbon pile'regulators, whicfi have been successful 
in the .control of single-motor pdper mills elsewhere, 
have been further developed to aid in the^ exact ^eed 
regulation of the Port Townsend machines.* ^ 

A variableispeed turbine with reduction fear vms ?n 
important developbaept in isolated power ^lant equip--.^ 
ment for paper mills.* The low-speed end of the gear 
is coimected through sheave’ pulleys to the papa* mill 


and exhaxist steam from the turbine is used in the can 
dryers. Spee^* can be held within very narrow limits 
between 65 rev. per min. and 390 rev. per min, on the 
driven shaft. This unit is rated at 476 hp. at 4200 
rev. per mih. and operates at ^110 lb. gage steam pres¬ 
sure with back pressures varying from 20 to 40 lb. gage. 

• Cement Industry 

Productiye capacity far in excess of normal consump¬ 
tion has caused the cement industry to turn to elec¬ 
tricity for economical operation. New plants are 
universally electrically driven while mechanical drivte 
are rapidly being replaced in the older mills. 

Isolated generating plants utilizing tMfe heat from • * 
canent kiln gases are still popular although during the * 
year several contracts were signed*with public utilities 
calliog for an interchange of power. While this ^- 
change provides an outlet for the excess power of these * 
plants, it also places a premium that formerly did not 
exist on economies in power generation and mill 
operation. « , 

Notable developments have been several specialized 
types of synchronous motors designed to provide ?he 
high torques necessary for heavy crushing and grinding 
machinery. 

Another application of the synchronous motor is on 
hammer mills. A novel feature of this installation is the 
overload relay. When the overload is great enough to 
pull the motor out of step, the relay operates, cuj;ting off 
the material being fed to the hammer while pemfltting 
the motor to regain speed, running as a straight induc¬ 
tion motor. 

^ • 

Push-button control has become almost univei^, 
even for motors of the smaller sizes. One large ihill, 
completed ^s year, pointewith pride to the elimination 
of starting equipment other than push-button con¬ 
trolled, full automatic dfcuit breakers of high inter¬ 
rupting capacity. Low starting kv-a. of the motors 
has made such installations possible; in soihe cases, the 
motor starts directly across the line. , 

An important application of specialized control is the 
automatic blending of dry cement materials as de¬ 
veloped in connection with the Puller-Kinyon Ssmtan. 
The Puller-Kinyon pumps handle the pulverized rock 
mixture like water, and a very ingenious control system 
for the pumps and valves has be«i designed. Electrical 
interlocks and time clock regulation permit almost im- 
•limited combinations for blending the contents of bins 
or silos to produce a constant quality feed for the kilns. • 

. Mining ** *• • 

The coal*mining industry endeavored during the past 
year to solve mapy of its troubles by the wider appKca- • 
tion of-electricity and the adaptation of more adequate 
and more efficient madunery. , . 

An outstanding featu®e of the year was the new mine 
’ locomptive built for the P^mfierton Coal and Coke 
.Companyj Bluefield, W. Va. This locomotive, although 
w^gWg only 30 tons, develops 532 hp. and will haul a 
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full load of 168 tons up a 1;6 per cent grade at lOH ini. 
an hour. Eleetropneum^tic control and air-brakes are 
futures which are most dnusual on this tj^e of loeo- 
niotive. . • 

Ore Redu&ion. The first'compaercial ^ize plant in 
this country to utilize th*e Tainton process, i. strong 
add and high current density for the electrolytic re¬ 
duction of zinc, was installed by the Sullivan Mining 
Company at Kellogg, Idaho. Current is supplied by 
two three-uriit.4000-kw. motor-generator sets. 

The Anaconda Copper Mining Company during 1928 
put in operation the largest motor-generator sets ever 
used in an electrolytic zinc plant. There are four 

' three-unit sets, each rated at 5500 kw. 

• • 

^OiL Industry 

As the oil industry passes the stage of adventi^ng 

• with its picturesque engine and rig, and becomes more , 
and mqre a leading industry wfth an economic problem 

• of conservation, it is masked by the application of 
electricity to give ^e best results 'at the lowest cost. 
'Well-drflling has become an affair requiring large capi¬ 
tal, as several wells have already cost over a quarter 
of a million dollars and have reached depths of over 
8000 ft. One well in 'West Tejcas has been drilled 
8255 ft. or 1.56 mi. deep and is the deepest hole ever 
dug by man. Two 25/65-hp. oil well motors, driving a 
cable tool rig, supply the power for the drilling which is 
still continuing. 

Untfl* very recently it was thought impossible to 
apply centrifugal pumps to oil pipe lines. A develop¬ 
ment of suitable high-speed centrifugal pumps which 
would not emulsify the oil enabled Hie economic use of 
el^trical drive. Anewpipeline, 400 mi. long, went into 
service during the past year, using this equipment. 

• Forty-four 400-hp. squirrel-<fege, J.800-rev: per min. 
'motors drive the pumps in .the 13 stations along its 

length. • 

Electric Welding 

Only .a few of fhe more important developments in 
electric welding can he mentioned in this short rdsumd. 
One of the most important advances has been the in¬ 
creased size of the electrode used, which, in general, 
reduces the time for welding in about the inverse pro¬ 
portion to the size of the electrode. , 

Another development of considerable importance is 
the introduction of the new atomic hydrogen method of 
electric welding, which makes possible the welding of* 
'• thin metals and alloys that could not be welded before 
^because nf the oidffation of the materials by the heat of ' 
the arc. This new method introduces hydrogen gas 
^into the arc flame, the gas being broken down into 
" atomic hydrogen hy the heat of the afc. This atomic 
hydrogen effectively prevents oxidation of the materials 
so'that d satisfactory joint can* be obtained. This 
enables counIdess sinaJl objecti^J which otherwise would , 
require more expensive methods of union, to be ’f^telded. 

The importance of electric welding in the industrial' 


field cSn be emphasized hy tiie faith of the Ford organi¬ 
zation in this type of welding. It is stated that the 
Ford Compafiy h£s recently expmded over $100,000,000 
for equipment and methods to-produce their new model 
“A” ear, which depend primarily on electric welding.. 
Here electric welding is reduced to an almost automatic 
process requiring very little personal supervision. 

A new process was developed for producing electri¬ 
cally-welded railroad ties from scrap rails, whichls done, 
entirely automatically and produces a very satisfactory 

tie at a low eost from scrap material.' 

• 

Industrial Heating 

Durfiig 1928 the use of electricity for industrial 
heating has increased rapidly due to the development- 
work of the manufacturers and the recognition of the 
central stations to the desirability and importance of the 
load. 

Eledric Stereotyping, The first electric stereot 3 T)e 
pot was built and installed in 1925, but it has been 
during the past year that'most of the large installations 
were made. More than 100 are now in operation, vary¬ 
ing in size from 40 kw. for small pots to 360 kw. for 
large 9-ton pots. The pots make use of an immersion 
element placed in the lead with autoimtiic temperature 
control. The total load in many metropolitan plants 
runs from 800 to 1^00 kyr., coimected load, for this 
service. Indications point to the complete electrifica¬ 
tion of stereot 3 T)e pots in the next few years,. 

Silk Moistening. An important application has oc¬ 
curred in the*full-fasHk)ned hosiery manufacturing field 
for the moistening of silk before passing through the- 
needles of the knitting machine.' Units consisting uf an 
insulated box, containihg water with felts for the silk to 
pass through and having electrte heating units of 173 
watts each, are placed so that from 3 fo 7 threads nre 
moistened on the way to the needles. . 

The water is kept at*about 160 deg. fahr. and the 
evaporation of water mdis^is the felt so that the silk 
picks up enough moisture to elim^ate back winding. 

Loads of 990 kw., coimected ulpne plant, haye been 
noted, and in the Philadelphia district, approximately 
2000 kw. is in use in this class of business.' 

Ehetrie Brazing Furnaces. The application of .'Elec¬ 
tric furnaces to copper brazing steel parts together has 
made possible the assembly in one.operation of com¬ 
plicated strucjures frorn^ siinple parts by a strong alloy 
weld. This is ^compli^ed by placing copper wire or 
chips next to joints to be brazed, and then heating the 
assembly in a furnace containing a hydrogen atmosphere 
to a temperature above tiie melting point of coppCT. 

In the process of brazing, the hydrogen performs the 
functjon of a flux as well as excluding air from the 
heating chaqjber. . 

• Both intermittent and’continuous types of furnaces 
^ are irfuse foWhis work and have exte^jaiveEpplication in 
•’the assembly of refrigerator evaporation shells. 

The* use of protective gases in other t37pe* electric 
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furnaces is recognized as qietallurgically beneficial in 
the heat treatment of various steels and in cases where 
bright annealipg is essential. . * • 

■ High-Frequency Furnaeeq. Recently the application 
of the iughjfrequency induction type furnace to melting 
and heat treating steel has been jiven greater considera¬ 
tion. Pufnaces are in use for m^dng cast steel in ingot 
form for production work and fof* heat treating high¬ 
speed steel in liquid baths. 

Gray Iron Melting. The application of the indirect 
arc type electoic furnace to the production: gf s3mthetic 
cast iron is a’comppatively recent developments Gray 
iron borings from**the maiiufactuw’s naachine shop, 
which have a very small niarket value, are utilized in 
die production of iron of good jihysical properties, and 
the over-all melting cost per ton is less than that for 
cupola operation. This has opened a new field for 
development in the iron industry. 

Control 

During 1928 improvements ki design and applications 
of control have been in keeping with the general trend 
of the past several years. Although a great many 
individual instances could be cited, a few general 
examples will be sufficient to indicate the general trend 
of the various tjpes of control equipment. 

Most of the motor control is now of the definite time 
accelerating type. A time-^current control has devel¬ 
oped for d-c..equipment which provides maximum time 
saving in motor acceleration within predetermined 
current limits under conditjpns o^ light or normal loads 
and forced acceleration at a predetermined rate where 
the load is too heavy for the motor to start with the 
normal accelerati^ current setting. 

The conventional form of paster switches, using 
segments and fingers, has been replaced in the last few 
yearn by the cam-operated switches. The past year 
produced further developnfent of the cam operation. 
Special attention being paii^ to simplicity of design. 
An outstanding example of this is a small, compact 
device which wa& de^^ed to fulfill three purposes,— 
controller, disconnect switch, and overload relay. A 
complete line of master switches was also produced 
which requfred onl^ a few different fundamental cams 
to obtain a great v£ffiety of combination of contact 
sequence. Still another indicatioi^ of the trend towards 
simplified design is in the compact limit switch de¬ 
veloped for use on motor-drive* .valve equipment. By 
means of intermittent gears it is, possible to get an 
adjustment of from 1 to 13^5 turns on the valve stem. 

Push-button control incorporating simplicity an4 
sturdiness of design without saibrificing dependability 
of service is rapidly replacing the cumbersome and 
complicated control systems of a few years back. * 

• MiSCiBLLANBOUS APPLICATIONS* 


• • 

to present mills rather than the development, of new 
applications. Th6 Slow-Speed synchronous motor has 
been the predominant type in new installations. Full- 
voltage starting, together with dynamic braking, has 
been almost universally adopted. All newinstallations 
have the thermal, and particularly the thenfiostatic, 
t 3 ^e of overload protection. 

Power ApplicaUons in Telephone Industry. Power 
applications, in the telephone industry are naturally 
limited. The drives that are used gener^ty make only 
small power dmiands and are commonly gather special 
in their nature. Special motors are required for tele^ 
vision and sound pictures, with very ingenious speed 
regulation; but they are of too narrow scope for discus- • 
sion in this report. The development jof large capacity* 
filters to eliminate noise-producing ripples in the gen¬ 
erating current has permitted the application of stand- 
• ard generators for telepljpne battery charging. 

SmaU Motors. Improvement in design of* small 
motors was apparent during the year. .Single-phase 
motors received a great deal of attention, and .the im¬ 
provements made will be of considerable advantage to 
various industries. • 

Single-phase repulsion induction motors, ranging in 
size from % to 2 hp. at 1800 rev. per min., were pro¬ 
duced with a high-starting torque and constant speed. 
Better magnetic utilization of the steel was accom¬ 
plished in these motors by using square stator punchings 
with graded slots. 

Single-phase condenser motors having practically 
the same efiSciency as a two-phase motor and operating 
at or near 100 per cent power factor were designed. 
The motor develops even more torque than the tvjo- 
phase motor, whereas the current required is consider¬ 
ably less, • 

Recent 1:ests in the textile industry have indicated 
the desirability of applying the a-c., brush-shifting, * 
shunt-characterikic polyphase motor for obtaining 
variable speed in the spinning of cotton" as well as 
worsted ymms. , 

Electric Elevaiors. The development of high-speed, 
fun, and semi-automatic elevators was furthered during 
the year. Deficiencies affecting the tiding qualities of 
elevators in the automatic control of the rates of ac¬ 
celeration and retardation were removed by the applica¬ 
tion of a smaU auxiliary d-c. machine to act upon the 
generator field of the motor-generator set of the genera- 
•tor-voltage type of elevator drive. By this means, the 
acceleration and retardation are caused to begin at 
•very moderate rates, increase to higher rates and again 
dimi nish as the speed change nears completion. • 

An automatic leveling system was developed, em¬ 
bodying a radicid departure from previous practise. • 
This system utilizes radio-frequency devices wherein, 
the position of the cefr with respect to the floor controls 


Rubber Industry. The large expalisioh of* this the leveling speed of ^e elevator accordingly. The par- 
industry iq the past few years has caused engineers to*.* ticulanadyantage of this control Is the elimination dt all 
devote their attentioh to new plants and extdhsions mechanical engagement with its noise and ultimate 









WOOD: SPRAT AND FOG TESTS 


Journal A. I. E. E. 


• • * 

detOToration, a minimum deafanc^ of % in. existing 
between the parts on the car and the corresponding part 
in the hatchway. *. . ' ' 

Printing. The main advance during the past year 
in the printing industry has beai the intrease in the 
speed of .the presses, mere a feW years ago, 24,000 to 
25,000 papers an hour were considered good production, 


presses today operate at f^e rate of 60,000 to 75,000 
papers an hour. This has meant the application of 
higher speedemotors.in some cases, while in others, it 
was simply a matter of increasing the gear ratio. The 
horsepower of the motors has increased in proportion^ 
while new improved and simplified methods of control 
have accompanied the change. 


Spfay and Fog Tests on 220^Kv. Insulators 


BY R. J. C. WOOD' 

Associate, A. 1. E. S. 


• Synopsis,—To determine insulation for an outdoor 2^0-hv, 
station on the coast subject to ocean spray, an insulator test rack was 
installed at Redondo, Califomia. 

Ten types of insulator, including widely different designs, were 
tested continuously for two years an^a half at 150 fci;. to ground. 
Comparative results were obtained by adding or subtracting units in 
suspension strings until an equality against arcrover was approx-^ 
imated. finely arc-ove^ occurred. 

The surface leakage resistance was found to be a fair index of the 
res^tance to arcrover under salt spray conditions. The shape of the 
insulator made no difference 's long as the total surface resistance of 
the string remained the same. 


The surface resistance is thot calculated upon the assumption of a 
uniform conducting coating upon all the exposed surface of the 
insulator and is the line irUegral of distance divided by circumference 
along the shortest surface path from cap to pinx ^ 

Accidental differences of conditions are sweh that one insulator 
string would not consistently arc-over in preference to another unless 
its surface resistance were lessjthan 80 per cent of the other. 

Suspension strings having a total surface resistance of 11.0, using 
inch units, were found satisfactory for a steady 150 kv. to ground 
under the conditions at Redondo. 

A spray method of cleaning insulators while energized was 
devised. 


Introduction 

I N the latter part of 1926 it was seen that itwould soon 
become necessary to decide upon the kind of insula- 
jtion to be used in the Southdn California Edison 
Company’s 220-kv. outdoor station that was to be built 



coast, the location'’being"'chosen as one of the most 
subject to ocean ^ray and fog upon the ^system, and 
where considerable insulator trouble on both 66-kv. and 
16-kv. lines had beenrexpa’ipced. 

CuMATic Conditions 

^ 

The storm winds are westerly and drive the spray 
from the ocean su^f directly into flie test rack, the 
accumulation of salt upbn the insulat(^s having been 


Fia. 1 —^Tbst Rack, Energizing Transpormbr, and Two* 

Small Transpormerb Used as Reactors. Looking North 

♦ • 

at Long Beach, on the coast south of lios Angeles. 

« A test rack was therefore set up at*Redondo on the 

1. Research Engineer, Southern California Edison Co., Los 
Angeles, Cailif. * ^ 

Presented at the Padfic^Coast Coy^verUion of the A. I. 'E. E., 
Safite. Monica, €alif., Sept.'^M, mo. Printed complete herein. • 



Pig. 2—Test Rack. Looking Southwest 

r 

siicli at times that during the hpat of the day small crystals 
of salt haye been observed s,cattered all over the surface 
of the porcelain. At night the deposition of'moisture 
Vpon#the i*sul8!.tors is frequently sufiicient so that they 
^..drip and ther sandy soil underneath Is all pock marked 
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from the dropping wata*. In addition to tiie s5lt d^osit 
ttere is a certain amount of dust and suffident soot 
to blacken any rag used for cleaning. * * 

The time of year during which arc-overs are most 
prevaTent is from March or April imtil the first rains of 
the season, which may come in September or October. 

DEkjElPTION OP^PARATUS 
The rack illustrated in'Pigs. 1, and 2, was situated 



Fia. 3 —^Diagram; op Connections between Station Bus 
AND Test Race 

about 500 ft. from the ocean front. The pipe bus was 
aiergized to 150 kv. to ground. 

Electrical connections were as in Fig. 8, the two 150- 
kv-a. banks of transformers in series with the 4500-kv-a. 
transformer being used as reactors to limit the short- 
circuit currefit to 10 amperes over an. insulator and 100 
amperes on the station bus. 

To indicate which of the^uldbor strings had arced- 
bver,^a one-ampere enclpsed fuse was connected between 
each insulator string and the bus. These fuses were 
further protected agdnst weather and corona by short 
lengths of one-iijbh pipe and may be seen in Figs, land 2. 

"Hie types of insulator tested are shown in Fig. 4; 
some of &eir physical constant in Table I. The 
quantity called “Surfkce^ llepistance” is not any 
measured resistance, but is the calculated surface 
leakage resistance.froigS cap to pin of a single insulator 
unit, assuming the loosed porcelain surface to be 
uniformly coated with a conducting layer. Should the 
conducting layer , have a resistance of one m^hom per 
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square inch, then the figures of Table 1 give the surface 
resistance fronr cap to pin in megohms. • 

The rack was kept energized both day afid night 
whenever possible; an arc-over would cause the rela]^ 
to open the main 16-kv. switch; the operator would at 
•once close the switch again; if upon the third trisDl the 
arc-over still persisted the switch would be left open until 
the next day. Arc-overs practically always occurred 
during the iiight when fog or dew was heaviest. 

Program op Tests *♦ 

During the period from January 1, 1927, to June 1’, 
1928, a number of rather long suspension strings was 



under test, no changes being made except to disconnect. 
two short strings of 13 T^e A and 13 Ts^e D which 
arced-over. 

The strings under test during this period are detailed 
in Table II. They were all washed by hand on February 
9,1927. 6-E and 6-J were washed immediately after 
eadi arc-over, and 5-J was washed frequently as 
described later. 
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, TABLE I 

PBTSIOALjOONSTANTS OB’ INSULATORS! INCH UNITS 


Type 

Diameter 

4 • 

* 0 

LeaJcage distance 

• 

Surface resistance 

Besistance per 
inch leakage 

Axial length 
per unit 

Besistance per * 
axial inch 

A • 

• 10 • 

10.76 . 


0.0605 

6.76 • 

0.1182 

B 

9 

20.0 


0.0681 

6.5 

0.1634 

O 

9 

. 18.26 


0.0623 

6.5 

0.1468 

D • 

10 

11.6 

,, 

• 

6.87 

.. 


17 

• 83.0 

•1.168 

0.0362 

14.5 

0.0802 

F 

11 • 

16.6 

« 0.811 

0.0492* 

6.76 

0.1411 

G 


13.12 

0.716 

0.0645 

5.75 

0.1244 

H . ’ 

10 

16.6 • 

0.887 

0.0540 « 

6.76 

0.1455 

J 

17 

83.0 

1 . 1«8 • 

0.0352 

14.5 

0.^802 • 

K a 

14 

16.6 • 

# 0.848 

0.0614 

• 6.6 , 

0.1286 

L 

# 14 

19.0 . 

b.90i 

0.0478 , 

6.6 • ♦ 

• 0.1875 m 

M . 

•14 

16.6 

0.848 

• .0.0514 

^.0 

0.1060 

N# 

• 14 

19.0 

• 0.908 . 

0.0478 

8.0 • 

0.1135 


Note: Besistance Is not eadly csaoiflatedfor Typo D, From test results it seems to haye approximat^y the same resistance as Type A. 

• ® 
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Beginning June 1, 1928; the program was changed. 
Strings 8-£7, 1-E, 6-E, were reinov^ (the pumber and 
letter designating the nunlber of units of a certain ty^e). 

The other types in service had the effective number of 
units in a string reduced by short-eircuiting'any required 

TABLE n 

INStTLATOB STRINGS UNDER TEST 1-1-27 TO 6-1-28 


• 


Number 

In string 

Type and 
Bosition 

Leakage 

distance 

Surface 

resistance 

Period under test 

13 

A suapenslou 

140 

8.47 

1-1-27 to 3-12-27 

• 17 

A 

“ 

183 

11.06 

1-1-27 to 6-1-28 

15 

AA dead end 

161 

9.77 

1-14-27 to 

6-1-28 

16 

A^ 

u 

161 

9.77 

1-14-27 to 

6-1-28 

12 

B suspension 

240 

12.76 

1-1-27 to 6-1-28 

• 13 

D 

a 

143 

,. 

9-23-27 to 

2-1-28 

6 

B 

u 

i 231 

6.98 

1-1-27 to 6-1-28 

• 7 

E 

** 

231 

8.14 

C< (( 

u 

8 

E 

tt 

264 

9.30 

l< l( 


6 

J post 


166 * 

6.81 

(f tt 

tt 

6 

J “ 


198 < 

► 6.98 

tt tt 

tt 

7 * 

J “ 


231 

8.14 

tt tt 

tt 

15 

K suspension 

248* 

12.72 

tt tt 

tt 

12L+8 

K 


278 

13.43 

2-10-27 “ 


12 • 

M 

“ e 

108 

10.17 

1-1-27 « 

tt 

12 

N 

« 

228 

10.89 

2-10-27 " 

tt 


There’wdTe six arc-overs on«6-E in suspension and three 
on 6-J as a post, in each case the insulator being hand 
washed inunSdiafely after areing-over, TTiis difference in 
behavior between post and suspension may have been due 
to the slight difference in the shielding, or to the'cap in 
one case and the pin of the insulator in the other being 
at bus potential or, yfiat seems most probable, that at 
the greater elevation above ground of the suspension 
string there vras a greater wind velocity anfl more 
spray and dirtiw^e deposited upon the porcelain; -heat 
radiation would also be greater m' the more exposed 
position and deposition of dew ^e^ter,—all of which 
wonld.r^dei* the suspension string more liable to arc- 
over than the post. The post 5-J arced-over four 
times bpt not after regular washinp were inaugurated.' 
No relative values for the remaining suspension strings 


number of units, at the upper end of the string, with 
wire. 

The general practise was then followed of adding a 
unit, by moving the short-drcuiting vrire, on any one 
string after it had arced-over on two separate days. 
This wire device enabled units to be added or sub- 
tractSd* without handling the units and changing their 
sunace condition. 

It was eiqiected in this way to arrive gradually at an 
eqjiality in the different strings. 

Types H and G were not put on test until October 
16,1928; Types C and F were^added J anuary 10, 1929. 

In order to get comparative* results, types 'C, F, G, H, 

* N, M, wCTe all vrashed by hand on January 15,1929, so 
as to have them in the same condition as the recently 
added types. None of the other suspension strings had 
been wgdied, except by natural rains, since February 
9,1927, and they were now left in that state but reduced 
in number of units per.string and the process of building 
up to an equality started in again. 

On June 15,1929 the program was again changed and 
all types, except the posts J, had units added until 
there was one more unit in each string than the max¬ 
imum number that had arced-over at any time. 

Aeo-Overs * 

' The first period of the test showed that neither the ^ 
rfive- nor six-unit post, type J, would be satisfactory* 
without periodic cleaning; it was found feasible, how- 
^evOT, to spray the five-unit post wjth water, while 
eneri^z^, without danger of its ardng-over, provided 
the. s{aa 3 dng wem done frequently. Cleaning once a 
w^ app^ently kept this post in good condition. 
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6—CoMPABisoN OP Types upon a Lbak-aob Distance 
Basis « 

♦ 

The insulator string having tlTe shortest leakage Stance is not always 
the one to aro-oyer. Each cross shows the percentage leakage lengtlv of a 
string that was shorter than the one arcing-over, A clrdle shows the 
diortest arcing-over, ^ ^ 

were obtained as none*^a!rced-over. Altogether there 
were 17 arc-oyers in this period.. 

From June 1,1928 to Septemb'^ 30,1928 there were 
30 are-overs. The first rain of the season occurred 
October 11, 1928, and no further arc-overs took place 
until March 4, 1929. From March 4,1929 to July 19, 
1929 there were 43 arc-overs, giving a total of 73 arc- 
overs from which to analyze the relative performance of 
the different types of in^uJator. 

JVnaly&s op Ako-Ovbrs 

In Fig. 5 each flashover hag been plotted with a view 
to seeing whether the leakage distance might not be the 
controlling factor in arc-over; if so, the string arcing 
ovS* should have the least leakage distance of all under 
test. • When this was the case'it was plotted as a circle at 
When, however, there were'one or more 


100 per cent. 

The ‘strings ha'ting, lower leakage distances ^hah the one 
spetiai spray»nozzle uSed wasKId practically the entire •.arijing-over,.th.en they were plotted'as crosses showing 
porcelain surface. . ^ • • • ’’their leakage distances as a per c$it of that of t^he string 

■ 13-A, 13-D proved inadequate, eadi arcing ov^ twice.' that arced. Thus in Fig.**6 any type which has many 


• • 
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lowrpercentage plots is app^ently not so good aaone in 
which the-plots are ci a higher percentage, remembering 
that the comparison is not \init per nnit» but is based 
upon strings of equal les^age distance. 

It'is seep at once that this basis of comparison is not 
entirely satisfactory. Due to the unavoidable variations 



Fig. 6—Comparison op Types upon a Surface Resistance 

Basis 

Bach cross shows the* percentage resistance of a string that was less than 
that of the one arc^g-over. A circle shows the lowest resistance ardng- 
over 


comparison will have been, found if in such a plot as 
Fig. 6 all the .t 3 q)es exhibit equal divergencies. It is 
seen at once that Fig. 6 fafls chiefly with rrapect to 
Type J, which by reason of its position should show up 
better than-'all others. Fig. 5 shows it as the worst. 
The intercomparison of the other types is fair in view of 
the fact that Q, F, G, H, N, M, were all washed January 
15,1929, and would be expected to show up better than 
the others _last washed February 9, 1927. It will be 
found sigiiificant that the ratio of surface*resistance to 
inch of leakage distance does not vary over a wide range 
until Type J is considered. 

In Fig. 6 a plot similar to tiiat of Fig. 6 is shown, the 
total surface resistance of the string, instead of the 
leakage distance, being made the basis of comparison. 
Type D is given an arbitrary resistance per unit equal 
to Jiiat of Type A for reasons referred to later. This 
plot exhibits a much §feater uniformity than Fig. 6. 



Fig. 8—Comparison op Types by Pairs upon a Surface 


Resistance Basis. Insulators not Washed Since Jan. 16, *29 


in amount of deposit, dew, wind, no two strings of 
insulators Subjected to field conditions would ever 
behave exactly in accordance witii any of^their physical 
dimensions, except by accfdent.* It woulS, however, be 
expected that they.wpuld average in some rdation to 



• m _ « 

PiQ, 7 —Comparison op Types by Pairs upon a Surface 
• • Resis-jance Basis 

The string ardng-over Is marked with a clrde vertically over or under the 
one not arcing. Insulators not wadied sinCe Feb. 9, *27 

• 

some measuring stick, each exhibiting departures on 
either side of a mean. When these departures from the 
mean were the same for each, then, thqy woyld b6 
considered equal, according to the particular basih o^ 
measur^ent choseq*. Extending this argum^t to a 
number of different types ^f insulator, a true basis of 


Types A, B, K, L, AA, D are practically identical as to . 
the range covered and are aU tsTpes not wasHed since 
February 9,1927. Types C, F, G, H, also have about 
the same range; M and N are restricted in range but 
the numba: of obsfervations is small for each. The same 
qualification applies to type J; however, J is now in its 
proper place, not having arce'd-over unless it had the 
lowe^ resistance, ^hich is as it should be considering its * 
preferred position near the ground. * 

As a further’test of the supposition that the surface 
resistance is a comparative measure of the resistance to 
arc-over, a direct comparison between types,,taken in 
pairs, covering the whole period January 1, 1927 to 
July 19,1929 is given in Figs. 7 and 8. 

Comparing for instance Types A and B, each arc- 
over that has occurred upon either one of these is 
plotted, showipg in the same vertical line the surface 
resistance of the two strings, the one that arced-over 
marked with a drde, and the one that did not, wito a 
dot. Drawn lines connect points of the same type and 
do not represent any rdation between coordinate.* 
Type D has arbitrarily been assigned such a ^^st^ce 
per unit as would make it bet fit the comparisoni 
A-D and D-B, A and B bdng radically different designs. 
This arbitrary Resistance of D turns out to be the same 
per unit as the calculated value for A. 

•If there were none of the aeddental*variations 
previously referred to jftid the s^trface resistance w^re an 
exaci? measure of the arc-over redstance, then the drde 
’ points would always be on the lower line. This is not the 
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<MBe*conaderii^ those pairs of points where the higher 
reastance string has arced-over. -The amount of the 
discrepancies is shown in Table III. * • '■ 


, TABLE in 

PBR 9 ENTAOB DISOBEfANOIBS 07 FIGS. 7 AND 8 


Pair of types 
considered 

Average difference In sur¬ 
face resistances as per 
cent of the greater 

• Period of test 

A-B 

5.38 

1- 1-27,to 7-19-29 

B-O ♦ 

7.07 

tt t$ u 

A-D 

6.16 

U U {« 

D-B 

2.76 

u u u 

A-L 

4.17 

u u u 

B—L 

4.40 

tt tt tt 

B-K 

8.60 

tt tt tt 

» K-L • 

8.22 

tt tt tt 

B-J 

0.00 

tt tt tt 

• N-C 

• 3.72 

1-16-27 to 7-19-29 

M-O 

• 1.28 

tt tt tt 

. P-0 

6.80 

tt tt tt 

G-O 

0.12 


H-0 

8.28 

-•- 

it tt ft 


It will be noted that the'discrep^des are not large 
after all, considering the nature of the original data, 
and it is certainly impossible to assign to any one type 
rather than another any materially greater liability to 
arc-over when equal surface resistances of each are 
taiken and exposed to the same conditions. 

It therefore appears that the surface leakage resis¬ 
tance is a close measure of the ability of these types of 
insulators to stand up under such conditions as are 
found at,]Redondo and that there is no particular virtue 
in onrf ^pe over another, except in so far as it may 
afford more surface resistance and enable a fewer 
number of units to pfovide the total required. 

Xhere is a limit to the reduction in number of units 


TABLE cv 

LIMITS BEACHED IN ABO-OVEB. L&ABAGE, AND BBSIST^OE 


» 

Type 

Max. 

number 

arced- 

over 

Min. 

nxunber 

not 

arced 

I.eakage 

arced- 

over 

• 

Distance 

not 

arced 

Surface 

arced- 

over 

Besfstanoe 

not 

arced 

A 

V 

17 

172 

183 

10,41 

11.06 

B 

10 

11 * 

200 

220 

10.62 

11.69 

O 

9 

10 * 

164 

183 

8.59 

9.56 

D 

16 

17 

, 176 

187 

10.41 

11.06 

B 

7 

8 

231 

264 

8.14 

9.30 

P 

11 

12 

182 

198 

8.02 

9.78 

G 

12 

13 

168 

171 

8.68 

9.80 

H 

11 

12 

171 

186 . 

9.21 

10.04 

J 

7 

,. 

231 


«.14 

,, 

K 

12 

13 

198 

215 

10.17 

11.01 

I. 

11 

12 

209 

228 

9.99 

10.89 

M- 

l5 

12 

165 

198 

8.48 . 

10.17 

N 

9 

11 

171 

209 

8,17 

9.99 


Kote: Keststanoe per tmlt of assumjed egual to that of 


per strmg imposed by ordinary dry and wet arc-over 
^requirements and the danger of puncture when too few 
thicknesses of porcdain are used beirween line and 
ground. It would seem conservative to satisfy the 
ordinary line conditions as to numbhr of units and th^ 
choose the type and pgrhaps gseater number of units 
whidl will furnish the*hec^ssary surface resistance to 


suit the locality at the mi^iinum of cost for both in¬ 
sulators and supporting structures. 

The final results of. the elimination coni^est are shown 
in Table IV. 

It is seen that strings having a surface resist^ce of 
from 9.99 to 10.62 have arced over, these strings having 
gone through the wh<fie period of the.test from 1-1- 
27 to 7-19-29 withodt bring artificially washed, but 
that tiie strings washed f-15-29 had in competition 
with them arced-over resistances of from 8.17 to 9.21, 
showing to gome extent quantitatively how the washing 
done by natural rains compares wi& earful artificial 
cleaning.- It further seems that a stiing with surface 
resistance of 11.0 will satisfactorily insulate against a 
steady 150 kv. to ground,for three years imder.climatic 
conditiohs similar to those ^countered at Redondo. 

Acknowledgments are due practically all the in- 
iSulator manufacturers for thrir ready response wijth 
samples of “fog type” insulators ■mtiiout which it 
would have been impossible to arrive at such definite 
results. 

Conclusions 

1. Insulators may be compared, as to thrir ability 
to withstand arc-over under spray and fog conditions, 
by thrir surface leakage resistance, calculated as the 
line integral of length divided by circumference along 
the shortest surface path from cap to pin. 

2. There is no virtue in any particular ^ape except 
a, it prondea.surfacc leakage resistance. 

3. One insulator siring will not consist^tly arc-over 
in preference to another unless its surface leakage 
resistance is less than 80 per cent of {hat of the other. 

4. Asurfacelealstgefesistanceofll.Q, in inch units, 
per string, appears suffirient for a stezuly voltage,of 
150 kv. to ground with conditions as at Redondo, Calif. 
On a line, sdlowance may have to be made fer surges. 

5. It has been found practical to dean* some in¬ 
sulators, while, energized, with a yvater spray and thus 
use a smaller number of units thafe.wduld otherwise be 
safe. 


An investigation of concentric .and parallel duplex 
types of trailing cables made by the Bureau of Mines 
engineers leaves no doubt as to the greater relative 
safety of the B&rallel dupl^ cable for use on bureau- 
. approved equipment, and it is hoped that after a careful 
study of the matter presented as a result of these in- 
•vestigations, the industry will arrive'at the same con¬ 
clusions and take steps tp use the safest t]^e of cable. 

Field inspections showed that from the standpoint of 
reeling thrae is some'preference for concentric cable. 
However, at poines where reeling difficulties have been 
Qvercome it was shown that if proper spooling* devices 
are,us8d pra&tically no trouble is experienced in reeling 
tiarallel dupl« rubber-sheather cable. ^ 





Applications to Mining. Work •. ••• 

• * 

ANNUAL REPORT OF COMMITTEE ON APPLICATIONS TO MINING WORK* 


To the Board of Directors:' 

' In the past many criticisms have been made against 
the mining industry as’being*backward in modem 
developments. ’ Certainly suph cmtidsms are no longer 
justified to the same extent as a decade or two ago. 

During the past year there have been jnany develop¬ 
ments of electrical apparatus for mining work and the 
operators haVe not disregarded the applications offered. 
In fact, the operatiirs have sought relief in.every possible 
way to reduce operating costs. Over development 
-.duiing the war has not been absorbed by inoreased 
consumption of coal. This k largely due to rapid 
improvement in efficiency in large electric power plants, 
electrical interconnection, and in improved railroad, 
performance. ’ 

Metal mines have been similarly affected from over¬ 
development and lack of inerted demands. 

It is generaly predicted that both coal and metal 
mining are entering a new era of development. Further 
mechanization is considered as a solution to the problem 
of [cost reduction. Mechanization implies farther 
elei^cal application to all types of mining equipment. 

A few yearn ago there M{as considerable discussion 
on superpower systems. Without a great deal of 
publicity these superpower systems have developed 
until now practically every industrial and mining field 
is served from high-voltage in*erconne<?ted lines re- 
■ ceiving energy from large efficient power plants. Thus 
it is logical that the major part of the further electrifi¬ 
cation and mechanization of nunes will be served from 
the electric utilities. • 

Hoists. Due to high cost of equipping shaft mines 
with electric hoists^ the cbaijge over from steam to 
electfic is. slow, dntf such fhange over a medium 
capacity ifiine is worthy of ribte, not for its size but for 
the rapid cycle. ^ A WO-kw. synchronous motor-gen¬ 
erator set supplieVai(?850-hp., il6-rev. per min. motor 
through Ward Leonard control.^ 

The hoist operates in balance and is desi^tfd for 
230 faps per hour from a depth of 282 ft., with a maxi- 
minn rope speed of 8300 ft. per min. The cycle 
allows for 5 sec. aecelCTatio:n, 1.65 sec. full-speed run¬ 
ning, 6 sec. retardation, and 4 sec. caging* Actual per- 

*COMMITXBB OH APPLICATIOHS TO‘mIHIHGP’WOMC: ' 

Oarl Lee, Ohalrman. 

A. B. AadeAon, O. M. Kennedy, V. O. Nicholson, , 

V. N. Bosson, B. L. ESngBliuul, W. V. Sohwedes, 

Qiahami Bright. A, B. Kiser, , B. L. Stone, * 

M, M. Bowler. * W. H. Lesser, B. B. Wagner, 

B. J. Oealy, , John A. Malady, • J. B. Wlggert, * 

L. O. nsley, O. H. MatHiews, O. P. Woodward.. 

1. Equipment fumiahed by^Gieiieral Eleotriq (3o. and in¬ 
stalled at Peabody Coal Co., Mine 53, Springfield, 111. ^ 

Pretented at tl\fi Summer Convention o/ the.A.»I. 2& E., 8ieamp~ 
tc<M, Mitts., JuneH-^,19$9. Printed eomplets herein. * .* 


formance of. 258 trips per hour has been attained by 
reducing the caging or stop period to two ^tipns. 

The motor-generator set is remote-controlled •from 
the operator’s platform. No auxiliary hoist motor is 
provided. The hoist is controlled through master 
controller mid time limit relays for both acceleration and 
retardation. 

In the mountain mines, a-c. motors have been applied 
for control and regenerative braking to control heavy 
descending loads previously handled by^ large drums 
and mechanical brakes. The power saving is ap-*, 
preciable and safety of control is v^uable. 

Fans. Synchronous motor drives for fans have been 
applied in sizes up to 600 hp.* Increased efficiency 
and improved power faetor are accomplished. 

Continued applications of automatic starters for 
fan motors have proved desirable to'reduce to a 
minimum the delay in the restarting of fans aft» power 
interruption. ^ 

Motor-Generator Sets. Automatic substations for 
motor-generator sets have increased in number both 
to save in labor of attendance and to provide bett^ 
service for supply of direct current to remote load 
centers. 

Automatic power-factor control on synchronous 
motors has been accomplished on several sets. • ^ 
Cleaning Plants. With the mechanical loading of coal 
being accomplished and with more discriminating buyers 
of coal, the industiy has turned to' mechanical cleaning. 
Sever^ large bituminous coal cleaning plants were 
completed during the year.® Thus, the soft coal in¬ 
dustry is approaching th*e practise of the anthracite 
breakers. These T;^et washing plants use around 160. 
motors of various sizes,'aggregating some 1200 hp. 
connected load. Texropes or V-shaped myltiple bdts, 
permit of standard motors in most applications to 
secure propw speed reduction in short space.* Three 
such plants on one public utility service add a ve^ 
desirable day load. 

Shovds. In metal mining the 3-, 4-, and 5-yd. 
electric shovels using shunt motors and Ward Leonard 
control continue to be installed to effect economies. 

Additional 16-yard stripping shovels, weighing 1650 
tons, and canying motor-generator sets with 1500-hp. 
’synchronous motors continue to be installed.^ 

Improvedrubbercovering for trailing cables hasmade * 
these safer and more dependable, 'flhey usually carry , 
4000 volts,, tiiree-phase witii a fourth wire for ground. 
Occasionally when blasting, these cables are damaged. , 
Field vulcanizini has been perfected so that the outm* * 

covering is repaired so well that it will stand up through 

__ • • 

f. Instated at Chicago. Wilmington, and FranMin New 

Orient mine. West Fr%nkfo]A, HI. • « 
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water and oil the same as the origin^ cable, thus saving 
a great deal on replacement costs. • 

Slushes. Metal min^s have almost" completely 
adopted motor-driven underground slusher piachinesto 
replace air-driven machines. 

Loeontbtives. One manufacturef has developed roller- 
bearing application to motor support on.axl^ to main¬ 
tain the gears in exactly correct mesh.* Experience 
in the field has not yet proved whether this will be ac-' 
ceptable practise. 

Heavy service due either to large locomotives or 
irery frequent travel of locomotives has led a number of 
ibines to go to 6/0 trolley wire instead of 4/0. 

Mining Maehirm. The manufacturers of mining 
machines have brought out improved track-mounted 
cutters (Fig. 1). These can be built to cut at any height 
in the coal seam that is required. These machines coj^^st 
essentially of a heavy frame mounted on trucks contain- , 
ing traction motor and a swinging section pivotedatthe 



Fia. 1 —^Tback-Mounmd Bottom CtrrTHB 

front end of frame. This section carries the motor 
gearing,^ raising, lowering, and tilting mechanism, and 
the cutter bar and chain proper. The advantage of this 
type cutting m^ine over the breast machine and 
short-wall machine is that no unloading or loading of 
cutting machine proper is required. This feature 
^minates most of the manual labor, and through higher 
power and saving of time enables the operator to practi¬ 
cally double his productivity. One make of machine is 
equipped with a drill so that the same crew can drill 
for the blasting.* 

In cutters for ooal seams less than 80 in. high, it is 
'difficult to place all controls convenient to the operator. 
One manufacturer has partially overeomb this by 
^applying contactor control to the •machine. This 
control is o f the "permissible" t 3 rpe construction, having 

a: KtisRurghCoalCo., Pittsburg]i,Pa. • 

4. ^ The United ElectriaCoal Co.eit DuQuoin, HI. 

5* Je^ey MaaiufaoturiDg Co, *• 

0* Suilivan Maohinerji Co/ * ^ 
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been worked out to meet the tests of the Bureau of 
Mines.® ^ 

A recently^ developed machine is the jiitch cutter.^ 
This is a very special type drill to cut hitches in sides 
of rooms of coal mines to enable timbering tube (earned^ 
to the face without interfering with cutting and loading 
machines This should materially reduce acbidents at 
the coal face. ^ 

Loading Machines. One type of loading machine, 
usually called •pit-car loader has been extensively in- 



(J’lQ. 3 — Tmad Loader 

• • • 

Stalled (Pig. 2). Approximately 2000 have begn placed 
• in service. They consist of short-drag type conveyer 
toven by J4- to 7)^hp. motor. In thiis machine coal 
is shoveled onto the loader which discharges into Tninfl 
car. . • * 

Pull mechanical loaders *of several types have been 
•improved apd are coming into more general use (Fig. 3). 
•.These vary in Resign, uang from one to 5even motors. 

. 7. «Goodman Maniifaoturijig Co. ^ ^ 
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having from 16 to dver 100 connected hOrsdpower. 
Reports indicate that approximately 3 pct cent, of the 
soft coal mined in 1927 was loaded me&anically and 
most recent reports indicate over 2^ per cent of coal 
• mined* in‘Illinois was loaded by mechanical and pit- 
car loade;a. * . • ^ 

Blasting. Continued experimepts in smokeless shoot¬ 
ing of coal have been made.® In this a gas is com¬ 
pressed to high pressure in the cartridge, tiien fired by 
means of fuse in heavy detonation or heating element. 
This fuse requires about 100 amperes at 4.80 volts to 
set off heating llqpieht. 

Telephones. One company installed a ‘complete 
system, using lead-covered pair in conduit laid in the 
’ fioor of- the mine.® In rapid hoisting, the qaging is 
limited to IJ^ or 2 sec. This does not permit the 
check puller to safely detach the identification checks. 
%veral min es overcame this by installing loud speaking* 
telephones between top and bottom.'® The bottom 
man pulls the check and telephones the weighman 
giving him the number of the check. 

8. Cardox. 

9. Youngstown Sheet and Tube Co., Dehue, W. Va. 

10. Peabody Coal Co., Mine No. 8, Tovey, Ill. 


•Stoiteh Throw. An dectrically-operated switch 
tiirow has |>een successfully applied to mine switches." 
This eliminates the danger oT having these thsowed by 
hand. Also, signal lights are worked in conjunction wii^ 
the throw. ‘ . * 

Welding. Electric are welding is becoming. more 
common for repair work. It is almost universally used 
for welding rail’bonds. This year has brought a new 
use in the. welding of a very hard special metal to the- 
tips of mining machine bits, to produce 1;en times the 
wear." 

Safety Work. The Bureau of Mines continues lo 
test all types of equipment to be used in gaseous mines. 
They have now placed their stamp of a|>proval on 30* 
types of motors. • * ' 

The approved cap lamp with greatly increased illipni' 
nation is being rapidly adopted." Over 30,000 of this 
type have been placed»in use. A new cap lamp with 
lead battery and dry dectrolyte has been developed." 
This should reduce-accidmtal bums frond eteclrolj^. 

11. Mines Equipment Co.» St. Louis, Mo. 

12. ‘‘Blaokor.” ^ 

13. Edison Models E. & F. 

14. Concordia. 


. Au(iio-Frequency Transformers 

Voltage-Ratio, Gltaracteristics Determined the Low-Voltage 

Cathode Ray Oscillograph 


• BY PAUL KJ.EV, Jr.' a 

€ynop8ia* — 7^e usual method of determining the voltage ratio of 
audio-frequency tra^nsformera employs a three-element vacuum tube 
in the cirauiL Due t(fth^fact l^cHt the results are a combination 
' of both transformer and vacuufn^ tube characteristics this method 
is not entirely satisfactory. This paper describes a new method^ 
using a low-voltage gatho^ ray oscillograph^ by means of which the 
voltage ratio of cktranSfoAier is determined independent of any other 
apparatus This newly developed method is accurate and simple 
in operation^ and gives the actual characteristics of the transformer 


id D. W. SHIRLEY, Jr.' 

for all frequencies and ^c. components. The ratios of severed makes 
of transformers were determined over a frequency range of 20 tb 
10,000 cycles and^t different degrees of magnetic saturation. The 
results indicate that the ratios are very good between frequencies of Jfi 
and SOOO cycles. Saturation within the usual operating limits was 
found to have little effect. The method developed was found to be 
exceptionally good, as the results are accurede and are readily repro¬ 
duced. However, precautions must be taken tb eliminate stray fields 
which may influence the tube unless properly shielded. 


. Introduction 

I N the last few years, the r,adio induSjtry has e^eri- 
enced an exceptional growth. Aocompanying this, 
growth is the desire on the part of the public for 
better reproduction of voice and music; and closely, 
connected wi& this is the aiqplification of audio fre¬ 
quencies. Tfes in turn calls for audio-frequency trans¬ 
formers which have good characteristics; that iij, good 
voltage ratios over a wide-range of frequencies. This 

1. Students in Electrical Engineering at Oregon State^llegt. 
This paper r^eiv^d the A. I. E. E. National Prize for*Branoh 
Paper (yeigr 1928). * 

Preseitted hefore the Portland Sections of The A. I. B. E. and 
The N. E. L. A., May S6, im. ‘ 


being the casd, it is important to be able to determine 
the characteristics of audio-frequency transformers in¬ 
dependent of the apparatus which would influence- the 
results. This paper describes a method by ipeans of 
which the voltage ratio of transfomaers may be deter-* 
mined entirely independent of all other*equipflaent. • 

Method of Obtaining Data 

Under actu^ operating conditions, an audio-fr^ 
quKicy amplifying.transformer has impressed on the 
j^rimary a direct current wiih a superimposed ^ter- 
nating current of. auSible frequaicyJ «The d-c.,com- 
ponmt ctf this pulsating cufrenij largely determines the 
point on the saturation curve at which the transformer 
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operates, and therefore may influence the voltage ratio 
at various frequencies, before.attempting to deta-- 
miwft thCivoltage ratios, the magnetization cupes of the 
transformers were obtained so that valqes of direct 
current withih the working range could be lised. 

The magnetization cufves were determined with a 
circuit arrangement as shown in Fig. 1. The data were 



Ourve t .Transformer A 

Curve 2. Transformer B 

40urYe 3. Transformer O 
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constrhctibn and operation will be given. The general 
arrangement of parts is shown in Fig. 7. 

A stream df electrons is projected from the heated 
filament on to the fluorescent .screen where it produces 
a bright spot. This electron stream may be deflected- 
by subjecting it to anjelectric or magnetic field, and 
the position of the spot at any time is an indication 
of the strength and directibn of the field at that instant. 
If properly coimected, these deflecting Adds will vary • 
with the current or voltage imder observation and thus 
dectrical phenomena are made visible on the screen. 

Due to the fact that the moving'elepaent consists of a 
stream pf electrons, the cathode ray tube is practically 
free from, inertia or resonance effects. This feature 
makes the frequency limits at least as high as Ihe upper" 
radio frequencies, which are far beyond the highest fre¬ 
quencies used in these tests. Another, feature which 
*makes this tube very desirable is itspccuraqr. This 
may be shown by the calibration curve, Fig. 2. As can 
be seen, the maximum deviation of any point from the 
experimentally determined calibration •curve is about 
one-half of one pw cent. 

Due to the action of the earth’s magnetic field and 


obtained by adjtisting the direct current in the primary 
to cartain values and then reversing the switch shown. 
The resulting galvanometer deflections, also shown 
plotted in Fig. 1, indicate the degree of saturation of the 
core. The* curves in Fig. 1 should not be r^arded as 
indicating the relative degree of saturation since dif- 
ferenl; galvanometer shunts were used; also, the number 
of secondary turns and other transformer constants 



Fio. 2 —Galibbation Cttbvb fob Western Electric Type 
324-A Low«V OLTAOB Cathode Ray Oscillogbaph 

• Anode voltage 312, using deflector plates PT 

were not the same for each. This figure d^es show, 
however, the shape of the magnetization curves and 
tiius indicates the range of d-c. values*which may be 
used in the primary. 

A'Westem Electric 824-A low-voltage cathode ray 
oscillograph taj)e was qised for measuring the primary 
and secondary voltages. Since this low-voltage oscillo¬ 
graph is comparativdy’new, a brief e3q)lanation of its 



Pig. 3—Circuit Used for Calibration op the Cathode Ray 
Oscillograph , 

other stray fields, aqd partly becau^ of the lack of 
mechanical alinement of tfie tube parts, ^e fluorescent 
spot may fall several ^timeters from the center of ttie 
sa*een. It is necessary tq^bmng the^^ot to the coiter, 
and here this was accomplished "by means of a large 
electromagnet mounted uf)on a movable platform. 
The spot may be brought to the center pf tiie tabe with 
a small magnet nearer the tube; ho'J/eVer, less distortion 
results if a strong magnet is used some distance away. 
By mcTving the position and relating the value^ of 
current in the electromagnet, the spot was brought to 
the center of the tube and at the same time the value of 
current supplied was boted. This tforrent value was 
held constant for all t^ts., 

• Due to the fact that the deflector plates are not the 
same distance from tiie screen and th?it they are not a 
^ven distance apart, it is necessary that tiie tube be 
calibrated for quantitative results. The- circuit used 
for calibrating the tube is shown in Fig. 3A. . A known 
sine wave alternating voltage was applied to the d^ec- 
tor plates uled and the length of the deflectioh, which is 
a^ straight liqe, Mg. 8b, on tiie fluorescent scareen was 
measured. 'Various values of voltage wei^ impressed 
a&d the corresponding deflection (^bserved. T^e cali¬ 
bration‘curve, Fig. 2, was then drawn by plotting 
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effective (r. m. s.) volts as qrdinates and totaUdeflection 
in centimeters as abscissas. 

• Evay pi'ecaution was-taken to eMmiaate errors in 
bbtaining data for liie calibration curve of the cathode 
ray tube.. The current supplied to the electromagnet, 
used to compensate for the. earth’s field, was held 
constant'durii^g the entire t^l. Also, the effects of 
stray fields were eliminated; fitst, by using closely 
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Fia. 4—CiBCUiT-UsED foe Determining Audio-Frequency 
' ftlANSFOHMBR RaTJOS UsING THE LoW-VoLTAGE CaTHODE RaY* 
OsOIIiLOGBAPH 

twisted parallel conductors for all current-carrying 
circuits; and second, by shielding the tube from elec¬ 
trostatic fields. The calibration varies witli the anode 
voltage and thus this voltage was held constant for all 
tests. For calibrating, the wave form of tiie applied 
voltage should be a sine wave, and to obtain tbis as 
nearly as possible, the harmonics were practically elim¬ 
inated with a filter as shown in Fig. 3. An oscillogram 
of the voltage was made and showed the wave to be a 
sine wave with practically no harmonics, less than two 
per cent deviation, and a crest factor bf practic^y 
1.414, The,calibrating voltage was obtained from a 
thr^phase'220/127-volt alternator. All instruments 
used in making ciJrrent and vojtage measurements were 
car^ully calibitited a^nst adburate standards. 

The conneclaons xised for measuring the transformer 
ratios is shown in Fig. 4. Asjiidicated in the diagram, 
.a battery*'*A” was connect^ t^ugh a resistance and a 
milliammSter to the prinuir:y^ of the transformer. This 
battery supplied the component of directtcurrent which 
is present in the'prsSiary of all audio-frequen<qr trans¬ 
formers. The variable-frequency voltage was obtained 
from a West^ Electric 8-A oscillator which 4iad a 
frequency range from 100 to 50,000 cycles and a good 
wave shape. The voltages at frequencies below 100 
cycles were taken from an alternator driven at different 
speeds so as to generate the frequency •desired. The 
voltage wave of tiie alternator* was peactically a sine ' 
wave. A condenser, C1 Fig. 4, was connected in series 
with the oscillator to prevent the direct current from • 
entering the j»scillator circuity To facilitate maldrrg 
measurements, a double-pole double-throw switch .was 
connected "to the primary and serondary of the trans¬ 
former and to the oscillograph, as shown inJFig. 4. 

The voltage drop due to the d-c. component in th% 


for this deflection. A method was finally adopt^ 
which used a compensating potentiometer, as shown in 
Fig. 4. This’ potentiometer.’voltage was cormected to 
oppose the.constant component of the pulsating voltage 
that would otherwise be applied to the cathode ray tube. 
By proparly adjusting this compaisating potentiorneter, 
the spot was brought to the center of the screen. As a 
test to determine whether the constant component was 
balanced, the deflector plates were short-circuited.. 
If the spot remained stationary when this»was done, no 
constant voltage was impressed on tHe oscillograph. 
The position of the compensating potentiometer and the 
battery in the circuit has no effect on the oscillograph, 
but merely acts as an additional load on the oscillator. % 

As previously explained, the oscillograph is very « 
sensitive to stray fields, and in Tuew of tihis fact, all. 
cujBent-canying leads were twisted. The leads frbm 
tiie switch or transfoim^ to the oscillograph should be 
as short as possible and not twisted. Thereasomfor this 
is that at high frequencies, the charging girrent due to 
the capacitance of long twisted wii;es acts as ^ load on 
the transformer when measuring the secondary voltage. 
It was found that if long twisted leads were used, the 
voltage ratios were lower for frequencies above 2000 
cycles. 

Several types of transformers were received and three 
transformers which were considered to be representative 
were chosen for the tests. The ratio of transformer A 
was 3 to 1; the core is of silicon steel and is eistra large, 
the entire transformer weighing very nearly five pounds. 
Transformer B has a ratio of 2.7 to 1 and wei^ about 
one and three-quarters pounds., ^ansform®* C has a 
ratio of 5 to 1, anS weighs approximately two pounds. 
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Fig. 6—^Vom-agb Ratio of Transformers Tested, Primary 
duBRENT Three Milliamperes 

Curve 1.Transformer A 

Curve 2. Transformer B* 

Curve 3. Transformer O 

4 

All of these transformers are standard make^ and are 
used extensively in radio work. Other informatioif 
regarding‘their construction was not available at the 
time these tests were made. • 

From a study of the magnetization curves, (Fig. 1) 
and a general knowledge of the primary currents usu- 


primary of the transformer caused the'electron stream ally found in radio receivers, it was decided to use 
to be thrown entirely<)ff the fluorescent Screen, and conA.* currents pf one, three, and.five milliamperes fof the 
sequentxy, some meafis had to be devised to comflensate -transformer tests. • * 
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In making all measurements, the value of current:in 

the electromagnet producing‘the'compensating field 
was adjusted to the pr&ietermined valu6 and held 
constant! The direct curr^t in the primary was then 
adjusted to *he desired value. As previously men¬ 
tioned, the d-c. component of voltage in the primary 
must be balancedso thatthereadingeouldbemadein the 



curves* would faU so dose t(}gether, only one curve has 
been drawn, and points have been shown only for the 
other two curvesi The curves seem to-indicate that 
the degree of saturation has, little effect on the trans^ 
former ratio. However, the fact that these cprves were 
taken at degrees of satimation bdow thp knee of the^ 
magnetization curve ifiust be considered, and these 
results hold for such vfilues only. 

Again referring to Pigs. S and 6, the curves indicate 
that in all cases the points, are imiform and closely 
follow the gurve. This indicates not only tiiat^the 
measurements were accurately made, but also that this 
method is satisfactory. 

Conclusions 

The major eondusions*to be drawn from this study 
are as follows: 

1. The method here outlined for determining 



Fm. 6 — VoLTAOB Ratio of TitAirsFoitMER A Using Various 
• Values of Primary Current 

O Primary current—1 mlUlampere 
• Primary current—^3 milllamperes 

+ Primary current—6 milllamperes 

center of tiie oscillograph’ screen. This was accom- 
, plished by adjusting the potentiometer across the 
comp^sating battery until the spot remained station¬ 
ary •when the deflector plates were short-circuited. 
A voltage of the proper frequaicy was then applied to 
the primary of the tirahsform^ and*its magnitude ad¬ 
justed to give a reading of primary and secondary 
voltage on the working range <jf the fluorescKit screen. 

- In measuring the length of the d^ections,* a piece of 
‘thin paper was placed over lihe fluorescent screen and 
the ma ximu m deflections of the visible spot were marked 
for both primary and secondary readings. To be sure 
the readings were accurate, each reading was dhecked. 
In a sinBlar manner, oth^ readings were made using 
different frequencies and various degrees of core satura¬ 
tion for each transfontfer tested. 

Discussion op Results 

The curves, Fig. 5, show the voltage.ratios of trans¬ 
formers A, B, and C with a primaiy current of three 
milliamperes. These curves show that in all cases 
the transformer ratios are very good at frequencies be- ‘ 
- tween 40 and 3000 cycles. The curv^ also show that 
“peaks” pccur witKn a range of frequencies from 4000 
lo 7000 cycles. Although each transforms had a 
different ratio, transforms C (curve 3) seems to have 
“the best characteristics as the jis cent insease in ratio 
at 3000 (grcles is less than for either of the other two. 
However, transforms A (curve 1) is practically as gocd 
as transformer (7 in thisi'espect. • 

The curves in Pig. 6 were made for transformei^A to 
show the effects of satiffation. Due to the fact that the • 
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Pig. 7 —Schematic View ©f the Cathode Ray Tube 

• 

* Key,— ♦V—rVie^rtiig screen 

P* Q .—Upper deflecting plates 
N. 0 —^Lower deflecting plates^ 

• A —Anode " 

• ,S—Shield 

0 —Oathbde r 

• B —Stream of electrons 

transforms voltage ratio is simple, direct,- and accu- 
Kite. The sror in making individual measurements is 
^nob mtre than ohe-half of one ps ceift. ' 

2. After tiie’circuit is once adjusted, measurements 
dan be*made very quickly^ "With a little experience, <■ 
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two men can obtain data for a curve in about 15 min. 5. Below the knee of the magnetization curve, the 
3. To insure a high degree of accuracy, stray fields degree of core saturation did^not materially affect the 
must be eliminated by doubling-all’cuitent-carrying voltage ratios‘over the entire range of frequency from 
conductors; by using leads from the transformer to the 20lbo 10,000 cycles. 

oscillographwhichareasshortaspossible, andby keep- The faculty of the Electrical Engineering Depart¬ 
ing them far apart; and by shielding the cathode ray ment at Oregon State College*deserves mentidh fgr its 
tube. Furthermore, the compensating field current and hearty cooperAtion in connection with this study, 
tiie tube anode volta,ge must,Be maintained at constant Considerable cresdit is due P. 0. McMillan, Associate 
■values.* Professor of. Electrical Engineering, and Messrs. A. L. . 

4., The results obtained from the transformers tested Albert and E. C. Starr, Instructors in Eldfetrical Engi- 
indicate that, the best working range is between 40 and neering, for their assistance and many valuable 
3000 cycles per sSc^, ' suggestions. 
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ANNUAL REPORT OF THE COMMITTEE ON AUTOMATIC STATIONS 


To the Board of Directors: 

This terminates the second year of the existence of 
this committee. The field of action in which this rela¬ 
tively new comanittee finds itself is so broad and has so 
many, inviting byways that it has been difficult to out¬ 
line the work. The engme%ring lionnection with the 
application of automatic control is so fascinating as to 
result in so many new ideas being steadily developed 
that sometimes the fundamentals are almost overlooked. 
.In the following report, Siis committee attempts to 
outline some of the development and offer suggestions 
which are intended to benefit this branch of the 
industry. » 

, • Scope 

The scope of this work coders automatic, and partially 
automatic*;, generatmg* stations *and substations, the 
committee* having complete’ jurisdiction over all 
apparatus associated with such stations., In addition, 
it has jurisdiction oy'fr systems of remote dispatching, 
control, indications, etc., associated with the industry. 
The committee is interested in the dissemination of the 
knoiJiledge and experience already gained in the design 
and operation of such equipment and combinations 
thereof, in order that this branch of the industry may be 
more fully developed. * . . % 

Economical ConsItructiOn 

The developments of the year indicate a general 

♦COMMITTEE OH AUTOMATIC STATIONS , 

W. H. Mlllan, Ohaiwman, " * 
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tendency to take advantage of the economical construc¬ 
tion possible with the use of automatic stations. If is 
still hard to realize the radical difference in station 
arrangement and set-up between the old firmly root^ 
manual system of operation and modem automatic 
operation. 

It is believed that one of the most radical and eco¬ 
nomical changes in station arrangement has been the 
elimination of the continuous switchboard. When .this 
is studied it is foimd that there is no longer a necessity 
for assembling all nf the control wiring from remote 
parts of a station at one point at the expense of thsu- 
sands of feet of wire and conduit. 

The above is particularly true in a-c. substations and 
hydro station appliiation^ where the details of control* 
can and property should be located as near the equip¬ 
ment controlled as is consistent with good fire protection 
and safety. It is now becoming common to see control 
panels located in various places throughout £f station 
close to the equipment controlled, thus saving considw- . 
able in wire, conduit, and hazard.' 

Another saving has been realized from the reduction 
in size and, in some cases, the complete elimiriaitioh of 
heating plants.* 

Ventilation has also been reduced, as in many cases a 
•considerable amount of air over and above that actually 
essential to station apparatus for the comfort of the 
• operating employes was required. • 

The problem of station location has been eased some¬ 
what by the advent of automatic control, as stations can 
be located now in places where it would be almost im-« 
possible to keep operating inen on the job on account of 
the absence of what might be cqnsidered the amoimt of 
daylight, pure air, water, etc,, necessary^ for the con¬ 
tinuous m^intenanfie of humq^l>eings. * * 
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Research and Development 


• Research during the past year has brought forward 
many improvements in detailed apparatus.which are 
contributing much to simplify the problems of applica¬ 
tions. Careful analsTsis^of operating records disclosed 

• the need of more simple means for the adjustment of 
^uipment to meet a wide rang& of applications, par¬ 
ticularly for the calibration of relays. * Much has been 

• done in this^connection with the result that not only 
have improvements in relays simplified matters of 
<^libration, but by extending the range of applications, 
the number of types of relays required has been re- 

^ duced, thus greatly simplif 3 dng routine inspection and 
maintenance. 

Simplified and improved supervisory control and 
remote metering systems have been produced as a result 
. of experience with several very successful schem^ in 
numerous applications. • 

Some work has been done in the development of 
devices for rwording operations, quantities, etc., on 
diarts, out this appears to be one of the weakest points 
m siutomatic development. 

Simplified schemes of control for tiie. automatic 
sftritching of rotating apparatus looking toward reduc¬ 
tion in the number of moving parts are being tried out. 
The economics of application are being given a great 
d^l of study. On a number of metropolitan street 
, railway properties, the items of power consumption 
from *h8 generating stations to the car wheels are being 
c^dfully analyzed. Operating voltages best suited to 
given areas will be selected and means for automatically 
or remotely controlling the substation apparatus for 
proper adjustment of the voltage to operating conditions 
will be provided. , 

• Operating Reports and Inspection 

The predecessors of this committee have stated that 
the ait would advance much more rapidly if more 
operating engineers would avail themselves the oppor- 
timty St l^tute meetings to teU, through papm^s, of 
^eir individual ejperiences and freely taking part in 
discussion. It is felt that in this way the awnn al 
comimttee will be more representative. 
•With this idea m nund, your committee has this year 
sent out questionn^es attempting to gather operating, 
mamten^ce, and inspection data from a wide field of 
^erience covermg a variety of applications. While 
^ these questionnaires may be considered a burden by* 
some, this commHjee feels that a lafye number of engi- 
.n^ art vitally interested in the subject and are *; 
willing to furnish the data requested to tiie end that the 

may be more universally applied ^d incidentally ; 
mproved. Some answers to the questionnaire have i 
beep grayed, but not a suflSicientmumbCT to present a i 
re<^itifiation m the ijages of this report. This com- *] 
mittee mtends to turnr this partiy finished work over to 


its successors with the eapiest recommendation i-h at 
(j they carry it forward. 

e Inspection''and .maintenahce of automatic plante 
may be catalogued into two .general classifications,— 
1 quality and quantity;—depending entirely upon the 
f continuity of service expected and demanded of the 
_ automatic plants andjby the individual managements. 

1 The word “maintenance” is used advisedly in view 
r of the fact that inspection and maintenance'are so- 
f closely allied at times as to be'almost inseparable, r 
> Past and present experience ag reported by the 
• various operating engineers seem to ^close the fact 
that to properly function, automatic equipment should 
be given casual and periodical inspections. Thesq 
I inspec^ns vary accordi&g to the needs and conditions 
: of the individual installation and the severity of service, 
i ^ The casual inspections on metropolitan systems as 
reported are made as often as two hours apart duriiig 
■ the heavy hours of the day, and two or three days apart 
, on other systems and conditions. 

These inspections usually consist of observing the 
functioning of equipment in service, overheated con- 
tacts, graphic chart clocks for time, inking, bearings, 
overheating, ventilation, etc. For stations outside of 
metropolitan districts -the casual insp^tions are like¬ 
wise reported as being made daily on some systems, and 
weekly on otherc, ranging m the average of two or three 
times a week, with a tendency to make fewer inspections 
when the stations are equipped with supervisory control. 
The actual time required tOrinake a casual inspection is 
much less than the travding time. 

r - 

Standards 

r 

Standards for Afttoiftatic Stations r(No. 26) were 
adopted and issued in 1928. It was realized tha^ in 
view of the rapid progr^s of this branch of the industry, 
it would be necessary tb^vis© these standards^from 
time to time. A subcofluriittee has worked out some 
desirable chafes which are not juffieiently voluminous 
to warrant a revision of the Stijndards ^ published, 
however this committee will add to thig group of 
changps from time to time, until it is felt that it is 
worth while to present them to tbe Standards Com¬ 
mittee with recommendations. ' • 

* RmUOGRAPHY ' 

With the id^ that a complete bibliography of 
Automatic Station” literature would be of inestimable 
, value to theelwtricalengineeiJ,this ccamnittee published 
as an appendix to its report of l^t year a complete 
bibhography up to the* date of this repdrt. A supple¬ 
ment covering literature published since the last report 
and up to ^arch 1,1929 i§ included as an appendix to 
^tWs report. Acknowledgment and thanlm is hereby 
^vowto tbe Main library, of thq General Electric 
•-.Company for tiiis service. ” 
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ANIWAL REPORT OF COMMITTEE ON PRODUCTION AND APPLICATION OF LIGHT" 

«* • * 


^0 the ISoard qf Directors: 

, * ’ % * 

• Introduction 

The report of the Comraittee on Production and 
'Application of Light calls attention to the outstanding 
advancements and trends in the art ^f lighting by 
eleciricity. Matefial used in the compilation has been 
furnished not only, by members of the committee but 
by other authorities in various fields. • * « 

, Production op Light 
As was the case a year ago, most of the developments 
in production of light during the past year have been 
o^the nature of ^improvements rather than radically i 
new devices or methods. 

Incandescent Fimment Lamps 
Sto/ndard Multiple Lo/mps, The 60-watt inside- 
frosted lamp is now made in the A21 bulb, as is also the 
60-watt. This simplification is of advantage not only 
to the manufacturer but to the user. 

Therfe has been brought out a 76-watt inside-frosted 


Street Series Lamps, There has been further stand¬ 
ardization of bulb sizes for street series lamps with 
resultant greater flexibility in manufacture and in use. 

Aviation Lamps, The ideas of illuminating engi-. 
neers on the subject of floodlighting for aviation land- 
ing fields crystallized during the year to £he point where 
it was impossible to standardize a group of four lamps 
for this service. These are the 1600-watt 32-volt T-24, 
the 3000-watt 32-volt GT-38, the 5000-watt 115-volti* 
Gr-64, and the 10,000-watt 115-volt Q-SO airport flood*- 
lighting lamps. ^ 

Ifiotion Picture and Sound Recording Lamps, The 
introduction of motion pictures accompanied by sound 
required the development of a number of new tpyes of 
incandescent lamps designed for use botl^in the studio 
where the pictures are taken anjJ in the projection 
apparatus. In the studio, in addition to the standard 
general lighting lamps, three high-wattage lamps 
especially designed for this service are used. These are 
the 2000-watt 116-volt G-48 bulb spotlight, the 6000- 
watt 116-volt G-64 and the 10,000 watt 116-volt G-80. 


Genwal application 


Night indication, Including switch lamps, 
semaphores, wig-wag highway crossing 
and crossing gates.?. 


Amperes 


Bated ayer. 
.life (hours) 


Day and'night indication including light 
nals and highway crossing flnahiTig 
signals.. 


bulb lamp in the A23 bulb, Having the same dimensions 
as the lOO-watt • 

Special MuUipU Samps. The 10-watt 115-voIt in 
the C9J^ bulb has been improved in appearance and a 
new 25-watt 116-volt T6J4 bulb lamp has* been 
announced. This lump is for use in showcase and other 
small reflectors. 

Railway Signal Samps. S^veral tsrpes of lamps have 
been standardized by the SignalSection o^the American 
Railway Association—these h&ve thb popular. C-2 
fllamentjo rm. 

♦PRODUCTION AND APPLICATION OP LIGHT: 
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Colored Lamps, Light's Golden Jubilee, celebrated 
this year to commemorate the 50th anniversary of the 
incandescent lamp, is made more colorful by the use of 
inside-colored lamps, a process.developed during the 
year. By this process, the coloring material is sprayed 
on the inside of the bulb walls instead of on the outside. 
Thus the colqring material is protected^ from the 
weather, is rendered permanent and proof against 
fading or scratching, and the outside of the bulb is left 
^smooth to retard the accumulation of dirt and penhit 
easy cleaning. ' . 

Bases, Sockets, and Adapters, ^here h&s been 
brought up a mogul prefocused base, similar to the^ 
medium screw base brought up on last year's report. 
This is used fdi* various spotlight lamps, floodlight* 
lamps, airplane heajjlight lamps and airway beacon 


L. A. Hawkins, G. H, Stidmey. . rl daxway ucauuxi 

Presented at ike 8uv[i,mer Convention of the A* I. B, B,, Swamps laftips. New Vibration resisting adapters nave been 
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further protection to lamps burning under conditihns 
of extreme vibration. ' . * 

VoUage Standardization. It is common practise to 
refer to the lighting circuit voltage as “110. Volts” but 
it may surprise many to learn that 110-volt lamps 
comprisdd only 8.1 per cbnt of the total number in the 
100- to 130-volt range sold during 1928. Approxi¬ 
mately 48 per cent were rated at 115 volts and 39 
• per cent at 120 volte. The remaining 5 per cent were 
scattered ambi^g the other voltages in that range. 

Gaseous Conductor Lamps 
M&reury Are Lamps. To meet the demand for in- 
^dusMal ligh^jng unite giving a radiation more nearly 
§quivalent to direct sunlight in the effect on general 
health, mercury arcjjubes have been made up in forms 
identical with those used for industrial lighting, b^ in 
glass of slightly higher ultra violet transmission. 

The rapidly expanding field ^f application of quartz 
mercury arcs in both therapeutic and health lighting 
has brought forth a variety of new t 3 T)es of arc, all of 
them differing froin older designs in minor mechani- 
caVdetails of construction and appearance only. 

Neon Lamps. Smaller electrodes are being used 
than were formerly thought possible and lamps of 
higher current density are coming into greater use. 
New color effects have been, obtained by means of 
filter glass tubing and by the use of different gases. 

Hot-cabhode low-voltage and negative glow socket 
type pf*neon lamps have undergone further develop¬ 
ment during the past year. 

Induction Lamp. The electrodeless discharge in 
neon, in the form of*an induction lamp, has undergone 
development during the past year and is being used 
experimentally as a light source for airway beacons. 
A three-in. clear fused quartz bulb incloses the luminous 
'gas. The lamp. under operating* conditions has a 
brightness in excess of 40 candles per sq. cm. and when 
used at the. focus of a 36-in. mirror, a beam candle- 
power of the order of 500,000 is obtained. 

Carh<?h Arc Lamps. A number of types of arc lamps 
uang impregnated .carbons has been placed' on the 
market for therapeutic use. While some of these are 
of the cheapest construction, othos are very well made 
and provided with filtering glasses for proper ranges in 
the ultra violet spectrum. • 

Application of Light 
Interior Illumination • 

Industrial lAghting. The past year has witnessed an 
^increasing acceptahce on the part of production man-' 
agers of high levels of general illumination. A“ong the 
new lighting systems installed was a goodly number in 
^which 16 to 30 foot-candles of generaPillumination are 
obtained; in some instances highw illumination values 
of 40 to 60 foot-candles over large areas have been 
foug^d econonjical. 


interest ki special lighting for specific jobs. Group 
lighting, a system in which the lighting units are located 
with respect «to the machine groups, has .been adopted 
in a number of plants, especially those where the locai- 
tion of the machine groups is fair’y permanent and 
in which the direction of Jight desired is constant. 

The development bf group lighting aiJplications 
requires characterisfic distribution curves of light 
which are necessary to obtain the greatest utilization 
over any given* area; more and more attention is being 
paid to the cpntrol of light to fit these requirements. 

, Commercial Lighting 

Merftion was made last ye^ that installations de¬ 
signed along modernistic lines were beginning to appear. 

The Merchant is always in search of the new to attract 
customers, and it is natural that he is one of the first 
, to adopt the new school. The distinctive shops hap^e 
given us some wonderful examples of the use of light 
for decoration and even the department stores under 
construction are decidedly modernistic in feeling. 

The entrance and lobbies of the new office buildings 
are striking and generally lighted in such a way as to 
take full advantage of the potentialities of present day 
light soiuces. r 

Residence Lighting 

The modernistic trend Sn home lighting equipment 
has made a vast stride in the past yeaj^ American 
manufacture are offering many varieties of fixtures 
closely resembling thg. designs which European artiste 
have been developing. Decorative portables, wall, 
brackets, and center luminaries' are designed^-with 
pronounced geometric plane surfaces representing in 
many instances an assefi^bly of rectangles, triangles or 
squares of various light colored tints 9 plain shades, 
and artistic mixtures. These glass, planes not only 
conceal the lamps from*gdhera^ view but also diffuse 
the light over a wide area*,thereby creating § quality of 
illumination which engineers have been striving for 
years to introduce into the Ami^c^n home for whole¬ 
some lighting. 

IAgii,t Ornaments. A few years ago the use of light 
simply for decoration was encountered only nErely. 
Now one scarcely passes a single gift shop which does 
not display one or .more forms qf light ornaments. 
During the ^ast year American manufacturers have 
developed som^erycoinmendablet 3 T)es. Theseusecast 
figures against lighted background, translucent colored 
urns, cut crystal figures lighted from-beneath, ^d even 
translucent porcelain. 

• ^ 

. Motion Picture Lighting 

A ^census taken about the first of Febniary shows 
that of softie 60 or more pictures in the process of being 
•photographed approximately 60 per cent w^ being 
, made with incandescent lamps, an; incfease from 25 

__ 'I -I nno mi-- _ i .. . 


-.-•- • « ^ XCfcXJ 

Following closely upon.the acceptance and installa- -'’per cent as of‘July 1, 1928. The general practise of 
tion of these higher fevgls of illumination is an increasing- 'the studios has been to'make'^their sound "^pictures 
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entirely with incandescent lamps and to restrict the 
use of other illuminants to the silent pictures. 

. The Universal Studio has recently dbmpleted the 
filming of the picture ‘‘Broadway,’* taken from the 
•populhr New York success of "the same name. The 
largest indoor set ever constructed was used for the 
cabaret scene. This scene, together with several 
others immediately adjacent and really becoming a 
•singlelarge set, was lighted entirely with 4800 incan¬ 
descent lamps whose wattage totalled 3,900,000. The 
largest part nf thfe energy was employed ki regulation 
motion picturfe.photographic lighting equipment. 
There were, however, many thousands of lamps of 
flower wattage employed for decorative effects. 

Installation Standards 

For several years illuminating engineers have been 
feeling an inerting degree the limitation of inadequate, 
wiring as an obstacle to the development of good* 
lighting practise in commercial and industrial buildings. 
:^om a study of the problem Tit was concluded that this 
situation and other problems could best be met by co¬ 
operation on the part of central station lighting service 
bur^us wifh architects. In formulating a plan certain 
officials of th^ American Institute of Architects were 
consulted with gratifying response. Therefore in the 
Pall of 1928 a committee of J:he National Electric Light 
.Association started in on a program of constructive 
effort. Tw» courses of instruction for central station 
lighting semce engineers have already been held at 
which pertinent technicak infoionation was reviewed. 

■ To^express the adequacy features of wiring so that the 
illuminating engineer Inay plan proper lighting a set of 
model specification paragraphs has been prepared 
containing some new features^whiSh facilitate checking 
up,on the wiring construction work. 

A third phase of the program is a plan of advertising 
to ^pha^ze to m-chitect^ 1;h6 importance of good 
lighting and to interest th^n’in cooperation with the 
lighting experts of theijentral station con^janies. 

Based on exp’erigftce in Chicago, the Society for 
Electrical Development has adopted a simplified 
method of planning and figuring the lighting installation 
in accordance with present-day standards. This is 
known as the Franklin Red Seal Lighting Specification, 
the rules being published in pamphlet form &nd provid¬ 
ing for all conditions ordirikrily existing in that field. 

Exterior Illumination ' 

SireetJUghting.^ Street lighting practise is progress¬ 
ing slowly but at a rate* which with a few sporadic * 
exceptions is inadequate to meet the rigorous demands 
of modem high speed traffic. The average light output 
of incandescent street series lamps* sold during 1928 was 
6.8 per cent higher than thb output of sueh lamps sold 
during 1927 (Report of Lamp Committ^, E. A.)* 

This is one incfication of progress, since the user of* 
larger lamps suggest^ improved street lighting. ^ Yet it 
is the general testimony of fSie best informed en^neers 


. • . • ' • 

that a marked advance not only in the Amount of light 
produced for .street lighting but also in the skilful , 
application of that light is reduired before street lighting • 
practise may be considered to be abreast of modem 
requirements. . * 

The outstanding development in street lighting .is the . 
increasing reeo^ition of the importance of a compre- 
hensive street lighting plan prepared in coordination 
with city planning at large and particularly with regard • 
to street traffic problems. The practise *of classifying 
projected street lighting plans by stating the illumina¬ 
tion required for streets of different character is also a 
growing tendency which promises a more definite and 
scientific treatment in the future. ® • * 

It is coming to be recognized increasingly that the * 
only thoroughly satisfactory soluluon of the automobile 
heeifilighting problem is to provide street or highway 
lighting sufficiently topermitsafeand expeditious transit 
without the emplosnnent of powerful far-reachifig head¬ 
lights, and at least with depressed headlight beams. 

In the case of interurban highways, the problem of 
providing fixed lighting is receiving much attention. 
Where needed, enabling acts to permit counties an d 
villages to provide for highway lighting are beipg 
sought. 

Traffic Signal Lighting 

In the year 1928 much was done towards standardiza¬ 
tion of traffic signals. The report of the Committee of .. 
the Am^can Engineering Coimcil on Street -Traffic 
Signs, Signals, and Markinp was finally finished*and 
has been issued in pamphlet foijn. This report is very 
complete and doed a great deal to* lead to standardiza¬ 
tion of traffic signal practises. Very little change has 
occurred in traffic signals themselves since these had 
reached a very high stat4 of development prior to 1928. • 
During the year, however, traffic control apparatus 
took another stfep forward in that practically all manu- 
facturera developed control apparatus for a full co¬ 
ordinated movement of traffic. 

Portable Flasher, There is being brought out a port¬ 
able elecfric fiasher designed. primarily for traffic 
warnings where kerosene lanterns have been exten¬ 
sively used. It has, however, many other possible uses 
in connection with both land and water fraffic. 
Although the initial cost of the beacon is considerably 
more than that of oil lantern, its maintenance-cost is so 
much less that in the long run, it pro-rides the most 
economical warning signal. 

Automobile Headlighting. Comnltttees of 4he Illu¬ 
minating jEngineering Society and the Society of Auto¬ 
motive Engineers have been active during the past year 
considering such subjects as Specifications for Head-* 
lamp Mountings, Specification for the Test of Rear 
mad Signal Lamps, and Conunents on fhe Existing 
Specifications for test «f Headlsipips of ^he dual beam 
type.* . ** ’ • 

The outstanding achievemfent’d-ining tiie past year in 
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motor car lighting has been th^ adoption of fixed-fociis 
construction for headlami^. ^^rious *^ivestigations 
have shown that the principal cause of glating lights 

has been improper focusing of the lamps. . • 


Sign Lighting 

The two schools of electrical advertising sponsored 
by the National Electric light Association in the 
.Spring of 1928 were so successful that it was decided to 
try out local schools in the geographic divisions. Three 
of th^e sehoolshave already been opened, New England 
Division in Boston, Mass., Great Lakes Division in 
Chicago, III., and East Central Division in Cincinnati, 
•Dhio. Others are planned for the Fall. The Society 
•for Electric^ Development, Electrical Advertising 
Section, is .bringing owt a Plan Book suggesting methods 

by‘which public utilities can stimulate electnical 
• advertising. 

Among the developments in Sgn lighting during ihe 
past year, shopld be mentioned the new Sll sign lamps 
supplied jn colors an^J with the intermediate screw base 
the so-called “Talking Signs” in a variety of sizes and 
rae* continued improvement in gaseous tube signs. 
Some of the latter are used in combination with in- 
cahdescent lamps for very effective combined signs. 
Lighting op Building Exteriors 

Floodlighting is being used more extensively to bring 
out the a^hitectural beauty of offices and public build¬ 
ings at mgkt. In the larger cities new buildings are 
generally erected with step-back construction at the 
higher -levds and these offsets made the use of flood¬ 
lighting particularly, effective. Arphitects are also 
shomng a greater appreciation of the value of flood- 
hghting with the result that in some instances the 
^enor lighting of the buildlpgs is considered at the 
tme the designs for the building are made.* Colored 
lighting is receiving more attention, an^ the combina¬ 
tion of color and motion in what has been called mobile 
color lighting is unfolding new possibiUties for attrac¬ 
tive night displays in building decoration. There is a 
very dedded t^d toward the use of colored lighting 
either with or without.motion as this type of lighting 
has much greater possibilities than the use of plain 
white light. 

Lighting for Aviation , 

Beacons and course lights have been installed on 
approximately 9000 mi. of the national airwa 3 rs by the 
U. S. Departuient of Commerce, and about 2000 addi- 
•taonal miles will be lighted by the end of June, 1929 
J^ere ceurse HgKls are mounted on beacon towers’ 
when no landing field is near by they are equipped with 
a red color screen; when a suitable landing area is 
In the vicmity, with an amber color scrJfen. 

During &e past year there has bpen great activity in 
eqmppmg airports for night flying with a view to ob- 
tompg an “A” ratin&from th8 U..g. Department of 
Cominei^, which h^ issued Aeronautics BuHetifl No. 
16 explaimng the requirements in detail. 


The retractable airplane headlight inay be operated 
on the retract^ position with beam pointing dov^nward 
for. pick-up and can also be used in any intermediate 
position to forward, where it is usually held when con¬ 
tact is made with the ground. The flxed headlights are« 
imually stream lights jp* the • wings to reduqe air re¬ 
sistance. A smaller headlight with a 6-in. reflector has 
has recently been developed using.a 100-watt 12-volt 
A-19 biflb lamp with intermediate profocused” base. ■ 
The subject of airplane headlighting is being studied by 
a committee^of the Society of Automotive Engineers. 

^ Lighting op Bridges and Tunnels 

Since the opening of the Holland Vehicular Tunnel 
imder the Hudson River,.a new standard for the light- ‘ 
ing of underground vehicular passagewa 3 ^ has been 
^tablished which is being followed by,several similar 
installations, notably the Zion-Mount Carmel TunmstI 
in Utah and the Detroit Vehicular Tunnel between that 
city and Windsor. An item of interest may be re¬ 
corded, namely, that highw intensities of roadway 
illumi^tion without glare speeds up traffic very 
materially and quite directly returns a greater revenue 
from the investments in the complete structure. This 
same fact is now recognized in connection with bridge 
^^c as is also fairly well recognized thrf act that 
bridge lighting should be of the order of two to three 
times the intensity of the connecting highways. T he 
floodlighting of bridge structures, especijflly the ap¬ 
proaches thereto, has resulted in a considerable beautifi¬ 
cation of wafer fronts incidentally affording greater 
safety to aviation pilots. 

* ' 

Underwater Lightin:g 

Coi^dmable inter^t has been displayed in the ap¬ 
plication of electric incandescent lamps to under water 
illm^tion. The 1000-watt, 116-voJt, G-40 bulb 
special diving lamp whihlj'is self-contained" and> de¬ 
signed to be operated dirSotiy immersed in tlie water is' 
sl^dard equipment for all capital ships in the U. S. 
Na^. Luminous fountains ha^ee Been constructed 
with light projectors mounted beneath water-tight glass 
plates.or with separate water-tight self-contained pro¬ 
jectors located in the water or at the base of the foun- 
tmn jets. Various types of equipment are now avail¬ 
able, some’•consisting; of lamps mounted behind gW 
plates, others ]^ng water-tight metal units moulded in 
, tile pool ^ wall, ^ and still others being water-tight 
self-contained units operating completely surroimded 
.by water but located generally in niches prei^ed for 
them in the pool wall. 

International Commission on Illumination 
The last year was a very important one for the U. S. 
National Committee, inasmuch as the American mret- 

o^the International Commission on lUumination 
,was hdd thep. * . ; * 

\ The .commission has some 16 f^mical compiitt^, 
all of which met at .SaraiSac Inn and considered tiie 
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recommendations and reports from various national 
committees, with a view to formulating recommenda¬ 
tions for adoption by the commission. • The 
•papers at this meeting covered a wide variety of sub- 
^ jectSj^the^ practical details of lighting practise receiving 
a v&ry large %mount of attention. 

The proceedings of the meeting which are now being 
printed mil make a volume ilpward of 1600 pages, 
constituting a very notable summary of the fiTiating 
state of the art and science of illumination not only in 
this country but throughout the world. 

The next meeting of the commission, in *1931, is to be 
held in England. •* ^ , 

The committee wislws to acknowledge the coopera- 
-* tion of the following men not members of the com- 


njittee: E. W. Beggs/H. g. Broadbent, R: E. clrlson. 

C. Dick, S. G. Hibben, H. C. Rentschler, 
Geo. H. St. John, and R. L. Zahour of the Westinghouse 
Lamp Company; R. E.^ Pamham and jTames M. 
Ketch of the National Lamp Works of the General 
El^Wc Company; 'A. L. Bree, E. B. Fox, A.*L. Powell 
and G. P, Pndeaux of the Edison Lamp Works'of the- 
General Electric Company; C. A. B. Halvorson of the 
General Electric Company, West Lynn, Mass.; H. P. 
Gage, of the Corning Glass Works; Loyd A. Jones of 
^e Eastman Kodak Company; K. W.,Mackall of the 
Crouse-Hinds Company; R, D. Mailey of the Cooper 
Hewitt Elecirtc Company; S. R. McCandless of the 
School of Fine Arts, Yale Universit 3 (^ and C. H»' 

Shaip of the Electrical Testing Laboi;3,tories. . ■* 


ILLUMINATION ITEMS 

* 

Submitted by the Committee on Production and Application of Light 

.THE ELECTRICAL ENGINEER AND LIGHT THERAPY 
W. C. Kalbi 


The popularity of the present sun-tan vogue and its 
hearty endorsement by prominent members of the 
medical prof^on point to the probability of the de¬ 
mand for artificial sources of sunshine being p^manent 
rather than the fad of a da^. * 


It is as essential to life and health as food, water, or air. 
Normal growth and development of the child demand 
complete sunshine. 

The electrical engineer is not concerned primarily 
with the application of light in the therapeutic sense; 
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Due to this fact there has been'a marked stimulation the treatment ’and cure of disease is essentially thi 
of reseafch with the purfiose of produdrig artificial function of the phjsgician, not of the engineer. How- 
somcM of filumination closely ap^roxpnatiijg ths eVer, electrical sources of illumination having been 
radiations received from natural sunUght., Throughth^, found to be the nipst fracticahTe means of reproducing 
centungs,'mankind Ijas grown accustomed to sTjnshine: ■ i. •Nattohal Carbon Compand, cipvpland, 0. 
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all the bands "of radiation found in sunlight and even 
rays of shorter wavelength valusibie in light therapy, 
the eleeiyical engineer is‘*vitally concerted with the 
growth of knowledge in this,field to the end ofliroviding 
still more efficient light producing units. 

Throu^ the demand* for sm artificial source of 
sunshine to be used in the home and a dependable source 
of ultra-violet radiation for use in light therapy, the 
•carbon arc has received a new stimulus... Instantly 
available at fall, intensity and free from loss of efficiency 
with use, this type of illuminant is attracting marked 
attention. 

^ Carbons used for light treatment are almost invari- 
’ Wy of the flalne type. The outer shell of pure carbon 


radiant energy in wavelengt^is ’less than 2500 Angstrom 
units to total radiant energy is greater than that for 
any of the other core materials here discussed. 

To produce a darbon emitting a high percentage of 
infra red ra 3 rs, strontium is used in the core. , Thp light, 
from the arc formed by this c^bon is decidedly reddish 
in color, and the quanfity as well as the percentage of 
infra red radiation greater'than that obtained from any 
of the other core materials. « 

The foregoing statements clearly illustrate .the 
ver^tility of the carbon arc. By mbdifjdng the com¬ 
position of the core many other variatidns are possible. 
Experience, hcrwever, indicates that with the five types 
of carbon electrodes here described it is possible to obtain 


• a L.--1*^“, uicitruuneieciroaesnereaescnbed itis possible to obtain 

practicaVy any distribution of radiant energy which the' 
greater portion of the radiation compa from flio flame __ .. vy«n.u uib 


greater portion of th% radiation comes from the flame 
of the arc rather than the incandescent tips of ^e 
carbons. By varying the comi^sition of the core, the 
characteristics of the radiation emitted can be modified. 

For the close reproduction of natural sunlight, cerium 
is used in the core of the carbon electrodes. The bare 
arc^thus formed has a distribution of radiant energy 
c ose to that of natural sunlight. Lake all carbon arcs, 
hqwever, it emits some rays of wavelengths shorter 
than 2900 Angstrom units, the shortest rays reaching 
us in natural sunlight. These can be screened out by 


physician may desire in the practise of light therapy. 


MOBILE COLOR LIGHTING AT BARCELONA 
EXPOSITION 

C. J; StAHLI 

From the standpoint of mobile color lighting, the 
Int^national Exposition held this year at Barcelona, 
Spain, is the most exquisite display of its. kind ever 
produced. It is particularly interestijpg as to the 

quantity of colored light employed and the extent of 

___ _ 


ua 111 natural sumignT;. inese can be screened out by cmpiuyeu anu tne exieni: oi 

using a suitable filter of special ultra-violet transmitting over which c9ordin^ted sequence is maintained, 

glass. The efficiency of this arc for purposes of ir- approximately one-third of a mile, 

radiatipn and the similarity to the radiant energy dis- width it averages 360 ft. Botlvas to colors 

tribqtion of nati^l sunlight can be further increased by 
the use of a suitably designed reflector. The accom¬ 
panying figure illustrates by means of/jurves and specto- 
grams the distribution of radiant energy for natural 
sunlight in comparison with that of a cerium-cored 
. carbon arc backed by a carefully designed jchromium 
plated reflector and screened by U filter of special 
ultra-violet transmitting glass^ 

In the treatment of physical disorders the physician 
makes use of ultra-violet radiations shorter than those 
found iif natural sunlight as well as infra red rays of 
^eater proportional intensity than that normal to sun¬ 
light. The carbon arc -may be adapted to these special 
requirements by selecting suitable materials for the 
composition of the core. 

The use of iron in the core of the carbon electrodes 
gives strong ultra-violet radiation in the band from 2300 

to B^OO ^gstrom units. A polsonetallic core com- , e sms lom- cascaaes wmcn are illuminated in 

^ posed of iron, nickel, aluminum, and silicon is particu- * “oWie colors, so that t&e color seems to flow down lik e 
larly strong in th^ zone from 2700 to 3200 Angstrom water that carries it; only more slowly. « 

«ni^te. This embraces that band of rays which medical . 3. There are more than fifty fountains all fullv il- 
consider most effwtive in the cure and pip- liuninated and controlled so that color changes may be 
,yenrion of nckets aa well as those rays Jiaving the most synchronized with thp changing colons of tlm cascades 

«p.d^„a.^prod„e.^^e.tation''ofth.skta. 4. 'TheK.a:. appro:C4 two 

’ , core of the carbon gives considerable columns of v^ous shapes and, in addition manv urns 

ffitra-violetintensityfty1n3100to3600Angstromunite, n, • ^ . 

but Its most Wriki^-tfeft is tbat-the proportjpu of vL 


and intensities, this widespread synchronized mobility 
is controlled through ^ multiplicity of circuits which 
appear hopelessly intricate.until the systematic desing • 
and arrangements are understbdd. The apparatus, 
to control automatically the changingr colors, (5000-kw. 
connected^ load), cost approrimately $260,000.00 exclu¬ 
sive of freight, erection, wiring, or the etectric distribu¬ 
tion system. 

The sloping exposilSon #^ea wa& transfo;toed"*into, 
a series of terraced gardei& where luxuriant trees, 
beautiful flow^ beds, fountains, statuary, and cascades 
adorn the grounds. ^ 

Throughout this area, the colored lighting display 
is composed of the following elements: 

1. There is an aurora of searchlight beams from’ 
24 to 36 ii^.; 150-ampere searchlights placed back of 
the dome of the Natiohal P^ace. 

2. There af*e four cascades which are illuminated in 


• .. 
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flower pote, and Are pots^most of which can be S 3 nti- 
chronized in like manner. 

, From back of the dome of the Nation^ Palace over¬ 
towering the central area; an aurora of colored search- 
dight beams fan out over the heavens. As the aurora 
radiates upw^d, the ground display is a great stream of 
color consisting of the cascades, fountains, crystal 
columns and various other ornamental shapes, all 
• aglow\(rith colored light which progresses through con¬ 
secutive dimming and brightening so that it seems to 
flow down the incKn^ central area. The effect is that 
of a mammoth* staircase, almost half a mile in length, 
illuminated with slowly moving waves of color. Blue, 
^ for example, starts front the National Palace at the top 
and moves slowly down. When the blue has gone 200 
meters, the effect of a mixture of red appears, gradually 
changing to pure red. Green follows, and then white, 
v^ich holds unljl the advancing colors have reached* 
the lower end of the Avenida de Americas, the time 
consumed being twelve minutes. By pressing a button 
at the central-control station, the entire cycle is re¬ 
peated. At this station, one or more artists supervise 
the composition of the almost endless variety of color 
combinations, of which twenty may be set up in ad¬ 
vance.. ConsMering that the color panorama of the 
centr^ area takes in four cascades, three large foun¬ 
tains and more than fifty sntall on€s, as well as some two 
hundred or more glass ornaments, a most beautiful 
effect in moBile colors is produced. Adding to this the 
colored lighting of facades bounding thf central area 
. (which can be carried fomard^n steps to coordinate 
with4:he mobile progressions) also the changing aspects 
of the fountains^due to great flexibility in hydraulic 
controls, we begin to picture a spectacle of supereminent 
beauty. * * 

’The floodlighting of facades, domes, and minarets is 
acco{npli$hed niostly ^y l{^h4 directed upward. This 
creates s^dows, and thes^ *as well as small arches, 
niches,, and other architectural indentures, are lighted 
from concealed eou^ in soft contrasting colors to 
accentuate ‘tlie architectural embellishments both by 
depth and color contrasts. Yellow, red, and light green 
are j^ed mbst for this purpose. * 

Where facades are illuminated in order to give the 
impression of intejior life, the wipdows, do*s and por¬ 
ticos are illuminated from the back, all in soft tones 
harmonizing with the lighting d^the fa(;^des. 

Stone incense pots showing colored vapors are also 
employed at certain locations. In general, green and. 
light blue colors for static effects of considerable dxu'a- 
tion are preferred to deep reds; orange and gold, 
however, are not lacking, , All*, elements are softly 
illuminated with diffused .light, avoiding ampleasant 
glare. The qualities of comfort, mystery, elusiveness 
and colossalism are outstanding. • • • * 

In general, reactorn are employed for*the dimming oC 

^9 


lights. Many of these are of 200-kw. capacity. They 
are placed at remote points close to tlie load they con¬ 
trol. Motor-generator sets are used in connection with 
the 200-kw. reactors, the, control being effected by 
bringing the shunt-fleld circuit of the d-c. generator 
to the dimming resistance pl&te at the centrSJ control 
station. 

As resistance is cut out in the dimming cycle, the d-c. 
voltage of.-the motor-generator set increases and the- 
direct current delivered to the. reactor, by the motor- 
generator set therefore also increases. This decreases 
the effective resistance of the reactor, which is connected 
in series with the primary winding of the 5600-volt, 
50-cycle transformers supplying energy*to the lamp** 
circuits. When the current in the d’^c. winding of tKe * 
reactor is at maximum, the secondary voltage of ,the 
sujJJjly transformers is at full normal voltage, and the 
lights at full brightness* * 

Space does not permit of.a complete description of the 
Barcelona Exposition lighting here; a '\nore detailed 
account was given at the Annual Conventioh of the 
Illuminating Engineering Society, September 1929„ 

THE MOTOR VEHICLE LIGHT TESTING LABORATORY 
OP MINNESOTA 
Prop. W. T. Ryan 

The regulations with respect to automobile head¬ 
lamps, included in the Uniform Traffic Act of the 
State of Minnesota, have now been in force for-over 
two years. 

The Departme&t of ElectricaJf Engineering of the 
University of Minntesota established a testing labora¬ 
tory which was designated by the Department of High¬ 
ways, as the offidaj testing laboratory for the State of • 
Minnesota where the manufacturer’s samples are 
checked to see that required specifications are met; Pro- 
f^sor E. W. Johnson, Director of the Motor Vehicle 
Light Testing Laboratory, has served also as ap'adviser 
to the Department of Highways on'questions rela ting 
to lamp specifications, testing, Md approvals. 

Samples from all of the principal manufacturing 
companies have been tested and the ss^tem is in active 
operation. A start has been made also in the enforce¬ 
ment of the headlamp adjustment requirements of 
this law, but much remains to be done in that line. - 
Improvement is apparent, however, in night driving 
conditions, although really only a beginning has as yet 
been made. One large contributing lactor is the decided 
improvement in the quality of the headlamp's coming 
in on thtf new care. The worst offender among old 
ones, some of -yhich could not be adjusted to give % 
good driving light and others exceedingly sensitive to 
focal adjustment, aregraduaJly disappearing., 

♦Professor, Bleotrical PiftirerEngii^sipring Uniyersity of Minne- 
sota„#M[iimeapolis, Minn. , * 
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The 1930 Winter Gonvehtion 

• LIVE TECHNICAL SUBJECTS AND ENJOYABLE ENTERTAINMENT' ‘ 

. ARE ON PROGRAM ' . 


• One of the most interesting technical programs ever offered 
by the A. I, E. E. will be presented at the 1930 Winto Convention 
to be held in N%w, York, January 27-31. 

Other attractive features which will make this a most enjoyable 
convention are also being planned. These include inspection 
trips, a lecture, the Edison Medal presentation, a smoker, and a 
dinner dance. ^ 

* The technical papers will cover the subjects of protective 

devices, power-system planning, field investigation of lightning, 
transoceanic telephony find telegraphy, dielectrics, welding, and 
electrical machinery. ^ 

A special program for the ladies—sightseeing tours, shopping 
trips, teas, card parties, etc.,—^is bdhig arranged by the Ladies 
Entertamment Committee. 

Reduced raih»ad rates on the* certificate plan will be in force; 
under thjs plan the r#und trip wiU cost only one and a half 
times the single fare. In order that this special rate may be 
obtained, everyone going to the Convention should secure a 
certificate from his local ticket agent. The return trip must 
hg,vo the same routing as used in attending the Convention and 
there are certain other restrictions which may be learned from 
local ticket agents. 

As tentatively arranged the schedule of events is given below: 
TENTATIVE PROGRAM OF WINTER CONVENTION 
Monday, January 27 
Registration 

Session on Protective Devices 
Joint Session with Illuminating Engineering Society 
on-Ultr^ Violet Radiation^ 

Tuesday, January 28 
Session on Power System Planning 
Session on Selected Spbjeots 
Smoker with Entertainment* 

Wednesday, January 29^ 

Session on Lightning Investigations 
Inspection Trips 

Edison Medal Presentation and Lecture 
1?HURSDAY, January 30 
Session on Transoceanic Communication 
Session on Welding 
Session on Dielectric 
7:00 p. m. Dinner Dance 

Friday, January 31 • 

10:00 a. m. Session oh Electrical Machinery 
2K)0 p. m. Session on Electrical Machinery 
The technical papers deal with very live topics. The papers * 

• selected have been chosen from a very large number which were 
available.^ The follc^ring is a tentative selection of the papers « 

•^to be presented. 

Session on Protective Devices * 

January 27—^2:00p. m.^ 

MetalrClad Bvnichgtar at State Line Staiicm^ A. M. Rossman, 

^ SargenJ & Lundy, Inc, • 

Development of the New Avtovalve Arrester, J. Slepian, R. Tftn- 
4?erg and Q. E. Kxauflp, Westiullhouse Electric & Mfg. Co. 
Thyrite, A New Material for Idghtning Aneaters, K. p. McBach- 
ron, General Bleotfic^Co. 


10:00 » fii. 
2:00 p. m. 
8:15 p. m. 


10:00 a. m. 
2:Q0 p. m. 
8:00 p. m. 

10:00 a. m. 
2:00 p.^m. 
S:30 P*m. 

10:00 a. m. 
2:00 p. m. 


Extinction of a Long A-c. Arc, J. Slepian, "Westinghouse Electric 
& Mfg. Co. ^ 

Use of Oil in Afc Rupturing with Special Reference to System 
Stability, P. Baker and H. M. Wilcox, Westinghouse 
Electric & Mfg. Co. * . " 

Joint Se&sion. with Illuminating Engineering Society 
January 27—8:J5 p. m. 

Production and Control of Ultra Violet Radiation, M.^Luckiesh,*' 
Natfonal Lamp Works of General Electric Co. 

An Ultra Violet Light Meter, H. C. Rentsohler, Westinghouse 
Lamp Co. 

Session on Power System Planning ^ 

January 28—10:00 a. m. 

System Connections and In^connections in Chicago District, 
G. M. Armbrust and T. G. Le Clair, Commonwealth 
Edison Co. 

Fundamental Plan of Power Supply in the Detroit District, S. M. 
Dean, Detroit Edison Co. 

Fundamental Plan of Power Supply in the Philadelphia Area, 
Raymond Bailey, Philadelphia Electric Co. 

Turbiner-Govemor Testa at Colfax Power Station, T. C. Purcell and 
A. P. Hayward, Duquesne^Light Co. 

Controlling Power Flow with Phase-Shifting Equipment, W. J. 

■ Lyman, Duquesne Light Co. ry 

Session on Selected Subjects 
Janu^Jy 28-^2:00 p. m. 

The Units of the Magnetic Circuit, A.^E. Kennelly, harvard 
University ^ * 

The Calculation of Induced Voltages in Metallic Conductors, H. B. 

Dwight, MassaohiftettsVtnstitute of Teot|jiology 
Induced Voltage of .Electrical Machines, L. V^-Bewley, General 
Electric Co. ' 

Design and Application of fiathode Rhy Oscillograph with 
Norinder Relay, 0. S.ckeimaann,* Y^’estinghou^e^’Eledtrio & 
Mfg. Co. ^ « fh 

Session on Lightning Investigations 
January 29—10:00^. in. - ^ 

Risum^ of 191S9 Lightning Investigations, Subcommittee on 
lightning, of Committee on Power Transmission and 
Distribution ^ T 

Cathode Ray Oscillograph Studies of Inghtning on Transmission 
Lines, H. Cox and Edward Beck, Westinghouse Electric 
&Mfg. Co.^ " e 

Surge Characteristics of Insulators and Gaps, J. J. Torok, West¬ 
inghouse Electric & Mfg. Co. 

Lightning Voltages on Transmission Lines, R. H. George, Purdue 
^ University and J, R. Eaton„ Consumers Power'^Company 
Study of Traveling Waves on Transmission Lines with Artificial 
Lightning Surges, K.#B. MoBachron aq4 W. J. Rudge, 
•General Electric Co., and J. G. Hemstreet, Consumers 
Power Co, ' ^ ^ 

Lightning Investigation on $90-^^v. System of Pennsjylvania Power 
and Light Co,, Nicholas N. Smeloff, Penn. Power <& Light 

• and^. L. Price, General Electric Co. 

^ Lightning Investigation on Ohio Power Co^Sys&m, F. W. Peek, 
•’ General Electric Co, and Philip fSpom, American Gas & 

• Elec. Co, • ^ ‘ 
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Session on Communication ^ ^ 

January 3(^10:00 a. m. 

•The PosihWar JQecade in Submarine Telegraphy S. Coggeshall, 
' Western Union Telegraph Co. * • 

Transocean Telephone Service—G&neral AspectSy J. J. Pilliod, 
» * A!!nierioan Telephone & Telegraph Co. 

ShortrWave Radio Transocean Telephorie Circuits 

(a) Transyiission Features of'^ShoH’^Wa/oe Radio CircuiiSy 
R. Brown, American Telephone & Telegraph Co. 
(1^ Technical Features of the New ShcrrUWave Radio Station 
of the Bell Sysiemy A. A. Oswald, BeU Telephone 
# Laboratories, Ino. • 

(o) Plan and Construction of Short-Wave ^adio SystemSy 
F. A. Cowan, American Telephone & Telegraph Co. 

Session on Welding • * , 

Januaj^ 30—^2:00 p. m. 

Cathode Energy of the Iron Arc, Gj*E. Doan, Lehigh Univ. 
Resistance Wddingy B. T. Mottinger, Federal Machine & Welder 
Co. 

^clrically Welded Structures under Dynamic Stress , Morris Stone 
and J. G-. Ritter, Westinghouse Electric & Mfg. Co. * 
Welding with the Carbon Arc, J. C. Lincoln, Lincoln Electric Co. 

Session on Dielectrics 
January 30—^2:00 p. m. 

Conductivity of Insulating OilSy J. B. Whitehead and R. H. 

Marvin, Johns Hopkins University 
Behavior of DielectricSy R. R. Benedict, University of Wisconsin 
Three Regions df Dielectric BreakdowUy P. H. Moon, and A. S. 

Norcross, Massachusetts Institute of Technology 
Ionization Studies in Paper-Irmlated Cables—Illy C. L. Dawes 
and P. H. Humphries, Harvard Engineering School 

HighlyoltagemCorona in Air, S. K. Waldorf, Johns Hopkins 
University 

Session on BLtiJbTRicAi Machinery 
January 31—10:00 a. m. 

Loading Trdnsformers by TemperaturCy V. M. Montsinger, 
General Electric Co. 

Recommendaiiom for Safe Loading of transformers by Tempera- 
^ turSy W. M? Dann, Westinghouse Electric & Mfg. Co. 

Tap Changing Urj^der Load for Yoltages and Phase-Angle Controly 
JH. B# West, Weatinghou&^Bleorfiric & Mfg. Co. 

Telephone interference from Generators Feeding DirecUy on 
Lipe with Neutral Groundedy J. J. Smith, General Electric Co. 
Grounding ImpedancOy kI! K. Palueff, General Electric Co. 

Session on Electrical Machinery 

January 31—^2.00 p. m. ^ 

Geifkralized Theory ofJSlectrical Machinery, Gabriel Exon, Idncoln 
Electric Co. 

Quiet Induction Moi^rSy L. E. Hildebrand, Generifl Electric Co. 
Transient Torque—Angle Characteristics of Synchronous MachineSy 
W. V. Lyon and H. B. EdgertOn, Massachusetts Institute of 
Technology * ^ , • 

Starting ^Performance of Salient-Pole Synchronous MachineSy 
T. M. LinviUe, GenerarElectric Co. • 

Ventilation of Revolving-Field SalierU-Pole Alternatorsy C. *J. 

Fechheimer, Westinghouse Electric & Mfg. Co. ^ 
Synchronous MachineSy 7, iThr^e-Pfmse Short Circuit)^ R. E. 
Doherty and C. A. Niclde, General Electric Go. 

Committees • 

The 1930 W^nter^Convention Committee is as^followt: H. P. 
Chaxleswojth, Chairma^; J. B. Bassett, S. P. tjlrace, C. R. Jone^t 
H. A. Hidder, G. L. Kaight, B.^ B, Meyer, and C. E. Stephens. . 


The chairmen of fiie subcommttees are, respectively 
iainmenty J. B. Bassett; In^pedion Tripsy F: jZogbaum; Dinner- 
DancCy C. R,* Jones; Smokery G. J. Read, and Ladies Entertain- 
mcni, Mrs. G. L. Knight. • ' 

* • • ' ' ■ ■ ' ■ 

District-Meeting in Ghicagn 

The three-day District Meeting at the Drake Hotel in Chicago • 
December 2-4 ha§ a. splendid program for both members and 
students. Complete details of the meeting were announced 
in the November issue of the Journal page 843. No extensive 
announcement is given in this issue as the meeting will be in 
progress before the issue reaches most of the membership. 

World Engineering Gongres^ Tokyo 

The American delegation to the Tokyo Congress arrived in ' 
Japan October 22 and 28 after an exceedingly interesting voysi^e ' 
across the Pacific on the steamers PresitSent Jackson, Korea Maru 
a^ Empress of France. Japanese reception committees Vel- 
comed the Americans and expedited their arrival at the various » 
Hotels to which they were flestined. 

The Congress opened with an official reception at the Imperial 
Hotel Tokyo, on Mopday evening October 28ih. 

The official opening of the Congress ^sessions occuiyed on the 
morning of October 29, the opening address being given by His 
Imperial Highness, Prince Chichibu, followed by addressee by 
the Prime Minister of Japan, Baron Furnichi, President of the 
Conpess, and short addresses by representatives of the varipus 
National delegations. 

The techmcal papers were presented in twelve separate sec¬ 
tions covering various subjects. The total number of papers 
listed in the program comprised several hundred by authors from 
all parts of the world, making it necessary to hold ten sessions 
of the Congress simultaneously. The Tokyo Sectional Meeting 
of the World Power Conference was held in conjunction with the 
Congress, with a technical program so extensive that two ses¬ 
sions were conducted simultaneous^ each day. 

The social events, excursions, etc.,* were so numerous that 
here mere mention only is possible. They included dirOiers, 
luncheons, teas, garden parties, and other hospitalities for which 
the Japanese are noted, l^any events were arranged particu¬ 
larly for the ladies tn attendance. Some of the functions of * 
particular interest were a reception at the Prime Ministers official 
residence, a tea party and “No” dance at Baron Mitsui’s resi¬ 
dence, a garden party given by Prince and Princess Chichibu at 
the Imperial Gardens, a luncheon given by the Mayor oi Tokyp, a 
garden party at the residence of Baron Iwasaki, -<tnd many 
others scheduled for the remaining days of the Congress. 

The American Committee gave a dinner on October 31> at 
which the guests included Their Imperial Highnesses the Prince 
and Princess Chichibu and the delegates of all other countries 
represented at the Congress. The total attendance exceeded 
700. Addressee were given by Chairman Sperry of the American 
Committee, Doctor F. B, Jewett and George Otis Smith. 

At this writing, the Congress program is about half completed. 
After adjournment on November 7, the delegates and guests will 
participate in various excursions to places of engineering and 
scenic interest in Japan, Manchuria, China and elsewhere; a* • 
considerable number will continue thei? journey ground the 
world, • 

Inquiries regarding the technical program and the availability 
of copies of the papers presented may be addressed to Mr. 
Maurice Holland, Secretary of the American Committee of the 
Congress, 29 West 39th St., New York. 

• Information relating to the teclmical papers presented at the • 
World Power Conference may be^obtained from Mr. O. C. 
Merrjl, Chairman ^erican Nation^ Committee, World?Power 
Conference, 917 16th St., N, wr, W^hjngton, D. C. 
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ENGINEERING FOUNDATION 

VISIT OF PROFESSOR ALBERT VAN HECKE OF LOUVAIN 
UNIVETRSITY 


Numtncal integration of differep>tial equations, Dr. T. H. Gron- 
wall, Physics Department, Columbia University. 

Plasticity an^ related problems # 0 / non-rigid , bodies. Dr. At 
Nadai, Westinghou^e 'Electric and Manufacturing Company 
(formerly Professor of Applied Mechanics, University of-Got- 


• 

As a feUpw of the CRB Jlducational Foundation, Professor 
Albert* Van Hecke, head of the Civil Engineering Department of 
Louvain University, is visiting Engineering Foundation and his 
other friends in the United States. He pro'poses to spend several 
. weeks in study of recent advances in engineering research and 
practise in thi^ country, his itinerary including Columbia Uni¬ 
versity, University of Illinois, Massachusetts Institute of Tech¬ 
nology, Princeton University and many others. By invitation 
he will participate in the celebration of the 175th anniversary 
of Columbia University; as the guest of Colonel Arthur S. Dwight, 
^ former Trustee of the University, he will attend the alumni 
djnner. 

On Dr. Van Heck^ s arrival in New York October 21st he was 
tak^n to the Edison celebration at Menlo Park as the guest of 
Doctor Edward Dean Adams, Past-President of the Edison Ve¬ 
neers and Honorary Member of Enghjpering Foundation. Doctor 
Adams ms also Chairman of the Louvain Library War Memorial 
to American Engineers. On the evening of October 22nd Doctor 
Van Hecke was the guest of honor at a dinner given at the Cen¬ 
tury Association by Alfred D. Flinn, Director of Engineering 
Foundation and Secretary of the War Memorial Committee, for 
meAbers of the Committee and delegates to the dedication of 
the Library. 

Professor Van Hecke is assisting also in developing American 
interest in the Steel Construction Congress to be held in Liege, 
Belgium, the latter part of the summer of 1930. The American 
Society of Civil Engineers and the American Institute of Steel 
Construction vdll participate in the Congress through the atten¬ 
dance of delegates and the presentation of papers and addresses. 


tingen. ' ^ , 

Analytic determination of Jlux plots, Mr. R.c H. Park, En¬ 
gineering Department, General Electric Company* 

Problems in elasticity, Trof^ssor S. Timoshenko, University 
of Michigan (formerly with Westinghouse Electric and Manu¬ 
facturing Company. ^ 

The meetings ^ill be held in the new Paclcard Laboratory for 
electrical and paeehanical engineering, a building which sets a new 
standard in equipment for teaching and research in engineering. 

Following the Symposium on Mathematics in Engineering, on 
Saturday evening, December 28, there will be a conference on 
the general topic of the establishment of a Journal in Applied 
Mathematics. « . ‘ 

New York Section Meetings of Illuminating 
, Engineers „ 

At the December 12th meeting to be held in one of the newer 
hotels in New York City, The Modem Trend in Home Lighting 
will be discussed. Special arrAigements are being made to make 
it of particular interest to the ladies, with ah exhibit of some 
most recently developed types of equipment. 

The January 9, 1930 meeting will be on Inspection of Novel 
Color Cove Lighting Installation in Main Ball Boom at the Hotel 
St. George, Brooklyn, N. Y. F. J. Cadenas ;vill demonstrate 
and explain the installation and M. Messner of Bing and Bing 
Corporation will speak on decorating with colored lighting ver¬ 
sus paint and fabric. • ^ 

ifmiHIIIUMIIIIIHIIIIHIIiniHIIHIIIIHIIIIIIIIIIUIIIIIHItllllllNIIIIHIUIIillMIIIIIIHHinnHintlllllinillMllilinilUilNIUNIHIIIHMIHIHIHNIHIIIIHimiHinmlliHtlNIIIItHUNK 

E _ I 


This C^njress is a part of the celebration of the 100th anniver- | STANDARDS I 

sary »f Belgian independeace. I ” . I 
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American Committee World Power 
. Gonfereuce 

The American Committee of the World Power Conference will 
give.a dinner in honor of Doctd^; 0. von Miller^ Honorary 
President of the Second World Power Conference, Saturday, 
December 7th, at the Metropolitai]*Club, New York City. 

Doctor von Miller is in the United States to tliseuss plans with 
prominent engineers and business men for the participation of 
this country in the World Power Conference to be held in Berlin, 
June 16-25^ 1930. 

Mr. Henry J. Pierce, Vice-Chairman of the American Com¬ 
mittee, is in chaorge of arrangements here for the entertain¬ 
ment of Doctor von Miller, who is a Director of the Allgemeine 
Elektrizitats Gesellschaft, and the founder and organizer of the 
German Museum for natural and technical science in Munich. 

Special Symposium at American Mathe- 
• matical Society Meeting 

Among the special features of the Thirty-Sixth Annual Meet- 
« ing of the American Mathematical Society to be held at Lehigh 
University, BethleheRi, Pennsylvania, December 26-28, 1929, 
are two sessions devoted to an Engineering Symposium with 
some of the most distinguished research engineers participating. 
The general topic chosen is Differential Equations of Engineering 
^d it is proposed that at each of the session#on Saturday three 
half-hour papers be given by men eminent in their respective 
fieldg. The (pUowing is a list of the papers proposed: 

The problem of diffusion, Professor H. W, March, University 
of Wisconsin. • , 

Integraphs for differential equations, Ptofessor Vannevar*Bush, 
Massachusetts Institute*of TTechnology. 


Symbols for Photometry and Illumination ^ 

A revision of the Symbols for Photometry and Illumiuation 
has been drawn up by a subcommittee of nthe Sectional Com¬ 
mittee on Scientific and Engfpeering Symbols ^d Abbreviations 
working under the procedure of the American Standards Associ¬ 
ation. The present Section of the A. I. E. E. Standards No.*37, 
entitled “Illuminating Enginee3;i.ng Nomenclature and Photo¬ 
metric Standards’’ contaifis the list of symbols of Vhicti this 
report is a revision. No. 37 liras'prepared under thewdirection of 
the Hhiminating Engineering Society and became an American 
Standard in 1928. The proposed revision was approved by the 
Board of Directors of the Institute, one%f'the sponsors at their 
meeting of October 18th. As soon as approval of the revision 
as an i^nerican Standard is obtadhed a revised edition of No. 37 
will be issued. ^ f 

Navigational and Topographical Symbols 

A report oS^Navigatioivd and Topograplpcal Symbols has been 
submitted for approval by a'^subcommittee of the Sectional 
Committee on Scientific and Engineering Symbols and Ab¬ 
breviations. This^eport is identical with the symbols covered 
by. the chart “Standard Symbols Adopted by the Board of 
• Surveys and Maps, United States"of America,” edition of 1925 
except as follows: That the symbols for Aerial Navigation be 
superseded by those adopted by that Board inf 1928; and that 
the abbreviations for use on military maps be omitted. The 
report ^f the subcommittee included some recommendations of a 
minor nature, particularly with regard to miscellaneous informa¬ 
tion shown on inap. The report was approved by the Institute 
as one ef the jeint sponsors by action of the 9oar(^of Directors on 
•October 18th. • Fpr details of report inqiCiry should be made 
through the headquarters of the Ame^can Standards^ Associa¬ 
tion, (l5r. P. G. Agnew, Secretary), 33 West 39th St., New 
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York, N. Y. Copies of the ch^ of Standard Symbols may be 
^tained through the U. S. Geological Survey, Washington, 
D. C. Price 40 cents. 

, * 9 

^ National dectr|cal Code Approved 
, The*1929^edition of the National.Electrical Code has been 
approved as an American Standard by the American Standards 
Association. The technical pfovisions of the new edition are not 
materi^y changed although certmn new practises have secured 
recognition. Copies of the cod^ can be obtained through the 
.National Fire Protection Association, 109 Leonard St., New 
York,N.Y. 

Protection ol ElectHpal Circuits and Equipment Against 
» ^ • Li^htnin^ ^ 

For a number of %ars, through the mediuip of « Sectional 
Committee organized under the procedure of the i&nerican 
^Standards Association, the A. I. E. E. and the Bureau of Stand¬ 
ards have*been engaged in developfhg “Standards for Erotection 
of Electrical Circuits and Equipment Against Lightning.’* 
The preliminary rpport of the Sectional Committee has just been 
Pjjblished by the Department of Commerce as Miscellaneous^ 
Publication No. 95 5f the Bureau of Standards. The protection 
of persons, building, oil tanks, etc., has been dealt with in the 
‘Code for Protection Against Lightning** which is already an 
approved American Standard. Originally, it was intended 
that in addition to the material in this Code there should be 
additional facts dealing with the protection of power and railway 
circuits and equipment. Present practise in these fields has not 
however crystallized to the point where it is felt that definite 
standards could ^e set up. Nevertheless, the committee col¬ 
lected information as to methods of protection now in vogue and 
practises which have been foundgaatisfadtory. This preliminary 
report has therefore been issued not only to make available the 
material therein, but of presenting the present results for con- 


. ...*A • ♦ •• 

sidferation and criticism. Copies of the report may be purchased 
at a cost of 25 cents from the Superintendent of Documents 
Government Printing Office, Washington, D. C. 

, , _ • 

• • 

Faradky Electroma^etic Cerftenary 

A^ngements initiated by the Royal Institution for the cele¬ 
bration of the Centenary of Faraday’s discovery of electromag- 
netio induction haVe ^eady been announced. At a representa¬ 
tive meeting held at the House of the Institution on February 
5th, 1929 the formation of two committees was.agreed to and 
these committees are now at work. The first, -consisting of rep¬ 
resentatives of the Royal Society, the British 'Association, and 
other scientific societies, as weU as the Royal Institution, is con¬ 
cerned with the purely scientific aspects of Faraday’s work in 
relation to the proposed celebrations; the seeend committee, - 
which has been called together by the Institution of Electrical . 
Engineers consists of representatives of the” principal organiza¬ 
tions of those industries which have risen in the past hundred 
yeaA upon the scientific foundation of Faraday’s discoveries 
and is dealing with the industrial aspects of the celebrations. ' 

The two committees are working in close cooperation^the pre- 
Itoinary discussions which have taken place indicate that the' 
mgnificance of the Centenary is very widely appreciated and that 
the celebrations are likely to arouse worlfi-wide interest and sup¬ 
port. The dates have now been fixed and the proceedings will 
commenre in London-on Monday, September 21st, 1931. Fur¬ 
ther, an intimation has been received from the British Associa¬ 
tion that their Centenary Meeting will be held in London during 
the week commencing September 23rd, 1931. These two Cen- 
tenmes, with important electrical conferences and other events 
which are to take place about the same time, will thus conjoin 
to make the y^r 1931 a memorable one in this and every country 
where the genius of Faraday has borne fruit. 
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American Engineering Council. 
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T. , , 1 , annual MBBTirfo RECOMMENDS ENGINEER^ FOR INTERNATIONAL JOINT 

y was decidedibhat the annual meeting of American Engineer- * commission 

• __IJ 1-^ I- . wrr 'I * . ^ ^ 


• ing Council would be held in Washington, D. C., January 9-11, 
1930. ’ ^ ^ 


A. E. C. MAPPING PROGRAM 

Pursuant to the jnstrj^tions of the Administrative Board of 
American Engineeringb^ouncil, the Executive Secretary had 
conference with the Secretaries of Commerce and Interior and 
the Director of the Bureau of the Budget for the purpose (jf point- 
ing #ut to t&em the need of an increased appropriation for the 
topograpliic and water Resources work of the U. S. Geological 
Survey, and also for the Hydrographic Branch of tjjie Coast and 
Geodetic Survey Br^snches. Those conferred witnwere keenly 
aware of the value of such work^aud the necessity of expediting 


enlargement of the work. ^ s nj, , ^ of the bnto of George Washington, the first engineer 


RECOMMENDS ENGINEERS^ FOR INTERNATIONAL JOINT 
• COMMISSION 

As a matter of poBcy, the question of securing engineering 
representation upon the Intentional Joint Commission came 
up for consideration. Council voted to authorize and instruct 
the Executive Secretary to do what in his judgment seemed best 
to accomplish the appointment of civilian engineers* on this 
Commission. ^ *• 

TWO.HUNDREDTH ANNIVERSARY. OP BIRTH OP PiRST 
ENGINEER PRESIDENT 

A special committee composed of Lieutenant-Colonel U S 
Grant, 3rd; Colonel C. H. Birdseye; Dean A. N. Johnson; Colonel 
D. H. Sawyer; A* G. Bruce, and J. C. Hoyt, have carefully stud¬ 
ied the various projects offered as a possible means of engineering 
participation in the celebration of the two hundredth anniver- 


enlargement of the work. 

Following an interview wi^h Secretaries Wilbur and Lament, 
President Hoover issued a statement saying that a program had* 
been perfected ^y the Secretaries Interior and Commerce 
under which topographic coast and geodetic surveys of the Ujiited 
States are to* be completed within 18 y^s, instead of 20 years as 
originally planned. The progr^* will be made effpctive*in this 
year’s budget. It is estimated that it will cost ffl,000,000 more 
annually to expedite the surveys. This would se^m to indicate 
that the present adj]3inistration is cognizant* of the neeS ofr ex¬ 
pediting th^ topographic]^ survey program and*that the provisions* 
of the Tdinple Act are being takeq^ seriously. • 


Preadeat of the Uaited States. This committee brought ia four 
proposals, two of which received the ea^orsemeat of Couacil. ’ 
The first was the eadorsemeat of the Cramtoa bill R. 261 
which provides for the aequisitioa, establishmeat, aad develop- 
meat of the George Washiagtoa Memorial Parkway along the 
Potomac from Mi^ Yernon and Port Washington to the Great 
Palls, and the acquisition of lands in the District of Columbia, 
and Virginia requisite, to the comprehensive park and play- 
gfound system of the National Capital. This bill embodies a 
broad and constructive vision of a p^jyk systeip,whioh will place 
WashjDgtMi in a mSk ‘favorab^p position in comparison with 
. great European capitals. « « 
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• Tlie Admim^trative Board voted that Council recommend to 
the engineering profession as ad appropriate participation in* the 
celebration of the two hundfedth anniVersar^ of the birth of 
Washington, and as a tribute to and memorial of Washington, 
the Engineer, that the profession undertake to rep^ sufficiently 
to preserve th^ structures of th4 so-called “Pawtoymack Canal,” 
which capal is about one nyle long, embracing five locks con¬ 
structed under the personal supervision of Washington for the 
purpose of passing around the Great Falls of the Potomac River. 
The only structures now in existence known to have been the 
work of the first engineer President of the United States. 

•ST, LAWRENCE WATERWAY 

The question* of the St. Lawrence Waterway arose through 
consideration of S. J. Res. 37 and H. R. 733, the former propos¬ 
ing to state the position of the United States as endorsing the 
development ofcthe St. Lawrence for ocean-going vessels, and the 
latter providing for a definite deep waterway for ocean-going 
vessels from the Great Jfjakes to the Atlantic by way of the St. 
Lajvxence River and Welland Canal. Council favored these two 
bills in principle, and recommended the appointment of civilian 
engineers as well as Army engineer^ on the commission recom- 
mendedi)y the two measures. 

CQNSULTIN6 ENGINEERS FOR OOWBRNMENT SERVICE 

H. R. 4195 proposed to authorize the employment of consult¬ 
ing engineers for the Air Corps, Chemical Warfare, and Ordnance 
Det>artments. The maximum salary payable is $50 per diem. 
Council endorsed the Public Affairs Committee’s recommenda¬ 
tion that the same action be taken in connection with this bill as 
with the bill of similar nature relating to employment of con¬ 
sulting engineers for reclamation work,—^namely, that the bill 
be approved in principle but with the comment ^at the rates of 
compensation provided are not those at which competent con¬ 
sulting opifdon is obtainable—and if secured by the Govern¬ 
ment %it the rates provided in the bill, it will be at the personal 
sacrifice of those accepting them. 


STUDY OF AARPORTS CONSIDERED 

• • 

The Committee on Research recommended that Council make 
a cooperative study with the Bureau of Aeronautics, Department 
of Commerce, on the subject of a^ports. This recommendation 
was*given careful consideration by a special committee composed 
*of 0. H. Koch, H. E. Howe, George T. SeSbury, R. C. Marshall, 
Jr., J. L, Harrington, which recommended *‘that a committee be 
appointed to confer with the Bureau of Aeronautics to work out 
a plan whereby the Bureau and American Engineering Coimcil 
may codperate in formulating a report for the general informa¬ 
tion and •guidance of public bodies into the diversibility and 
importance of engineering problems m the design of airports.” 
This recommendation was adopted by Council. 


ADVISORS FOR ROSENWALD MUSEUM 
Walter Kaempffert, Director of the Rosenwald Industrial 
Museum of Chicago, has requested Council’s cooperation in the 
establishment of this museum. The Administrative Board ap¬ 
proved the Executive Committee’s recommendation that Council 
accept the invitation of the officers of the Rosenwald Museum, 
and designate one or two advisors for the Museum’s board of 
directors. ^ 

^ • ‘ - . , ... 

RELIEF OF ENGINEERS FROM DUTY WITH COMBAT 
FORGES • 

^ Secretary of War James W. Good r 6 oentl 3 |^m a letter to Con* 
grass requested that the President be empowered to exempt 
officers of the Corps of Engineers, Medical Corps, Ordnance 
Deifartmeu'?,^ and Chemical^Warfare Service from the provisicfixs 
of Hie section of our ITa^nal Defense Act requiring periodic 
.duty .with troops of one or mjre of the combatant ann% Mr, 
Good’s recommendatioi^ Ikis been referred to the Blouse Com-. 
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mittee^on JVIilitary Affairs and a bill has been introduced into 
the Senate (S. 1883) carrying tKe provisio;a requested by the ad¬ 
ministration. Secretary Good pointed out that in view of the 
increasing resptinsifiilities of the Corps in connection with flood 
control projects and river and ha^rbor works, and because of the 
increasing need for unbrpken administrative direction .in par¬ 
ticular projects, that it would serve the public interest to peiinil 
the assignment of enginee?^ officers to public works for such per¬ 
iods as necessary to cqpiplete them. Ordinarily such details 
would not ex tend beyond the fojir-year period and very few officers 
would be affected. Furthermore the proposed legislati^^n would 
be without cost tp the Govemmept. The advantage of securing 
continuity of ministration in the large civil projects entrusted 
by Congress Ijo the Corps of Engineers would, in the opinion of 
the Secretairy of War be a substantial one^. This is exactly the 
contentjofi which representatives of American Engineering 
Council have continually made to rCongress in hearings on the 
question of the establishment of a Department of Public Worksj 
• — 

PLEA FOR FOREST CONSERVATION 

A delegation of individuals representing organizations inter¬ 
ested in forest conservation called on President Hoover OctoVer 
30 and presented a plea for increased appropriations for forest 
conservation work The delegation was headed by George D. 
Pratt, President of the American Forestry Association. Ameri¬ 
can Engineering Council was represented by L. W. Wallace, Ex¬ 
ecutive Secretary 

Mr. Pratt, speaking to President Hoover on behalf of the dele¬ 
gation said, “These laws cannot become effective unless the ap¬ 
propriations authorized are granted by the Bureau of the Budget, 
the laws to which I refer are; 1. The Clarke-McNary Act with 
authorised appropriations of $2,700,000; 2. The Woodruff- 
McNary Act, with aifthoriz^ appropriations of $8,000,000; 
unappropriated balance $4,000,000. 3. The MoSweeney-McNary 
Act, with authorized appropriations of $3,575,000.^ 


PERSOiVAL'MENTION [ 
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Robert J. Hanchett has recently organized the Southern 
Electric Works, Inc., 1167 E^iSt 63d Street, Lo^ Angeles, Califor¬ 
nia, of which he is President and Consulting Electrical Engineer. 

E. P. Dillon has just been made Vice-President in Char^ of- 
Sales of the E. Y. Sayer Engmeering Corporation, New York, 
N. Y. Previously Mr. Dilloi^ was Manager of Research 
Corporation. « ti 

M. A. Mulvant has resigned the position of Radio Engiueer 
(civilian) with tile Navy at Pearl Harbor, tofbecome Chief Engi¬ 
neer and Director of Radio for the Adf^’ertiring Publishing Co. 
Limited, of Honolulu, T. H. 

Stl'\||^n Harris, identified with radio engineering for nearly 
ten years, has joined the engineering staff of Fada Radicf, and 
has been assigned by F. A. D. Andrea, President of that com¬ 
pany, to spe^l research work in the Faida Laboratories in Long 
Island City. 

D.. McFarlaV Moore, fellow of the Institute and Research 
, Engineer of the General Electric Company on November 5th 
delivered an address on Gaseous Conduction to a very much 
interested audience at the Lehigp University Chapter of the 
* Society of the Sigma Xi, of which is is a member. 

* Edward B. Newill, of Forest Hills, has resigned as manager 
of tjie Control Engineering Department of the Westinghonse 
Electric and ManufaetuiSng Company to become affiliated in an 
execufive capacity with the radio manufacturing company being 
formed jointlyT^y the General Motors Corporation and the Radio 
•Corporation <j^f America. Mr. Newill entered upon his new posi- 
^tion October 16, under the title of assistaiSit to ?he President of 
.Delco Products Company, with ten?(porary headquarters at 
Dayton* Ohio. ^ 
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Death of Honorary Secretary Pope 
’ •_ $ . * •* . * * • 




Ralph Wainwright Pope, pioneer mqmter 8f the Institute, 
elected its Secretary in 1885 for twenty-seven years consecu- 
favely thereafter, died November 1, 1929 at his home in Great 
Barrington, Massachusetts. Although in his eighty-fifth year, 
he had apparently been in good healfhtand the end came suddenly 
of heart failure. ' . ^ 

Great Barmgton, where he sp^nt most of his life, was also his 
.birthpl^e, his rudimentary schooling being acquired in the little 
old red schoolhouse there. In the autumn ot 1867 he left the 
local school to attend the academy at Amherst, but ill health 
overtook him and he left the Amherst Academj^to enter the 
North Amherst di^ • 

trict school. He al¬ 
ways learned quickly 
'<and was a pupil of 
good appiication, but 
because of sickness he 
dropped behind • his 
clfsses and finally ^pe- 
tumed to Great Bar¬ 
rington, where he com¬ 
pleted his school life at 
the age of thirteen. 

The nature of his fu¬ 
ture undertakings was 
strongly evidenced in 
his childhood aijQiuse- 
ments; mechanism fas¬ 
cinated him and he 
created quite a mo¬ 
nopoly on the small 
wheels from Vhe carts 
of the children with 
whom he played, build- 
, ing with these spare 
parts,' waterwheels, -» • 
miniature railroads 
and various other ex¬ 
perimental structures 
of piechanical naTture. 

Prom one- of his 
mother’s ijjaster bon-« 

•net blocks ke made a 
mold for more cart¬ 
wheels, f)ouring into it m 
melted lead and buifclr 
ing up quite a' local * 
activity among his 
playjaates. ' 

Upbn his return ter . 

Gi^eat Barrington, he 

WAIinnaGHT POPB 

charge of the local tele- ^ 

graph office. This offered a marvelous place in which to spend 
all his spare time, picking up a knowledge "of telegraphy and ^ 
unwittingly laying the foundation upon which his future career 
was built. Theodore M. Chapin, local station agent for the • 

Housatonic Railroad, was without an assistant and took great 
interest in the b»y, teaching him mSny phases of the railroad’s 
activities and acquiring such faith in his ability to do that '^hen 
the company was in need of'a man, I^alph Pope was heartily 
recommended to Mr. Hunt, the*assistant superintendent; at the 



The Hughes receiving instrument ^pon which Mr. Pope learned 
had now beep changed to a Morse, but he easily accomplished 
the changeover in operation andVas soon knownias an “expert 
sound receiver.” Consequently the outbreak of.the Civil 
War when dependable and‘competent operators were at a pre¬ 
mium he was well^ qualified to offer his services and he was 
promptly installed in the New York office of the American Tele¬ 
graph Comply. The volume of work involved in the sending . 
and receiving of war news was almost unlimitedt close confine¬ 
ment was again telling upon Mr. Pope’s health fljid much of night • 
work with long hours was being pressed upon him. He was then 

twenty-two years of 
age and was on the 
verge *of giving up; ^ 
bi^t the scarcity of ^ 
operators impelled 
him to continue. He 
was, however, trans¬ 
ferred shortly to the 
New Haven office and 
then ^ Providence at 
^ a good increase in 
salary. ’ 

In 1865 he joined the 
Collins overland tele¬ 
graphic expedition, a 
famous pioneer badd 
whose ambition it was 
to establish a through 
service to Europe by 
way of Alaska and Si¬ 
beria. Mr. Pope went 
with them ^1 k) the 
wilds of British Cctium- 
bia in true pioneer fash- 

* ♦ ion, sailing for San 
Francisco in April, of 
that year and proceed¬ 
ing at once to Victoria, 

B. C. Pinal prepara- < 
tion for the pioneer* 
life was completed 
at New Westminster. 
The party traveled 
up the Fra^ Rivet, 
sleeping in Tihe open 
much, of the time with 

• nothing but their 
blankets for shelter, 
traveling sometimes on 
foot, sometimes on 

RIGHT PoPB * mules, pulling their 

boats after them on 
land that they might have them for the necessary’fording of 
the stream in other sections. There is no truer test of adaptabil¬ 
ity than that imposed by such an adventure and through the ^ , 
entire experience this key-note of all Mr. Pope’s life was 
characteristically demonstrated. Further effort of this expe-« 
ditionwas finally abandoned with the successful laying of a 
transatlantic cable replacing the necessity which they were 
striving to meet. ^ § 

For ten years subsequent Mr. Pope was in the service of the 


uu AVAi. xiiuii., uuwttHHisLani sujjeriiHwnaenu; m me ror ten years suDsequent MX, r'ope was m tne service of the 
age of fifteen ho became telegraf)her for the Housatonic Railroac^ Ggld and Stock Telegr^h Company, resigning a position a§ its 
Company. lY^m thfit lime he was continuously identifiwi with deputy superintendent in 1883 and iffitil 1888 becoming actively 
electrical engineering work. The* company ,seHt him to \hh« interested in the ediljng. and publicakon of technical electrical 
Bridgepegt bffice, but h^was returned to the Great Barrington* journals. He was associate editor of The.Telegrapher and The 
office to meet an emergency situation arising in the service there! ’Electrical Engineer, and editor of Electric Power, which he founded. 
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Under the energy and tact of his part time secretarial adminis¬ 
tration the Institute made rapid and important,strides in its 

• development and in 1887 he was persuaded to dev&te practically 
all of his time to its activities and interests. Constantly study¬ 
ing the needs of its progression ^.nd ever watchful pi opportunity 
to recommend tor endorse the adoption of methods to improve 
its work <>f cooperation in any advancement of the profession 

. and ^neral good of humanity, he labored unceasingly and 
diligently. The office of Secretary was ap elective one and per¬ 
haps the greatest tribute paid to the worthiness and stead- 
• fastness of Mr. Pope’s character lies in his repeated reelection 
by a membersWp vote. His clear conception of detail, painstak¬ 
ing, orderly methods and, withal, a genial and sympathetic 
spirit, endeared him to all and earned for him the gratitude and 
affectionate appreciation not only of the directors and members 
• • ? Institute but that of the multitude of other friends and 
•rellow workers with whom his full and active life brought hi m 
• in contact. He relinquished his active work as Secretary of the 
Institute in 1911, and#was their appointed Honorary Secre- 

" tary for life. 

• ^ at his suggestion that the Institute’s Sections ^re 

developed. Past-President Professo# Charles P. Scott describes 

^ this epoch-making period of the Institute’s history in brief as 
lollows; • 

“In the spMg of 1302 while the vote for President of the 
Institute was being canvassed, Secretary Pope said to me, ‘Mr. 
hcott, it seems pretty certain that you will be the next President 
and I want to suggest that this will be an opportune time to 
develop local meetings of the Institute. There are now such 

Poni* held for a time by the St. 

I^ul-Mmneaiwlis group. This is an enterprise which I have 
been eonsidermg for a long time but have not received active 

onS extension 

^ of local meptings during your administration.’ I replied that 

^ proposal, as it was a practical 
extend institute activities geographically; it would 

Twf^ ‘ ‘ members the new interest and impetus which 
Dwtor Stemmetz (then ^sident) was giving to ^e monthly 

at meeting in the fall and 

Stu^lt R®®* committee was authorized to establish 

■ S ^^titute mem- 

proiwt h committees .gave supiwrt to the 

P .w and indefatigable interest of 

te ^‘"ong centribnting faotom 

amplv Branches which have so 

mply jpsMrf the vision and efforts of the faithful Seeretarv 

vrho ,k. I.,,,,.,, U 


4, 1882ihe»was appointed first ^lecirician of the company. So 
thorough and representative was Mr. Lieb’s work that in 1883 
Mr. Edison selected him as the man to go to Milan, Italy, to 
supervise the erection and operation of the Station for tho 
Italian Edison Company, as Director of tlie Sociota Qenoi‘alo 
Italiana di Elettrieita Sistema Edison, and for his work in inifo-^ 
ducing the use of electricity into Italy, he was made Knight 
Commander of the Royal ^rder of tlie Crown of Ital^s in which 
he was later promoted to«, Grg.nd Officer; He was also made an 
officer of the French Legion of Honor. 

At the invitation of the President of the* Edison *teloctric ^ 
lUumi^ting Company, Mr. Lieb in 1894 returned to New yorlc 
as Assistant to the Vice-President. He vras then made Vice- 
President a^d General Manager of the .Compp/ny! and when the 
New York^Bdison Company was organized/^he became Asspciat (3 
General fManagdr with the late Thomas E. Murray, eventually 
to occupy the office of Vice-President and General Manager. 
Last year, when the Brooklyn Edison was brought under the^ 
control of the Consolidated Gas Company—owner of the New 
York Edison and associated electric companies in the nietro- 
^politan district—with Mr. M. S. Sloan as I^eSident of tlie com- 

f' 
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Vice-President of the New York 

. New Jersey in i860 and in was bom in Newark, 

Institute of Teehnolfiirv S^^^^-ted from Stevens 

but after a few^ month.* Electne Company m Cleveland, 

(Peering Department He shn assistant in the Engi- 

e\-idenfly topressed\fr £^ 0 ^ f ability, and 

important workTnW„! 1 l “.''* doing 

company in*«ipph-ing the eitv^rtf*^ task that lay ahead of the 


bined eleotrio properties. Mr, Kpb refired from theriore Wive 
oi management to becoitfe SSnior Viee-Presidefft. 

WHS awarded hin^in 1923 “for the develop- 
andDower”^w ^ ®ieotric central ^teji&ns for illumination 
1 . teoSm'oal education, 

TOti^tmdlecturmge^nsivelyMmselffandowningperhapsone^ 

existence He is 

work of Leon^do da Vmci ever made and for many years he 

^ translajing text of da Vinci 
!.• soieuoe »nd engineering. (Througli his 

member^p m Ae Raecolta^, of whioh he wJacorres^ndent 
S^sh?d. trAislationS were transmitted to Italy and re^ 

• r. ^®h.a8 Cbainnau of the^NationaJ 

Qoi^ tee on Gtes and Eleetrie Service JSidered vSte 

the Eteotric\^^^^°!fw®**^ ’^ioe^President of 

StsSufoi^i Poi^.Instellation Corporation; former 
SoSetv ah?tS; ftpneers, the New York Electrical 

Queens rEleotric Light and Power Company, thfintJnaLrUd, 
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Power Securities Company, tte Brush Electric Uiuminating 
Com^ny and the Empire City Subway Company. He was a 
I ast-ftesident of the American Society of h{echanieal Engineers, 
^ I^gUow of the American Academy of Sciences, trustee of the 
Ste-^ns Institute of Technology; trustee and Vice-President of 
tteTbeMuieumsof the PeaeefiU Arts; trustee nf the United 

ngineeriug Society and the Italy-America Society; and a mem¬ 
ber of the-Am^can Society <5f CivilCngineers, <he Hluminating 
Engineering Society, Franklin Institute of Philadelphia, Ameri- 
c^ A^ciation for the Advanc^ent of .Science, and numerous 
• ^her ^Vofessional and civic organizations, national and local. 
He wae an honorary member of the Society of* Italian Engineers 
-tohitects, and qf the Society of Italian Railway Engineers: 
Vice-^esident’of the Upion Internationale des ftoducteurs et 
Dietributeurs d;En«rgie Electrique; and.a merfber of the 
Elektrotechmscher Verein, the Associazion^ Ele'tt^oteenica 
ItaJiana, the Institution of Electrical Engineers of Great Britain, 
me Royal Society of Arts, and the JTewcomen Society of London, 
In 1921 Stevens Institute conferred upon liim the honorary de¬ 
gree of Doctor of Engineering. 

Mr. Lieb*s strong personality and vigorous leadership will be 
greatly missed in, the many activities in which he was* 
collaborative. 

Guido Semenza. one of th^ best internalionally known 
electrical engineers and Honorary Secretary for the Institute in 
My, died November 7, at Milan, after a protracted illness. 
His passing wll be mourned by a host of friends to whom he had 
endemed Mmself by his intellectual abflity, lovable character 
and charming personality. 

He was born Becember 19, 1868 in London of Italian parent- 
^e. As a, child he returned to Italy with his parents where 
his early education and classical studies began, andin 18^3 he was 
^aduated an Industrial Engineer (Electrical Section) from the 
Royal Polytechnic of Mflan. Subsequently he received another 
degree in eleetocal engineering at the Institute Montefiore in 
^ege. The following year he became associated with the 
Milan Bdi.son Compa,ny, later l^eoming its teehnfcal director, 
i, 1 directed the construction of one of the pioneer 

hydroelectric .developniertte, the Pademo Plant on the Adda 
transmitting power ^o the City of Milan, and in that connection 
M a result of his keen analysis of ^e ecpnomies of transmission, 
he developed the ^ A” typo of towers. 

While engaged in central station work he made many contri¬ 
butions to the development of lio art of power transmission and 
distribution. His proferejsive id*fl»and sound judgment at¬ 
tracted tho5ittontioti of enginqer^amd utility executives not only 
in Italy but in otlior countries, and the call for engineering advice 
on many new impoftant^lirojects led Mr. Semenza to leave the 
employment of,the MlJan Edison Company and open a con¬ 
sulting engineering office. Since then, Mr. Semenza was re¬ 
tamed in a consulting capacity by innumerable private and 
publte undertakings in all branches of electrical applications, 
including power generation, telephony, traction, etc. Some of 
his work was in foreign countries, making' busine^connections 
with important enghieoring firms abroad, Buch%s Merz & 
McLellan. During Uiis time lie*also served aa^^i member of the 
Board of Directors of many electricalpompanigs. 

In 1923 he succeeded in enlisting the necessary support to re- * 
organize the company known as the 0. O. S. (formerly Olivetti). 

He became its president, and fn a very few years it reached a high • 
degree of prosperity, becoming thg largest manufacturer of 
eleetrieal rnotem and instruments in Italy. 

Outside of those profossiopal pursuits, Mr. Semenza ■v^ a 
most devoted worker in aU activities affecting the intelleotual 
and industrial development of* electrical associations in Italy 
and throifghout tlie world. The transactions of engineerings 
associations anff con| 3 -esses as well as technical jJeriodidWs .are 
replete with his articles, discussions, and contriButions, charaov* 
terized by profundity of mought and clearness of expression. 

He was President of tlio Assoiuazione Elettroteciiica Italiana, 
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to -which he gave unsparingly of his time and*a*bility, *and*a 
member of numerous foreign societies. 

He was also one of the’founders of the International Electro- 
teohmcal Commission, to which, since its inception, he.had given 
generously of his time and advice. Prom 1923-1927 he served 
M Its Presiden tand as such he presided at tha convention in 
New York two years ago*. • ^ 

To Mr. Semenza for his persistent work and unexcelled, tactful 
^^ii^ of the m^y.questions arising before that organization, 
tne I. E. C. owes a great debt of gratitude. 

Mr. Semenza was the type of a great.engineei- endowed with . 
the most propitious aptitude for scientific studies and industrial 
activities, to boli of which he contributed ahwndantly on the 
one hand, by evolving keen synthetic analysis of arduous scien¬ 
tific questions and on the other by directing and promoting 
industries. He aimed constantly at results without considera¬ 
tion of material interests. <» 

Bo^ from Italy and foreign governments and associations, ■ 
Mr. Semenza received innumerable deevations and testimonials 
of recognition and esteem, but perhaps the most cherished to Mm 
mifit have been the award last spring of the Faraday Medal by 
the British Institution of BlJeetrioal Engineers. The recipients 
of the medal m tlie order of award are: Oliver Heaviside, Sir 
Chiles Parsons, Dr. S. Z. da Ferranti, Sir J. J. Thomson, 
ColoMl R. E. B. Crompton, Dr. Elihu Thomson, Professor 
J. A^eming, Ouido Semenza. The year previous he was ma/in 
an officer of the French Legion of Honor. 

Henpr A- Coles. District Manager of the 'Westinghouse Elec- 
toe and Manufacturing Company’s branch at Atlanta, Georgia, 
ffied October 27 at the Roosevelt Hotel, New Orleans. He was 
^ years old and moved to Atlanta 30 years ago from Niagara 
C^pa^^*^ Sales Engineer for the Westii^houso 

Coles was bom at Tallwood, Va., and attended Roanoke 
^Uege. He was graduated from the University of Ifirginia in 
1891. For a year he was associated with the Edison General 
Mectric Company in Schenectady, resigning in 1892 to joih the 
Westinghouse Company. Mr. Coles joined the Institute as an 
Associate in 1904 andudvanced to Member in 1913. 

Consulting Electrical Engineer of 
the FitzGerald Laboratories Inc., Niagara Falls, N. Y. and for- 
mw Resident of the Electro^emicaJ Society, died of pneumonia 
October 26 at Ms home in Niagara Palls, N. T. He was bom in ' 
Dublin, Ireland, June 1, 1870> Ms first education being in a pri¬ 
vate school; late* in attending public school at Uppingham, 
Ei^land. 1892 he obtained a degree of B. A.,.moderatorsMp 
and medal in Experimental Physios and Chemistry at Trinity 
College, Dublin University, Dublin, Ireland. He then came to 
tMs country and earned Ms B. S. in Electrical Engineering at the 
Massachusetts Institute of Technology. In -1896 he engaged 
with the Carborandum Company of Niagara Palls in charge of 
the Electric Furnace and Chemical Departments and in Re¬ 
search Work; in 1903 the FitzGerald and Bennie Laboratories 
were organized urith Mr; FitzGerald Consulting Engineer. This 
■work included design, construction and operation of the indue* 
tion furnace plant of the American Electric Furnace Company 
as well as many other important plants for the Cartner Electro¬ 
lytic A^ali Company, the National Carbon Company and others. 

Mr. Fitzgerald assisted in organizing the Aeheson GrapMte • - 
Company, and in perfecting the grapMtePprooess; also wMing 
Doctor Aeheson in other discoveries relating to grapMte. Htf 
was a chaifter member of the Niagara Club. He became a 
Member of the Institute in 1914. 

Wal ter H. MUlSn, Superintendent of Substations of the Unioif 
Electric Light and Power Co., died at Ms home at St. Louis, Mo. 
o# November 13,1929, at the age of 40. Mr. Mmias was bom at • 
St. Louis, Mo. and was educated inline public a.nd night schools 
of th^ city. In addition, he studibd Electrical Enginftering 
. throuj^ thb I. C. S. He began fiis sqpqpe with the Union Elec- 
toc Light and Power Co. in 1903 and has been a pioneer in the 
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development and appHoation of *automatio switching equipment 
^ for Edison systems and a-o. substations. *Mr. Millan was elected 
/ an Associate of the Institute tp 1914/a Memb^ & 1921 and a 
Fellow in *1927. His interest in the Institute has been active 
and continuous. He served as Chairman of its Automatic Sta¬ 
tions ComimttSe in 1927 and 1928 and was a member of this 
, oom^ttee*in 1929. He served as Chairman of the St. Louis 
Section in 1927. In contribution to technical literature, in 
addition to various articles in the Eleclrioal World, he has pre¬ 
sented several papers before the Institute. 

At the time of his death Mr. Millan was a member of the 
Engineers’ Club of St. Louis; he was a Past Master of Pilgrim 
Lodge A. P. & A.*M. No. 652 of St. Louis and a 14th degree Soot- 
ti^ Rite Mason. 

Robert Meredith Searle, an Associate of the Institute since 
• gil9(}9 and President of the Rochester Gas & Electric Company, 
I^chester, N. Y., died at his home in that city November 13. 

Mr. Searle was bdtn at Peekskill, New York, March 3, 1869, 

. he was educated, however, in the New York City schools. Ever 
^ dnoe 1885 he had been in the gas and electric business, sere'^pg 
in ahnost every capacity from stationary engineer to president. 
PracticaJ^work in the engineering profession, with studying night 
. and day, gave him high capability. His first work was as an 
office hoy for Tlibmas A. Edison. Then he went to Philadelphia 
with the United Gas Irdhrovement Company where his advance¬ 
ment was so rapid that before leaving to become foreman for the 
Consolidated Gas Company Plant in New York aty, he had had 
charge of a number of plants as superintendent and engineer. 
Later he returned to the United Gtes Company as Superintendent 
of its various plants and still later became operating executive of 
^e Westchester Lighting Company at Mount Vernon, New 
York. In 1906 he was appointed General Manager of the Roch¬ 
ester Railway and Light Company, at that time controlled by 
„ the Andrewtf-Vanderbilt interests. The Rochester Gas and Elec¬ 
tric Co^cfrafcion ^ew out of this company, and Mr. Searle was 
advapced to the vice-presidency and ultimately to the presidency 
of Ihe new company; in this office he remained the unanimous 
choice of holdinjg eoncer^ which subsequently controlled it. He 
^so took a leading part in civic affairs and viraa at one fa'mo Presi¬ 
dent of the Rochester Chamber of Commerce. In 1922 he be- 
Mane a member of an advisory committee to assist the Public 
. Service Commission in aiding State public utilities to obtain 
• goal during a strike period, and later becaihe Fuel Administrator 
for the Western District of Nett' York. For the past eight 
yearn he has worked on the problem of eleetriffcation of the New 
York Centra’s lines from New York to Buffalo, his ability in 
finance (Qualifying him to represent the railroad in this connection 
M well as from the electric power point of view. At the fa'ina of 
his death he was President and Director of the Rochester Glas 
and Electric Corporation, the Mount Morris Illuminating Com- 
)^ny, the Mount Morris Water Power Company, the Qeneseo 
ws Light Company, the Caneadea Power Corporation, the 
Hilton Electric Light, Power and Heat Company and the Cooper 
Electric Corporation. He was also a Director of the Rochester 
Security Trust Company. 

Ar&ur GwScottp Consulting Engineer of Dallas, Texas, and a 
Member of the Institute since 1917, died in that city, at the age • 
^ ^ liative of Belmont, N. Y., received his degree 

^ B. S. from R. I. CqPege of A. & Mi. Arts in 1896, Mechanical 
fcJourse; attended the summer courses at Harvard, Cornell 
Massachusetts of Technology and the University ot Wisconsin! 
m Physios, Geology and Electricity. Prom the University of 
gTisconsin in 1902 he received his Ph. D. degree in Electrical 
En^eeimg, Physics, and Geology. After his graduation from 
R.I^ CoUege in 1896 he had charge cff the Departments of 
Physics and Electrical Bngjpeering and from 1897, of the college 

of the Department 

oj Blectnoal Engineering at the University of Rhode Island was 

representative and most efficient; he also spent some time at the; 


University cf Ohio. He developed a number of principles bear¬ 
ing upon the operation of single-phase a-c. motors after he was 
professor in change at the University of Texas,, and in each in¬ 
stance he did excellent Work. Professor Scott was a member of 
the Institute’s Dallas Section. 


A. I« E)« E« National and District Prizes 

The following National District I^rizes may be awarded 
each year: ^ 

National Prizes ‘ e 

1— ^PlRST PrI^BS 

Engineering Practise ‘ 

Thdbry and Research 

Pfiblic RekUions and Education . ' 

2— rIzb Initial Paper ^ 

3— ^Prizb por Branch Paper ^ 

1— ^The National First Prize in each of the three classes; r 
namely. Engineering Practise, Theory and Research and Public 
Relaiions and Education, consisting of $ 100.00 and a certificate, 
may be awarded to the author or authors of the best original pa¬ 
mper presented at any National, District, or Section Meeting of the 
Institute. 

2— The National Prize por Initial Paper, consisting of a 
certificate and $ 100.00 in oashf may be awarded to tlje author or 
authors of the most worthy paper presented* at any National, 
District, or Section meeting of the Institute provided the author 
or authors have never previously presented a paper which has 
been accepted by the Meetings and Papers Committee. 

3— —The National Prize for Branch Paper consisting of a 
certificate and $ 100.00 in cash, may be awarded to the author or 
authors of the best paper based upon undergraduate work pre¬ 
sented at a Branch or (ffcher Student meeting of the Institute, 
provided the author or authors are members of a Student Branch. 


District Prizes 

The followingJ)istrict Prizes may be awarded each year in each 
Geographical District of th!? Instiflite. 

1— ^PlRSTPlilZB . * ’ • 

2— Prize POR Initial Paper * * 

3— ^pRIZB FOR B RANCH PAPBR • 

Each District Prize sh^ cosisist of a oertifica^ of award issued 
by the officers of the Geographical District, afid $26.00 in cash. 

It may be awarded only to an author or authors who* are located. 
withm the District, and foj a^paper prescnted'at a meeting held 

within or under the auspices of tiic Dislaict. 

1—The District First PriSb Wy be awarded for the best 
paper presented jt a National, District ^r Section meeting. 

2 ^The District Prize for Initial^A jpfiR may be awarded 
for the best paper presented at a NatioW, Distnot or Section 
meeting, the author or authors of which have never before pre¬ 
sented ft paper before a National, District or Section Meeting of 
the Institute. ^ ^ T 

3—The Diotrict Prize for Branch Paper may be awarded 
for the best^aper based pn undergraduatq, work presented at a 
Branch or other student Meeting of the Institute, the author or 
authors of whiehVe membew of a Student Branch. 

• The eonditions JlE awards the various National and Distriot 
Institute Prizes have been printed in pamphlet form, and (liiTiT.g 
,^e month of October, a copy of this pamphlet was mailed to all 
Histriot and Seotion officers and to the Counselors of all Stu¬ 
dent Branches. • f. 

Attontton is directed tp the fact that the conditions require 
that all papers presented during thd caJendar year 19*29 and to he 
offered in competition for the National Prizes, must be received in 
Wplicate at National Headquarters in New York on'or before 
Febmagy 16, 4930. These papers may be qubmiited by the an- 
.^ot or authors, by an officer of the Institute, or by the executive 
•commit^s of Sections or Geographioal|>is 1 riots. . , • 

• Papers to be considered in*oompetition for Distriot Prizes 
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of the Bra^cCs^ttoii!'OT^DMtriet*tono^^ the or other member .who is mterested may obtain fuU 

CommitteeonAwards, on or before January.lO. 1930. 


A, L E. E. Section Activitie 



^ POWEf GROUP .OP NEW YORK!*SECTION MEETS DECEMBER 9 

The second meeting of the Power Group of the New York See- 
tiomfor this yeaar will be held Monday evening, December 9, 
1929 to 7:30 p>m. on*the fifth floor of the Engineering Societies 
Building, 33 West*39th St., New York, N. Y. . 

The subject “Sysfem Connections*' will include gwierally the 
various methods used for ^connecting systems with particular 
* reference to the operation of the *‘synohronized-at-the-load" 
system in New York City. Ther8 will be three speakers; A. E. 
Powers, Westinghouse Elec. & Mfg. Co. will describe the general 
conception of stability both static and transient; I. H. Somers 
^ the General Electric will present a paper dealing with the 
nng bus, the synclflronizing bus, double windings, and the new^ 
scheme, “synchronized-at-the-load.” The third speaker T 
MaxweU, of the United Elec. Lt. & Pr. Co. will give a r(Ssum6 of 
operating experience with the “synchronized-at-the-load" 
^nnections. There will be ample time for open discussion. 
To permit commuters to get an early train home, the meetine 
will adjourn at. 9:30 oclock. 


NEW YORK SECTION TO GET STATISTICS ON “HOW MUCH 

LIGHT** • 

For a number of weeks an iRformaf committee organized at 
the instance of the New York Section of the A. I. E. E. has been 
at work ^seSibling statistics of artificial lighting in the United 
States with the idea of preparing an estimate of the country's 
saturation" in artificial ligli* simikr to the Veil-known esti¬ 
mates of sattiration for household electric appliances, etc. Not 
only have the statistics of the industry and of the country been 
collected and studied but a painstaking effort is being made to 
establish, on purely physiologic ground^ the lighting levels which 
constitute the nflnimum for satisfactory eye work and the opti¬ 
mum for average eyes under ordinaiy working conditions. A 
summary of this data, expected to bo of great interest in outlining 
expa^ision# and other futpre pTanjf for the lighting industry, will 
be presenj^d at the meotigg^o# the New York Section of 
the A. I. E. E. to bo hold at the Westinghouse Lighting Institute, 
Grand Central I^al/ice, ^0 Lexington Avenucf New York City, 
at 8:00 p. m. oi\Wedna^ay evening, December 18,1929. 

The speakers who will present this subject are: Arthur E. 
Allen, Vice-President of tlie Westinghouse Lamp Company and 
E. JS. hYeo,"Consulting Engineer. Two otlier speakers of promi¬ 
nence may be added.* • 

• After the mooting, guides will be provided aiid opportunity 
will be given for members to inspect the exhibits m the Westing¬ 
house Lighting Institute. • • 

As the auditorium at the Lighting Institute^seats but 450, ad¬ 
mission to tlie meeting will bo placed on a ticket basis, each mem-* 
bor being entitled to ono ticket only. Pull details will be given 
in the notice to bo mailc^d to*the Section membership during the 
first week of Decoml xu*. « 


Boston 

DMembef 10,1929. The Technique of Color md TedUng Mo¬ 
tion ^ures, by H. L. Danson of the R. C. A.-Photophone Corp 
Dr. L. T. Troland of the Technioolor MoSon Picture Corp 
Buffet supper at 6:30 in North Hall, M. I. T. 

Cleveland 

Deeembw 12, 1929. Anti-Aircraft Amiery,%y Major G. M."* 
Barnes, Ordnance Department, United States Army. 

Janu^ 16, 1930. EUelricity andrthe Universe, by David 
Di^z, Scientist and Author. 

Detroit-Ann Arbor „ 

D^niber 10, 1929. Eower Home Design, by Alex Dow, 
President The Detroit Edison Company. Inspection top through 
the New Delray Power House in the afternoon. Joint meeting 
wia the Detroit Engineering Society# at the Detrpit Edison 
Auditorium. 

J^uary 21,1930. Ladies' Night. Motoring through Evrope, 
by R'ofessor A. H. Lovell, Electrical Engineering Dept., Uni¬ 
versity of Michigan, Ann Arbor, Michigan. 

Lynn 

Techmcal Lecture by H. D. Brown (Jlfer- 


Deoember 4,1929. 
cury Arc Rectifiers). 
December 18,1929. 
January 29, 1930. 
White. 


Popular Lecture. 

The Mysteries of Science, by Harry C. 


FUTURE SBCTI(>N MEETINGS 

Akron % 

December 13,1929. Railway Elecirification, iV J. V. B. Duer, 
Electrical Engineer^^Pennsylvania Railroad Qompany. ^ ^ 

January 10, 193(^. l^he Problem of Public 7!ransporlaii0n i^ 
Akron, ^y^h. G. TigheJ Assistant General Manager, Northern 
Ohio Power and Light CompanjA • . . 


Pittsburgh 

D^er^er 10, 1929. Latest Developments in Supervisory Con^ 
irol, by R. J. Wensley, Westinghouee Elec. & Mfg. Co., Mans- 
lield, Ohio. 

January 10, 1930. Dinner meeting. Professor HarolS B. 
Smith President, A. 1. E. E., “The Quest of the Unknown". 
English Roipm, Fort Pitt Hotel. 

• ——— 

NEW YOBK SECTION pdwEH, TRANSPORTATION AND * 
COIHMVNICATION GROUPS MEET 

On the evening of Wednesday, October 30, 1929, the Power 
Group opened the meeting year of the New York Seot&n with a 
session held in the Engineering Societies Ruilding, 32?West 39th 
Street, New York. George Sutherland, Chairman of the group 
and Assistant General Superintendent of tEe New York and 
Power Company, presided. About 250 members and guests 
attended. 

The general subject of the meeting was: “Generation and the 
Development ofi Generators." Two speakers covered the topic 
as follows: H. C. Forbes, of the New York Edison Company, de¬ 
livered a paper dealing with the high lights of generator develop¬ 
ment in the last few years, including the double-winding gen¬ 
erator, hydrogen cooling, and the probable future trend in gen¬ 
eration and generators as viewed from Jhe standpoint of the^ 
operating engineer. The other speaker was C. M.dGilt of the 
Brooklyn Jldison Company# He described the economic aspect 
of the situation, particularly the advantages of large units and 
the probable treny^ in generation and construction,—^a discussion 
participated in by a number of members followed. * 

On Monday night,* November 4, 1929, the Transportation 
Group held its first meeting. Thei^as ah attendance of kbout 
100. The meeting was d^ened by^^. B. Jon^p of the Westing¬ 
house Eleptrio & Mfg. Oompanj;, who called for the report of the 
Nominating Committee, This wasTedJd, and a group of officers 
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elected whioli included C, B. Jones, Chaarman, and Alfred G. 
Oehler, Editor of tbe Railway Electrical Engineer a§ Vice-Chair¬ 
man. The first speaker, Guy HecKer, Gener/i.l*.Seeretary* of 
the Amerioon Electric Railway* Association, gave a general out¬ 
line of the developments in th^ electric railway field and tl&e 
conditions existing in those fields. The second‘Speaker was 
A. 0.-Austin, Control Engineer, Westinghouse Electric & Mfg. 

• Company, who described the technicarfeatures of modern control 
apparatus and the attempt being made tg dpvOlop street cars 
with greatly increased acceleration possibilities and more power¬ 
ful motor eq.uipflaients to meet modem traffic conditions. A 
discussion partieipated in by a number of members followed. 
The meeting clos^ with the showing of a very interesting two- 
reel talking motion picture on traffic conditions in general and in 
various cities. This picture was obtained through the courtesy 
of the R. C. A. Photophone and the American Electric Railway 
Association. • 

• <rhe Cormnunication Group held its first meeting of the year on 
Wednesday night, November 13,1929 in the Engineering Societies 
Building. R. H. Hughes, Chairman of the Group, Assistant 

« Vice-President of the New York Telephone Company presideTl. 
The general subject of the meeting wat, “Materials of Communi¬ 
cation.” •Pour speakers covered the subject, as follows: W. W. 
Brown of the G^eral Electric Co., gave a talk on “Micalex.” 
The second talk on “Cojjper Oxide” by I. Smith of the West- 
inghouse Elec. &, Mfg. Co. dealt with the use and performance of 
that^ type of rectifier. “Developments in Communication 
Materials” was the subject of a talk dealing with insulating 
materials and metals, including duralumin, permalloy, brasses 
and bronzes given by W. Pondiller of the Bell Telephone Labora¬ 
tories. In a talk entitled “Manufacturing Problems in Com¬ 
munication Materials” the last speaker of the evening, D. 
Levinger of the Western Electric Co., described the problems 
which have been developed through introducing some of the 
newer mat^als into the manufacture of communication appar¬ 
atus. L^tem slides and movies illustrated the talks. Open dis- 
cussiolL followed. Over 260 were in attendance. 


N£W YORK SECTION ME^TINO ON ‘^WQNDERS OF SOUND 
^ TRANSMISSION** PROVES VERY POPULAR 

On Friday, November 8, 1929, the New York Section of the 
Institute held its first general meeting of the year. Before an 
► audience of about 1400, Sergius P. Grace, Assistant Vice-Presi¬ 
dent of the Bell Telephone Laboratories, Inc^ delivered a lecture- 
demonstration on the “Wonders of Sound* Transmission.” 
This meeting was one of the most popular ever held in the Engi¬ 
neering Auditorium as in addition to those who heard Mr. Grace, 
at feast fibj were turned away. Chairman H. P. Charlesworth 
opened the meeting promptly at‘8:00 p. m. and after a few brief 
announcements, ti^med it over to Vice-President H. A. Kidder of 
the !New York District, who introduced the speaker. Then in 
an exceedingly entertaining manner Mr. Grace, as proof of the 
great practical value of scientific research, outlined some of the 
developments made in the Bell Telephone Laboratories. Among 
the modem marvels explained and demonstfated were the 
electric ear, scrambled speech, delayed speech, amplified muscle 
noises, the artificial larynx, and translation of mechanical im¬ 
pulses into speech. At the close of the meeting which was ad¬ 
journed at 9:60 p. m., a very large number of the audience 
crowded to the stage t# examine the exhibits and demonstration 
apparatus, find to (Question Mr. Grace. 


FIRST POWER GROUP MEETING—CHICAGO SECTION 
• On Thursday October 17, the first Power GrdUp meeting of the 
Chicago Section of the A, I. E. E, was held in the club rooms of 
the V^estem Speiety of Engineers. • 

Mr. R. C. Bergvall, GeneAl Engineer, Westinghouse Electric 
& Mfgb Company presented a paper on, R,x,eseni Tendencies in 
Power Transmission, special attention being given to the nAtter 
of system stability. * * 


The njeetyig was attended by over 100 engineers who partici¬ 
pated actively in the discussion. This is the first of a series of 
group meetings especially arranged, to appeal to younger engi-. 
neers;and the Clueago Section plans to start other similar groups. 
on other subjects, such as communication and transportatioij, as 
soon as they can be organized and gotten under way. , 


PAST SEGTION MEETINGS 

• A^ron 

Inspection trip to Ohio Box Board Company, preceded by din¬ 
ner at United Brethren Church. Mr. Breakwood Si that 
company gava a talk on the manufacture of their product. 
General discussion followed. October 17. Attendance"80, 

Heavy Duty Mfrcury Arc Rectifiers by W. O. Marti, Chief Engi¬ 
neer of tjie American Brown Boveri Elec. Corp. . Film 
Welding Steel Pipe” from the Lincoln 'Electric Co., Cleve¬ 
land •was shdwn. Supper at the Elks’ Club preceded the 
meeting. November 8- Attendance 45. 

BaUimore 

• 

A. C. DisiHhution Network Systems, by C. J. Brosnan, Engineer, 
Westinghouse Elec. & Mfg. Co. Chairman presented report 
on Conference of Officers and Delegates »at Swampscott, 

• June 1929, and Executive Committee meeting District No. 2 
held in Pittsburgh, October 7. OctobeSr 18. Attendafioe 
125. 

Inspection trip through the yorks of the Baltimore Copper 
Smeltinff and Rolling Company. A. S. M. E*. members 
joined the A. I. E. E. members for this inspection. Octo¬ 
ber 19. Attendance 75. 

Boston 

Inspection trip of the port facilities of the Boston Harbor on the 
City Steamship Michael J. Perkins, The ^rip was accom- 
ppied by Messrs. Davis and McSorley of the Boston 
Chamber of Commerce who gave information about the 
Harbor which was joUow^ by a general discussion of 
possible improvements. October 6. Attendance 186. 

Cleveland 

Joint meetmg with the Illuminating Engineering Society in honor 
of Edison’s Golden Jubilee, preceded by dinner furnished by 
the National Lamp Works. Addresses by John C. Lincoln, 
Ch^man of Board of Directors, Lincoln Electric Co. on 
Edison and^ His Inventions, and W..Shenton, Managing 
Editor “Light M^azine,” Tribute to Edison, Meeting 
concluded with a cineograph of Edison’^ life. Previous to 
the dinner Chairmai\T. D. Owens reported to his Advisory 
Committee on the Ootohef 7 District meeting. October 10. 
Attendance 160. c 

Connecticut 

Harry A. Hangh, Jr., Vioe-I}re«de2it, Automatic SignaLCornora- 
• informal taljc traffic conditions,rillustrated 

with demonstrations of sevecal'pjeces of apparatuTJ typifying 
street intersections, etc. Dinner preceded meeting at 
University Club. November 7. Attendance 46. 

Denver ^ 

Dinner guests of the Mountain States Telephone & Telegraph 
Co.^foUowed by an inspection of the new building of that 
company. October 18, Attendance 100. ^ 

, <r *■ 

Detroit"*Ann Arbor 

^I’QGt^^jN’ational Lamp Works of G. E. Co., spoke oh 
Light’s Golden Jubilee. Joint meeting with the Illumi¬ 
nating Bngii^ring Society.* October 8. Attendance 200. 

« ^ • Erie 

Talk by M. V. Wright of the Mutual Telephone Co. on telephone 
systems. Mr. Ramuling of the Erie lighting Coft related 
ms company’s practise on poVer generators and transmis- 
• smn. Mr. Moore, Erie County Electric Co. gave a talk 
^d demonstration on Electric illumination. October 16. 
Attendance 50. 

. Fort WayDe 

HighVoU^e •B^earch in Cooperation with Industry, by Prof. 
C. Ejan^ Harding, Purdue University. Discussion fol- 

• . Ch^ge in By-laws proposed aad carried. October 
?0.®Atteiflian<je80. 

t** • • Houston ^ 

Lisp^tioR ^p to the Freeport Sulphu5» Company at «Hosldn, 
Texas m the afternoon, th^ to the Bryan Mound Mine, 


• •• 
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followed by a dinner at the Tarpoon Inn, Freeport, as guests 
of the Freeport Sulphur Co. A talk on the production of 
sulphur was given by E. L. Nims, Asst, General Manager 
of that opmpany. October 26.. Atfendance 27. 


.Iowa 



witth powe? systems in Michigan, 
dance 58. * * ^ • 


Stevens 
Proh- 

_experiences 

October 28. Atten- 


Kansits City 

Mail’s Progress in Terms of Light, by Professor 0. D. Hunt, 
* Kansas State Agricultural College, in honor of celebration 
of Light's Golden Jubilee. A short talk was given by 
J. F, Porter, President of the Kansas City Pf. & Lt. Co., an 
Edison Pioneer., Replicas of all types of lighting from the 
early olive-oillamp to the present day Mazda presented. 
October 14. Attendance 92. • 

Lynn 

First meeting of the Season held*in recognition of Light's 601h 
Anniversary. Charles C. Pierce of the General Electric 


• . • • * 

Lightning Disiurbancesy by F..W. Peek, Jr., Consulting Engi¬ 
neer, General Electric .Co., Pittsfield, Mass., illustrated by 
. slides and motion pictures. ^ , 

Vice-President* W. S. Rodman announced future activities . 

• and spoke on the relation of the Section to the Institute. 
Informal dinner. October 23. Attendance 95. 

Inspection trip to the Riverbend Steam Statioft and Mountain 
Island Hydroelectnc Station*of the Duke Power Conlpany. 
October 24. * * . * 

Philadelphia 

Joint meeting with the Illuminating Engineering Society. 
Professor Charles F. Scott, Yale University, presented e, 
paper bn Fifty Years of Light and Pow^. October 21. 
Attendance 200. 

Pittsburgh * 

Joint meeting with the Engineers' Society of Western Pennsyl¬ 
vania and the Institute of Radio Engineers. Making Sound 
Visible and Light AudibUy by Dr. John B. Taylor, Consulting 
Engineer, General Electric Co. Informtsl discussion fol-i ** 
lowed. October 16. Attendance 440. ^ 

Portland 


Anniversary. Charles C. Pierce of the Generd Electric -g j^Qyeg^ Sales Engineer, Aluminum Co. of America,,pre- 
Co- who was in intimate contect with Mr. Edison mr some . sented New Developments in Mechanical Features of Trans- 
*t7Ao.‘ra cnnlrA^nn Iris aceoiIlDlisJimSIltS- ProfeSSOr luOmSOn, Tint.li Tnnvino* AlnmiiniTn 



are lamp. Refreshments served, 
dance 141. , 

Today's Researcbz—Tomorrow's Engineeringy by L. A. Hawkins, 
Executive Engineer, General Electric Co. Research Labora- 
tor5^ November 6. Attendance 120. 

Mexico 

Scott Lynn; Vice-President and General Manager of the Sangamo 
Electric Co* of Canada gave a lecture on Electrical Metering 
Apparatus, Elections and committee appointments an¬ 
nounced. October 8. Attendance 27. • 

Annual Banquet at Hotel Mancera. October 19. Attendance 31. 


...------ to 

muBiraije Tin© steps in thS development of the electric lamp 
and the illuminating efTecta possible witli the modern elec- 
• trie lamp. History^ of Edison's life ’and his achievements 
reviewed by Mr. Brown. A. C. Langstadt read paper on 
the first centml power station in operation at Appleton, 
Wis. A. R. Schmidt of Mil^ukoe enumerated eimeriences 
' with the or&nal Edison Company. Dinner preceded meet¬ 
ing. October 16. Attendance 150. 

. * * Minnesota 

WooH Po^es and Wood Preservalioriy^y J. P. Wentling, Director 
Resefifch Division, Wostetij Red Cedar Association. Octo¬ 
ber 28. Attendance 32. 

, / New York * 

Power Group, ' Talks ^y H. C. Forbes of the New York Edison 
Co. and C. M- Gilt of the Brooklyn Edison Co. General 
meeting subject was GjuJieralion and the' Development of 
GcnercPtors. October 30. Attendance 250. • 

Transportation Group. . Guy C. Hecker, General Secretary of the 
American Electric Railway Association, gave a general 
' outline of tlie developments in the eleetnyrailw^ nel(L 
A. 0. Austin,^Control Engineer, Wostin^ouse Elec. & 
Mfg. Co., described the tedlbnieal featuree^of modern control 
apparatus and attempts being made to develop street ears 
with greatly increased acceleiflEition pcssibiUties and more* 
powerful motor equipment to meet modem trafue conditions. 

reel film pn traffic conditions in various cities shown 
through the courtesy bf the R. C. A. Photophone and 
A.E.R.A. November 4. Attendance 100. 

' North Carolina ^ 

Adoption of By-Laws. Waiprville Detielopment of Carolina Pow^ 
<fc Light Companyy by J. H. Paget, Supt. of Power, Carolina 
Power & Light Co., Raleigh, N. C. ♦ * 

New Era in Ship Propelling Machines, by F. V. Smth, 
Federal and Marine Dept., General Ele^. C(^, Sch^ectady, 
illustratewit3 slides. ^ , t V 

Bydroeleckic Development in Canada, by W. S. ]^e, Yi^- 
President and ChSf Engineer, Duke Power Co., Charlotte, 
N. C. 




scutch 2YPU/ V9V ^r.1. vwfVi.v#v«/wwv 

mission Lines, illustrated with moving pictures. Muminum > 
cables were exhibited* The New 110-Kv. Lewis River Trans¬ 
mission Line, by E. F. Pearson, Electrical Engineer, North¬ 
western Electric Co. General discussion and buffet limch - 
followed. October *21. Attendance 108.** 

St. Louis ^ ** 

C. Carter Lewis, Lighting Engineer of the Union Electric Light 
& Power Co., gave an interesting talk, tracing the develop¬ 
ment of lighting as applied to the home from the earli^t 
prehistoric times up to the present. Models to show the 
various developments in home lighting were presented. 
Prizes awarded lady guests. October 16. Attendance 75. 

Schenectady 

Reading of minutes of Annual meeting. Announcement of 
election of officers. The evening was devoted to a smoker 
celebrating the occasion of Light’s Golden Jubilee. Two- , 
reel film ^The Benefactor" was shown. Smok-es. refresh¬ 
ments, and musical numbers provided. October 12. 

Attendance 225. oi ' ix* 

the Fishing Banks and Fishing, by Bassett Jones, Co^ultmg 
Engineer. Mr. Jones disenssw the details of fishing and 
the geology of lihe fishing banks off Nova Scotia. Dinner 
preceded meeting. November 1. Attendance 200. * 

Seattle 

Chairman L. N. Robinson read minutes of four previous meetings. ^ 
Ray tlader gave report on the Summer Convention at ^ 
Swampscott. A short J;^k was mven by Professor R. G. 
Tyler, Dean of the Engineering College at the Uipversity 
of Washington. Lieut. L. Dreller, u. S. N., spoke on 
The Propulsion and Other Electrical Equipment of the New 
Airplane Carrier, V, S, S, Lexington, Coffee and s^d- 
wicnes served. October 16. Attendance 76. ^ 

Springfield 

Report of meeting of Executive Committee, District No. 1, held 
October 9 read. Future Section meetings ann<mnced. 
H. Sohroeder, General Engineer of the Edison Lamp Works, 
Harrison, N. J., spoke on Edison’s development of the 
ineandesce^it lamp. Refreshments served. October 14. 
Attendance 50. 

Syracuse 

Executive Committee meetiae. J^signation of form« Chair- 
mau MoCana accepted. F. B. Ver^ ehosea as Chamman 
for the remainder of the term. Charles W. Hend^rron 
elected Secretary. Section plana discussed. September <50. 



UJJIO 10VOUJ.W. —— - , I n •J-T- Ti_ • 

The Quest of the Unknown, by Professor Harold B. Smith, Presi- 
dent of the institute. Dinner tendered to Professor SmiVi 
by the Section. November 1. Attendance 117. 

« Toledo , ^ 

b J. Film of the General Bleotri^. spoke on light’s Golden 
julSee. Ed. Thonfts relatedWnenoM on ^M^ental 
work while wofking for Mr. iSoison in 18^. ^ve^^ute 
fLlid givffli daily bV Featherstone, Dubs, 

Rabbe,andNeuber. , . 
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Torcmto 

Paper lyesented by'A. R. WeUs on the Use of Graphic Meters m 
Industry, Wells des<3ribed the use to -which graphic 
meters might be put, their c 9 nstruction, and troubles likely 
to arise, and gave data relative to their correct connections 
into power circuits. Discussion followed.. October 11 . 
Attendance 80. 

D. M. JoiSBs of the General •Electric Co, spoke on automatic 

. frequency control and the difhculties experienced in securing 
satisfac^ry frequency regulation on systems of any maeni- 
. tude. Discussion followed. October 25. Attendance 66 . 

* Urbana 

Eledncal Ei^iiteering Applications of X-Rays, by Dr. H. L. 
Clark, I^ofessor of Chemistry at the University of Illinois. 

. October 9. Attendance 100 . 

R. E. Doh^y, ConsBltiiig Engineer, General Electric Co., 
bcheneot^y, N. Y. spoke on Constant Idnkage Theorem. 

^ October 25., Attendance 130. 

• • . Utah 

C. B. Shipp presented # report of the Summer Convention at 
•Swampscott. Electric Motors and Their Proper Ap^Mcat^on, 


'' Journal A-^ I. E. B. 

illustrated with lantern slides. Five 
veel film entitled “Prom Mine to Consumer—the Storyibf 
Anaconda*’ presented. October 14. * Attendance 26. 

• • Vancouver 

The Quest of the Unkyioum, by Professor Harold B. Smith, Presi¬ 
dent of the A. I. B. E. with lantern slides. Dinner at which 
President Smith spoke on Institute activities preceded the- 
meetmg. August 20. Attendance 46. 

Inspection teip to Buntzen^ Hydroelectric Development, Plants 
l^and 2 , B. C. Electric Railway Co., Ltd. Luncheon at 
Wigwam Inn preceded the inspection. September 14. 
Attendance 19. • 

System Stability, by I. H. Summers, General Electric Co., ' 
Schenectady,^. Y. September 30. Attendance 30. 

• Washington . ^ 

FormOT ^ction Chairman, Professor L. D. JBli&s gave a report of 
toe Swampsfott convention. Film “The Story of Copper, 
rrom Mine to Consumer.” Dinner preceded meeting. 
Octobers. Attendance 153. ^ 

Worcester , 

Perso^ reminiscences of Edison by Dr. A. E. Kennelly, Harvard 
University. October 21 . Attendance 30. 




I 


Ae !• E. Ee Student Activities 


ELECTRICAL .SHOW HELD AT MONTANA STATE 
COLLEGE BRANCH 

The Montana State College Branch celebrated Light’s Golden 
Jubilee by having an Electrical Show on the evening of October 
21,1929. I^eparations were made by the juniors and seniors and 
the exhibits included a wide variety of interesting and instructive 
equipment and demonstrations. About twenty-five exhibits 
were provided including artificial lightning and television 
equipment. 

An aidfess was given by Professor C. F. Bowman of the 
EleotHcal Engineering Department, on the correct use of light. 
This address was illustrated fully with demonstrations of various 
types of correct and incon;eetr lighting. 

^ ^ Tuesday, October 22 , an address on toe 

“Romance of Light” was given by H. Plumb.. Consulting Engi¬ 
neer of toe Genera] Electric Compajj.y, and in the evening of that 
date he gave a second address entitled “Painting with Light.” 

PAST BRANCH JllEETlNOS 
Alabama Polytechnic Institute 
of pre-nous meel^ read and approved. Talk by Paul 
* Summer Work at Broadcasting Station 

WAP I.” October 17. Attendance 18. 

Fotlwe 0 / Beamififs o< BartUtts Station, by R. F. Ham, 
.^udent; The- EUctnc Power Industry in Japan, by J. a! 
Willman, Student; and Steroscopie Motion Pictures, by W. R. 
Colman, Student. October 24. Attendance 26. 

Armour Institute of Technolo^ 

The E^tnfication of Steam Railroads in Europe, by H. H. Field 

illttstrjfted with slides! 
Jomt meetmg with local chapter of Western Society of 
^ng^eew. Committee appointments announced. Novem- 
•ber 1 . Attendance 90. 


CameiUe Institute of Teohnoloiy 

FoWcotmn of Copper, loaned by the U. S. Bureau of 
The Trend in Public Utility Rate Making, by L. B. 


Tlir rofKMf bfb __ 

MeConaghy, Student. Refreshments 
vember 6 . Attendance 86 


served. No- 


Brooldyn Polytechnic Institute 



. Attendance 90. 

California Institute of Technology * 

^^lfe°A®T Co’i^elo^spoke on the activities of 

£■ o ?• debited the PAciflc Coast Con- 

4 ttendaii,ce 34 . ^ onioa in ember. October 15. 

• Unlvers^ of CalHomla * 

Two-reel ^ describing student 
£®1*®1^ plant of the General Ettotric 
oo. Refreshments %efyed. October 23. Attendance 98. 


* Case School of Applied Science 
Commit^ appoi^menJs annWced. Talks by Professors 
S' (Counselor) P. L. Hoover, R. C. Putnam, and 

A. MiUs on past summer experiences. Dinner preceding 
meetmg. October 15. Attendance 34 . 

Clarksoii Cglleitestf Technoloily 

Inspection of AUen;s F^s and Parishville Hydroelectric Stations. 
Professor A. R. -Powers, Counselor,, and several Students 
gave short talks. Dinner. October 31. Attendance 33 . 
Insprotion of Hydroelectoc Stations at Sugar Island, Hanawa 
Falls, and Bro-wn’s ©ndfee. October 15. „ Attendance 61. 
Film depicting Edison’s life. October 21 . Attendanoe 69. ' 

Oemson Adrlcultural^^GoIlede " 

Buyi^ Supplies/or a LarggJEUctftcrd Concern, W C. E. Jarrard, 
giude^ut; Eodto Tnt^ferer^ce^Jrom Une /rUuWft by S. e! . 
HemOTee, Studen^Oiwent «e»enis, by C. G. Smoak, Student; 
and Follies, by W. N. Coleman, Student. October 17. 
Atteuaance IS. 

Ufe g Elihu Thomson, by JJ!d. Prim,'<&tudent; The Engineer, 
Pra<^ed Idealtst, by E. H. Mazyek, Student; New Waysfm- 
M tn Indmtrm by J J. MoPadden, Student; Qualities of an 
E^neer, by W. D. Crmg, Student; Currmt'Evepts, by J. L. 
Chapman, Student. Luncheon. November 7. Atten¬ 
dance 26. . ^ 

^ Colorado Ailricultural College 

Busies Mating. L. H&ubric^ elected Secreteiy. Professor 
H. G. JordagS Counselor, gave a talk on the A. I. E. E. 
September 23., Attenddluce 17. 

•Rob^ P. Bonney, Educational Director of the M. S. T & T 
illustrated lecture on Life of Edison and 
, Light s Golden Jubilee. October 14. ♦‘Attendant 101 , 

S* MIoDonald, Head of the Mathematics Dept, gave a 
lecture on Astronomy. 9 October 29. Attendance 17. 

• University of Colorado 

Talks by Dean H. S. Evans and PrSfessor W. C. DuVaU, Coun¬ 
selor. I^-slide lecture entitled Light^s Golden Jubilee, * 
M^uscnpf read by Geq, B. Steuart, Student. October 16 
o Attendance 86 . 

Engv^ng TKinmg,hy N. R. Love, Chief Engineer, Denver 
^ Secretary Den-rer Iteotion. Discussion 

followed. Refreshments served. ^November Atten- 
• dance 66. • ^ 


'V 



»i 




; • V. — 


Dee. 1920 


INSTITU'fE AND RBLAT^ID ACTIVITIES 


Coopej Union • ^ 

Election of Officers. October 16. Attendance 9. 

CorneA University * • 

®®*‘l^feTthTA WT’’ Chamberlm outlined 

Atten- 

• • * ^ 

* • University of Denver 

'“‘m'co" *■““ “• * 

Brezel Institute , 

'•y Professor B. O. Lange, Conn- 

Univei^ity of Florida 

•New soUeited. Talks by,faculty and student members 

tSid^M^ * October 14. At- 

by L. Jl. Bassett, Student. R. T. Meeker, Student, 
gave a ta^ on summer experiences with the Florida Pr d 
ht. Co. Musieal numbers. November 4. Attendance 43/ 

Iowa State College 

Students of-the Iowa State Collet Branch joined members of 

^““^d pf.h President, B. S. Willis, 

I E 4 ““selo^ on the activities of the 

danVl22.’ served. November 6. Atten- 

Kansas State Gollede 

(evening sbctio;^) * 

Current events discussed by Mr. Butler Talh-js nn 

Building New Yorfe^s Newest Subway.” October 24. 

• Kansas Stat<* Colfcde 

« * (afternoon section) 

Current evoiUM)jp i^-Soce. Technical talk on Cuprox rectifiers 
Shi,«5» ?&Y0 on Reproduction of 

■ sib^y^.” %"ber.?i 

^^-.Winston. Talk by R. B. Heckert on 
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Marquette .University 

^«dt«Zry, by 8. Hi Mortensen, Allis- 
Cnatoers Mfg. Co. Professor Douglass reported on the 
number of Student papers received, some of which will be 
ittend^^oe^ls!^® Chicago ^District Meeting. October 3. 

Massachusetts Institute of TecIinolod3% 

N. J. Darling, Works Ma^er of the G. E. Co., Lynn, discussed . 

problems of engineering graduates in 
industry. Movidg pictures showing some of the manufac- 
General Electric Co. were shora 
Dinner preceded meeting. October 31. Attendance 309. * 

Michigan State College 

““d “The Conductor." Six 
Students gave talks on summer experiences. Committee 

served. October 

■* e’ 

University of Michlijan , » 

Election of officers. Prof. B. P. Bailey,'Klounaelor, spoke on the 
••tenda^'ss?*^^*'®® Institute. Oetobm- 23. At- 

Telephone Cjp., discussed the new exchange which " 
has been mstalled on the campus. Talk by A D 

between seniors and leading eiectricai 
companies. November 6. Attendance 40, vi.r«»u . 


Mississippi A. & M. <!!oIleie 


^ ^ Chairinan, related experiences pertain- 

iMttot^ Chicago Central Mon 

IL AttendSS.*®® announced. OctoW 

Missouri School of Mines and Metallurgy 

Election of offleem. Prof. I. H. Lovett, Counselor, spoke on the 
advantees of membership in the^. I B E 

University of Missouri ^ 

Election^ officers A. 7. J. B. and its Relation to the 8t^ 
^ Professor M. P. Weinbach Counselor 
f H P'^ofessor^A.* C Lanier.'^ bv 

G M- L. E. Howard on experiences with,the 

G. E. Co., Sohoneotady. October 3. Attendance 19 


* Montana State College 

The '^IdiTigpf Metals toUh The Atomic Hydrogen Flame bv R A 
Weinman, given by Lowell Kurtz, Student * 


. . ... October 17. Attendance 156. "lorwn, oinaent. 


October 17. Attendanee^i56. 

oS^ If AtSn^lIf^ 

760-Kw. HwhnVoUage RMtifier, by I. J. Kaar of the G. B Co 
given by Earle Rudberg, Student; ’ 

Chief Engineer, Claude 

Neon National Laborato^, given by Carl Plumlee; and 
• ^Ple Mahodfor Keeping the TransmiUer Dkka 

ate "■ «"«• 

. Economy of Bimed Cables, by P. E. Smth, Chief Engineer ' 
Nebraska Power Co., given by Ronald (Wmley* St^^i 

R®y 

D-C. Chi^o Terminal Eledrificatio^ 

A ft Til WkA-nn'UA-Mn on A A- 


University of Kansas 
Talk^ on siiinmor exRorienco.s by Messrs. Leonard. Miller and 

w”i 7 ” numbers furnished. 6ct^ 

• bor 17. Attendance 65. 

New By-laws adopted. Tfte While Way System ofst. Louis, by 
^^"Fnr® iWan, Studoift. ihlms—“Making of Steel ^ 
and Wizardry of Wireless.” October 307* AttondanM 70. 

# U 

Lafayette College 

Flavm mm liledric^ Arcs, by Alfred Qano. October 19. At- 
tendance 13. 

% Lehiiih Univetrsity 

®“®fe' gave informal tMks. 

^o-reel Jilm—“Hydrp^octnc Pdwer Production in the 
New So,uth. Rofroshmepts served. October 24. At- 

tenaa^co 85. •, 


University of.Maine 


wAxim«muia.Liij]^ JJIKIII, s uoidon jiiDiiea presented. Pro-^ 
tailed on the history of the incandescent* 
lamp. Refreshments served, October 23. Attendance 25: 


4» S. M. E. members. October 26.^ 


iLj -v^xuei juugineer, 
— Joint meeting with 
Attendance 50. 
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• • • 

Crysial Control;‘hy Louis F. Lonoli; Hairy E. Cook, North- 
western Bell Tel. Co., gave talk discussing the prospects for 
student engineers. Talkg by W. -E. Huddleston and James 
iuei^auf, Students, relating experiences‘during summer 
employment. November 6. Attendance 37. . 

•Newark Gollede of Engineering. 

Managei^ National *Lamp Works of General 

• Meotno Co., related Edison’s life. Inspection of the 

au^ort arrow on the laboratory building. October 21. 
Attendance 26. • * 

University of New Hampshire .. 

Informal talks by Students relating experiences during summer 
employment. September 28. Attendance 46. 

R. Ballad, Student, spoke on summer experiences as radio ma n 
in the Naval Reserve. A. Whitcomb, Student, described 
interesting features in the Bellows Palls, Vt., Power Plant. 

^ • October 6,s Attendance 45. 

• J. Do^elly, Student, read paper on the Incandescent lamp, 

illustrated by lantern slides. R, Osgood, Student, spoke 
on lus suiter woA as metal analyzer in a foundry. Octo- 
• her 19. Attendance 49. 

J. Arren spoke on The EUMficaiion of the Boston, Revere B*eieh. 
am Lynn Railroad. W. Adanjp, Student, gave history of ' 
alt^ating current development in the U. S. P. Aurtin, 


INSTITUTE AND RELATED ACTIVITIES 


Journal A.-1. E, E. 


University of New Mexico 

Piigt mating of the Branch. Electrolytic Rectifiers, by W. I. 
j^bort. Branch Sectary. Discussion followed. October 
29. Attendance 18. 

Novembers. 

College of the City of New York 

Film—“The Single Ridge.” October 10. Attendance 12. 
Business meeting. October 17. Attendance 12. 

spoke on the opportunities and 
•Atten^M Institute. November 7. 

• AttSdi^oe 30. Engineers. November 14. 

North Carolina State College 

Executive businfisa. Film—“Prom Mineio Consumer.” 


Octo¬ 


ber 16. Attendance 35. , 

• W.Ho^y, Bran<* Chairman reported on the Section meetmv 


November 6. AttendimoeOO. 

University of. North Carolina 
Info^ ^ by D^ Braune, and Professors Bason, Lear and 

. WmlrlAF on. f.TiO firl'trA'n+an.An ^ TP in * xjoao., apa, 

lii. E. membership. 


Winkler on^the advantages of A. I. 
October 3. Attendance 33. 


Problems of Grecian ArcMtectvre, by Dr. J. P. Harland 
witbshdes. October 31. Attendance 

North Dakota State Colleiie 

Lewis Nelson and Walter Nelson 

•• “^®- October 24. It 

i 

► University of North Dakota 

Ciro^ Bjeafcer Prob^, by E. K Reed. Weatinghouse Elec & 
Northeastern Universitv 


—Indiana & Michigan 
served. October 7. Atten- 


LovhV6lta(fe Networks^ by Mr. 

Electric Co. Refreshmenti 
dance 56. 

fv® « ^«8l. by Mr. Mohler, Student. John 
Mullane of the R. C. A. Pbotophone Corp. explained the 
principles of I^C. A. Photophohe. Committee appointftients 
announced. October 21. Attendance 87. * « a 

Ohio Northern' University 

Seamless Steel Tubes, by liouij? Goodman, Student. October 10. 
Attendance 32. , 


Street Illumination in St Louis, by B. Pankow, Studentr Ooto-* 
ber24. Attendance 23. 

• Ohio State University 

Smoker. Several talks by faculty members regarding A. I. E. E. 
benems and opportunities. October 10. Attendance 60. 

Oklahoma A. &, M. College 

Waiter Haw, Student, spokft on the Tulsa Rolling 'MQls Co.’ 

gave r4sum4 of his summer eimeriences 
with Shell Petroleum Corn. Charles Pry, Stu^ut, dis- 
^ssed methods used by Okla. Gas. & Elec. Co. Drafting 
• Dept. October 31. Attendance 22. 

<• ^ 

Pennsylvania State College 

Personal ^aeaiom of Djv SteinmeU, by R. B. Doherty. 
U-. E. Co. October 8. Attendance 86. 

ProfesK>K Doggett, Stavely, and Messrs, 
“ad .Robertson. A..D. Marshall, Asst. 

O^toiJer 1®' AtteSS I§4 ’ “teresting talk. 

Talk by Mr. Ev^, Asst. Vice-President of Bell Telephone Co. 
of Pa. Taiy)yDeanSackett. Election of E. L.^hnston. 

Princeton University 

^ the Branch 

descnbed. October 11. Attendance 14. 

FoHifieations of the Swiss ^ailroSds, by R. M. Schafer, Student; 
Pilatron Tubes, by H. W. Dodge, Student; and ' 

• * 

Purdue University ^ 

C. K. Huxtable presented paper on Thomas A. Edison. IKus- 

fl®^ S? ® ?i!?#®?* on the life arid history of 
Edison. October 22^ Attendance 260. 

0 ^ ^ ft 

Rensselaer Polrtechnic Institute « 

Dr. Robb spoke^on Edison. Demonstrations of old generators, 
o?^ a rephca of Ei^son s first lamp was-exhibited. October 
21. Attendance 95. . ^ ^ , 

The S^eh A^r^t, by ^ofessor Spafford, Dept, of Business 
A^mimstration. Discussion followed. N6vemberl2. At¬ 
tendance 110. 

. - 

Rhode Island State Gollede 

Eovrer Produotion«'in the New South.” 
October 16^. Attendance 417. 

9 

Rose Polytechnic Institute 

Idylls OoJdm JvMUe, by D. F. Williams, illustrated. 

24. Attendance 18. . « 


October 


• . UntverAy of No^ Blaine 

Airport lUuminqHon, by I^. Coomes, Student- 
Life of Maxwea, by Mr. S< 3 anlon; student, and 


Rut^fsrs University 

Qenp^ d^ussion. September 24. Attendance 17. 

Eleo^ of offlc^: G. E W^leBer, President; F: Kent, Vice- 
President. October 1, Attendance 18. 

.®“‘*^A. teefeltlS'"’ 

Vndemmm Cable,'.United Electrte Lt.'A Pr. Co. New 
.• York,hy p. H. Kent, Stodent. October 8. At^dance 20. 

Committee appointments. Prof. Cresfter, Counselor •snoke on 
the activities of the InstitnU Ootobet IS.^Sten^M IK 


A 


t 


'i 


I 

,1 . 

■• ■i . 

4 


• • .• 
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South Dakota School of Mines • 

Talks on summer experiences by Messrs. Walkling, Donaldson, 
t Laws, and Sattler, StudenJbs. Prof. KanMnerman, Counselor, 

, gave a short'talk. October 24. Attendance 26. 

Talk hy M. E. Murphy of-.the Western Electric Co. on the 
develop^ient bf talking pictures and the installation of 

• • Vitaphone equipment in the theatres in England. Novem¬ 

ber 7. Attendance 57. . 

• •. 

University of Southern tlialifornla 

Summer exyerienoes related by Messrs, J. McCarter, L. Slezak, 

• O. Robertson, and John Wardell, Students. October 2. 

,^ttendance 32. • • 

William Hoag,^Genefal, Electric Co., related exp#riences as a 
student engineer while at East Pittsburgh. October 9. 
Attendance 36. »• 

Past experiences related by Ivan Summers, Gen&al Eleotric Co. 
October 23. Attendanoe 39. 

^Blecirical Thera^, by Sidney Rosen, Student; and Telephoto, 
by Edward McCarter, Student. October 30. Attendance 32. 

My Experiences with the WesiiTigliouse Co., by Gilbert Dunstan, 
faculty member. November 6. Attendance 30. 

^ . * 
Stanford University 

Election of Douglas H. Ring as Branch Chairman. October 7. 
Attendance 9. * 

Chairman Ring spoke on the Institute’s attitude toward the 
Student. Prof. Morgan, Counselor, outlined some of the 
papers given at the Conference on Student Activities at the 
Santa Monica convention. Dr. Ryan gave a short history 
of the Institute. October 24. Attendance 32. 

Film depicting. th3 work by student engineers of the Test Course 
at the General Elec. Co. October 30. Attendanee^28. 

Syracuse Uhiversfty 

Neon Tubes, Their Construction and Their Applications, by 
Alfred E. Davies, Student. November 12. Attendance 9. 

University gf Te^j^essee • 

'Film—*‘The Single Ridge.” October 23. Attendance 20. 

Talk by J. M..Brooks’oh electrical devices used on automobiles 
and airplanes. A. M. Howery discussed the functions of a 
broadcasting station. November 6. Attendance 18, 

Texas A. Si M« Golleda 

Effects ofLodding on the Speed of Transmission of Deep Sea Cables, 
by D. P. Tunstall, Student.^ F^liq—“Speeding up our Deep 
SeaCaoJes.” Novembers.. tendance87. 

University of Texas 

• 

Two films—“Back of ih^Button” and “The Development of the 
Telephone".”" The purpo.se of Student enrolment discussed. 
October 10. Attemlance 33. 

n * University of Utah 

• n , 

Frank Young, Jr., Student, read manuscript on Edison’s life. 

’ Alvin Fagergrcn, Student, spoke on Edison’s October 
22. Attendance .TO. • 

Joint meeting with A. S. M. E. Branch. Ffltti showing the 
building of the longest tunn^ in Aiaerica presented. 
November 6. Attendance 42. 


Universify of Washington 

The Outlook for the Electrical'Endneering Student, by Dr. C. E. 
‘Magnussoh.. * October 11. Attendance 28. 

E.’D. Engle, Student, presented a report on the 1929 Pacific 
Coast' Conyention of the A..I. E. E. October 18. Atten¬ 
dance 21. . • 

Telelvision, by J. M. Wallace, Stifdent. J. M. Wallace elected 
Junior Representative t6 the Engineering Council. Odtober 

25. Attendance 19. 

• 

Mr. Jenner, graduate student, related e^eriences while associ¬ 
ated with the Goodrich Rubber Co. Branch activities . 
discussed; November 1. Attendance 18. ^ 

Washington University * 

Plans for future meetings discussed. October 10. Attendance 18. 

Talk by R. W. Brewster, Student, on summer experiences, 
Joyce Pittsbury elected Vice-Chairman, e October 31. 
Attendance 20. 

West Virginia University 

Thjrfollowing papers were presented by Students: Electrical 
Status of Power Generation, by C. E. Moyers, Chairman; 
Small Loads can he Economically Connected to High-Tension 
Lines, by W. H. Sutton; Burned Out Incandescent Lamps, 
by P. J. Johnson; First Aid^in Transformation Continuation 
of Large Transformers, by E. D. Harris; Ammeter for Mea¬ 
suring Motor Starting Currents, by^ C, A. Bowers; * The 
DuPont Company, and Their Methods of Handling Heavy 
Currents, by v. O. Whitman. October 14. Attendance 

The following papers were presented by Students: Future Street 
Car Control, by R. C. Warder; Accurate Load Forecasting^, 
by R. H. Pell; Measuring of Pulsating Currents, by B. 
Milam; Edison's Life, by F. B. Watson; Welding with 
Atomic-Hydrogen Flame, by J. E. Neucomer; Advantages ojf 
Electric Shovel Over Steam Shovel, by A. H. Goddin; Million 
Volt Light Producer, by C. F. Stewart; Light Weight Railway 
Cars can he Obtained from Aluminum Alloys, by M. Suppa. 
October 21. Attendance 41. 

The following papers were presented by Students? 

Guggenheim Graduate School of Aeronautics, by S. B. Wplfe; 
Lighting SL Louis, by H. W. Unger; Electric Transmission 
versus Coal Transportation, by H. 0. Webb; Toll Lines, 
by C. B. Moyers L Theory of Bovftng^in Telephone Cables, by 
G. H. HoUis; Methods of Splicing Large Cables, by C. J. 
O’Leary; Detroil-Canada Vehicular Tunnel, by P. *B. 
Houck; The Gas-Electric Bus, by G. S. G^ett. October 28. 
Attendance 41. • 

, • • 

The following papers were presented by Students: Welding of 
Ferrous and Non-Ferrous^ Metals by the Atomic-Hydrogen"* 
Flame, by P..J. Johnson; Telei^one Circuits for Program 
Transmission, oy J. S. Merritt; Electrifying 8000 Farms, by 
E. D. Harris; Powdered Coal Plant, by A. H. -Huggins; The 
Fundamental Requirements of the Modem Railway Catr, by (J. 
W, Pride; Experimentations on Seadromes, ^ M. Hooker; 
Requirements of Electrical Insulation, by A. Dikea. Novem¬ 
ber 4. Attendance 46. 

The following papers were presented by Students: Part of 
Electricity in the Manufacture of Cement, by A. F. Fervier; 
Beaulation of a S0,000-Kv-a., lS,000-VoU Line, by R. H. 
Pell; Folting^ Torsion Meter, by E. Milam; Hydrogen a 
Successor to Air, by G. A. Stemple; Effects of Corona in 
Dijfevent GasSes on Insulation, by G. A. Bowers; Lighting of 
Airways and Airports for Night Flyino and Requisites, ^ 
V. 0. Whitman; Development of Insulating OtiL hy J. B, 
Neucomer; Ammeters for Starting Motors, by A. S. Goddin. 

• November 11. Attendance 45. 

Uhlvcrslty of Vermont . Untverslty of Wisconsbi 

ij XT. AM Professor Jansky, Counselor, spoke on Branch activities. Two# 

Eduction for Enjfineers, Apni films—‘Anaoonda Copper” and “Building New York’s 


Viri^inia Military Institute 


oalton for JUnjnneers, laKen irom^une Apni ana Depuemper —‘Anaconda Copper” and “Building b 

W8UOS of thf A.I.E.E. JOOBNAL, presented by P. E. Newest Subway.” October 10. Attendance 66. 

Beekley,Btudent. October 1. Attendance 14. 

^ Yale University 

held to celebrate Light’s Golden Jubliee. ^- ^ 

on “The Development of tlw Electric Light,” by F. H, 
Eastman, Chairman. •RefreshmSats provided. October 21. 
ndaoee40. •• • * 


V. 1 X- . XI. -vT c XI.» Meeting held to celebrate Light’s Golden Jubliee., lllus%ated 
Film— Hydroelectric Power Production in the New South, e # ^ -tn s -x jixi.. «i— t;? tt 

November fk Attendance 95. * * ® • 

Film—“Arteries of Indusj^ry.” November 12.* Attendance 40.*^ 
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Journal A. I. B. E. 


. . • ^ 

En^neering Societies,Library 


l^e Library is a cooperative activity\of the American Institute of Electrical Engir^erSt the American Society of 
(^vil Engineers, the American Institute of Mining and Metallurgical Engineers and ^e American Society of Mechanr 
xcal Engineers, It is administered for these Founder Societies by the United Engineering Societyt as a public r^erence 
library of engineering and the allied sciences. It contains 160,000 volumes and parl^hlets and receives currently 
most of the important periodicals jin f iff field. It is housed in the Engineering SocieHes Building, 29 Wesf Thirty- 
ninth SL, New York, ^^ 

In order to place the resources of the Library at the disposal of those unable to visit it in person, the Library is 
prepared to furnish lists of references to engineering subjects, copies or translaiions of articles, and similar assistance. 
Charges sufficient to cover the cost of this work are made, * 

The Library maintains a collection of modern technical books which nsay be rented by members residing in North 
America, A rental of five cents a day, plus transportation, is charged. ^ . 

The Director of the Library will gladly give information concerning charges for the various kinds'eof service to 
those interested. In asking for information, letters should be made as aefinitS as possible, so that the investigator may 
underiiand dearly what is desired. ^ 

The literary is open from 9 a. m. to 10 p, m. on all week days except holidays throughout the year except during 
July and Augijft when the hours are 9 a. m, to 6 p, m. 


BOOK NOTICES, OCTOBER 1-31, 1929 

Unless otherwise specified, books in this list have been pre- , 
sented by the publishers. The Societies do not assume responsi¬ 
bility for any statement made; these are taken from the preface 
or the text of tlft book. * • 

All bocfics listed may*be consulted in the Engineering Societies 
Library. 

Ad^^ancbd Laboratoby Practice in Electricity and 
Magnetism. 

•By Earle Melvin Terry. 2d edition. N. Y., McGraw-Hill 
Book Co., 1929. 318 pp., illus., diagrs., tables, 9x6 in., cloth. 
$3.00. 

A course of experiments given to third-year students of elec¬ 
trical engineering at the University of Wisconsin, which includes, 
in addition* to the usual work in electrical measurements.the 
discharge of electricity through gases, radio activity and 
thermi^mcs. 

Die •’Akkumulatohen. 

By W. Bermbach. 4th edition. Berlin, Julius Springer, 
1929. 214 pp., illus., 9«6rin., paper. 8,50 r.m. 

Professor Bermbach has thoroughly revised his book by in¬ 
corporating the developments of the past ten years in storage 
battery practise, especially concerning rectifiers and the uses 
of accumulators. The book gives*^n excellent survey of theory 
and practise, comprehensive enough foj; ordinary needs, but 
^not too detailed. , 

Applied Inorganic Analysis. • 

By W. F. Hillebrand and G. E. F. Lundell. N. Y., John 
■V^iley & Sons, 1929. 929 pp., tables, 9x6 in., cloth. S8.50. 

This nrw work will be welcomed by every analytical chemist. 
Starting with an instructive discussion of apparatus, reagents 
and operations, the book then takes up the determination of the 
elements, the analysis of. silicate ana carbonate rocks and of 
soda-lime glass and high-alumina refractories. Emphasis is 
placed upon the preparation of the solution for the required 
determination. 

The book is based upon the broad experience of its authors at 
the Bureau of Standards, and includes the substance of Dr. 
Hillebrand’s well-toown Bulletin on rock analysis. 

Begunnings op Telephony. 

By Frederick Leland Rhodes. N. Y., Harper & Bros., 1929.» 
261 pp., illus., port., 10 x 6 in., cloth. S4.00. 

Bell’s invention, the attacks on his patents, and the beginnings 
of the microphone transmitter, the overhead-wire p£nt, the * 
^telephone cable, loaded lines, the switchboard, the phantom 
circuit and long-distance lines are some of the topics that Mr. 
Rhodes discusses. His purpose is to give workers in telephony 
familiarity with the problems of pioneers in t^e field, to show how 
these were solved and to indicate the contributions of the various 
workers. His account of the litigation, that arose over Bell’s 
patents is especially good. ^ 

BlTOPBINT *feBADING. / • 

Joseph tfrahdy. 1^. Y., McGraw-Hill Book Co.^ 1929. 
199 pp., illus., diagrs., tables, 8 x 6 in., cloth. $2.00: 


A course in the reading of working drawings, intended for 
those engaged in manufacturing industries and for students in 
’ trade schools. r ^ 

Direct Currents. 

By Carl Edward Magnussop. N. Y., McGraw-Hill Book Co., 

1929. 495 pp., illus., diagrs., 9x6 in., cloth.. $4.50. 

A presentation in logical order of the basic principles of the 
eleotnc circuit aud of the characteristics of d-c. machines, 
apparatus, and distribution systems. Forms the first of a series 
of texts covering the fundamental laws of electrical phenomena 
as applied to engineering problems, the other volumes of which 
are ^‘Altemating Currents” and “Electric Tfbnsients’’ by the 
same author. 

Directory; Forging, Stamping and Heat Treating Plants, 
1928-29. 

Pittsburgh, Steel Publications, Inc. 1929. 29^pp., 8x6 in., 
fabrikoid. $7.50. 

This directory gives the officers, equipment, products and 
railroad connections of 4^6 various companies, as well as a 
geographic index to them. Us.ers of forgings and stampings, as. 
well as dealers in plant supplies and jnaejmery, will find-jthis a 
useful guide. 

Electric Street Lighting. 

By Charles J. Stahl. N. Y., John Wiley Sons, 1929. 228 
pp., illus., diagrs., 9x6 in., cloth. $3.50. ^ ^ 

Readers wishing a broad working knowledge of modern prac¬ 
tise in the design of instaHatioos for'^l^hling streets, will find 
here a statement of the mfislT^sential imormation, Ifased^n the . 
author’s experience. Moderii;r6q;uirements and current methods ^ 
of design, the selection and use of suitable equipment are dis¬ 
cussed conoisely^d practically. 

Electromagnetic Problems in ELBrys-icAL ^Engineering. 

By B. Hague. Lond. & N. Y., Oxford University Press, 1929. 

359 pp., diagrs., 10 x 6 in., cloth. $10.50. 

Rec&it interest in the real physical nature of the internal 
reactions that occur within electrical machinery have prompted 
attempts to develop the theory of dynamo-electric machinery 
as a branoii^f electromagnetic theory. The present book is a 
contribution 10 tliis study. ^ 

Part one lay^down the gendbal theory of electromagnetism in " 
a form suited to the requfcements of engineers and occupies a 
middle ground bfitween ordinary text-books of electricity and 
magnetism, and those on the design and operations of electrical 
machinery in which the en^eering aspi^ct is insi^ed upon. 

In part two, the principles laid dCwn in part one are applied to 
the solution of a number of important electrotechnical problems, 
including the magnetic field and mechanical fo^es in non-salient 
polqmachinery; the field within slots and between salient poles; 
the leakage field in traSnsformer^; the magnetic field’ of thick 
conductors with various forms of section; and the forces acting 
upon switcl^Cpr. • 

^Electron Physics. 

Py f. Bart8n Hoag. N. Y., D. Van Nosirand Co., 1929. 208 
Spp., diagrs., tables, 9 X 6 in., cloth. $3.00.*^ ^ 

Intended to initiate students of physios to sucli ofucepts as 


9 ^ • 


■ K 


• ^ 


r 


r- 


0 ^ 





Deo. 19^ 


INSTITUTE AND IJELATED ACTIVITIES 


.atpedniOTta. -Ponows^ EnaiNBe. .' ^ 

through, gases given at the University of Chicago. Major Victor W. Pag6. N. Y., Norman W. Henley Publ. 

Enqii^bbring Mechanics,** . CJo., 1929. "S v., illus., diagrs., tables, 9x6 in., cloth. $9.00.2 v. 

*By William Brooke and Hugh B. Wilcox. Bost., Ginn <& Co., . PagS has brought togetj^er a vast amount of practical 

1929. (Ungineering Series).- 320*pp., 9x6 in., cloth. $3.20. ^ two.volumes, which are intended,chiefly . 

intended for stu- engines. The woyk includes detailed descriptions of practically 
Coders the oaleulus. ev^ engine of any Liportanoe, -with insti-uotions for their care 

. ^ tiynamies. Many problems are and repair, and also explains the theoretical principles involved 

* ^ * lu internal •combustion engines. Good diagrams and illustrar’ 

hORTY Years WITH.GENERAii Electric. • tions are used profusely. A valuable reference bbok for practical 

By John T. Broderick. ‘Albany, N. Y., Porti^Orange Press, ^6^- ’• 

1929. 218 pp*., ports.,’8 x 5 in., cloth. $2.50. Engine Power Plant Handbook. 1929. 

Mr. Broderick’s little book deals with the growth^f the com- edition. N. Y., National Trade Journals, Inc., 1929. 

pany, with some of the men who made it, ftnd with various 288 pp,, illus., 11 x 8 in., cloth. $5.00. 

^agement He prints the A collection of practical articles on the op8ration of Diese^ ' 

* moMe^t A^d dJSfinfluences that have engines; on air filtration, oil purification, oogling towers and other ^ 

molded it,^d directed Its growth! . plant accessories; and on the uses ^id economics of Diesel 

Heaviside b Operational Calculus as Applied to Engineer- engines. Contains also brief descriptions and illustrations of 

ING and Physics. th^engines actively sold in America. “ 

By Ernst Julius Berg. N. Y., McGraw-Hill Book Co., 1929^ Popular Research Narratives, v. 3. 

(Ifclectrioal Engineering Texts). 214 pp., diagrs., 8x5 in., cloth. Collected by the Engirfceriug Foundation. Baltimore, Wil- 
$3.00. liams & Wilkins Co., 1929. 174 pp., ports., 8x5 m., cloth. 

Professor Berg’s book, much of which has appeared in the . • # 

General Electric Review, is based upon an extensive experience Fifty brief stories of what scientific r^earch has accomplished 
in demonstrating Heaviside’s methods to students of electrical ^r is accomplishing, covering a wide variety of topics.’ Each 
engineering. It provides a cle^ account of his calculus and a storyteller is intimately associated with the work that he de- 
demonstration of Its application to the study of ^ansient scribes, and tells his story simply and interestingly. ^ 

p enomena. Das Rbchnbn Mit Symmetrischbn Komponenten. 

Industrial Ac^unting; Control of Industry through Costs. By Gfinther Oberdorfer. Lpz. u. Ber., B. G. Teubner, 19S9. 
ino^ ^nry Sanders. N. Y., McGraw-Hill Book Co., 74 pp., diagrs., 8x5 in., paper. Price not given. 

Sx6 in., cloth. $4.00. • A textbook upon the application of this method of calculation 

The innovations in Professor Sanders* discussion of accounting the problems of electrical engineering. Starting with ele- 
are the extensive use of case material and the concentration of menta^ principles, the method is developed and its application 
attention upon the objectives of cost accounting rather than to various problems illustrated, with the object of making the 
upon the me<>hames of cost gathering. The book seeks to con- method more widely known among engineers. 

tendency to curtail the volume of the routine Technoloqischbs Handbuch dbr Elektrotbchnik^O^d Dbr 
gathering of figures and, while mamtaimng the, current flow of 

essential control figures, to hive tha cost department free to Aie a a -dt mi.-i.TTT 

. investigate any matters of special interest at any time, Alfred Schlomann. Berlm, Teehnische Worterbuoher- 

Intinjduction to Peybical Optics. Verlag, and V. D. I, Verlag, 1929. * 1491 pp., illus., 10 x 7 in.. 

By John Kellock Robertson. N. Y., D. Van Nostrand Co., ®loth. 41 .-r. m. , 

1929. . (University Physics Series). 422 pp., plates diagrs. ^ concise encyclopedia of electrical engineering which gives 
tables 9 X 6 in. (fioth $4 00 * '* a remarkable amount of definite, accurate information in a 

A • * + * ' 1 * . . j , . volume of jnoderate size. By the use of black-face type for 

-x? ®®^P™®^sive introduction to the subject important terms, of numerous sketches, and an unusual type- 
advmced, but will lay a graphical arrangement, rapid use has been greatly facilitated, and 
thorough foundation for subpeqi^ent work. Starting with a an elaborate inde« has been provided also. The book is uniform 

moAi(mand its light ramifications, with the author’s well-known six-language dictionary and con- 
the ^thor-mter introduces the^cjhantum theory and, finally, stitutes a sort of developed commentary to that-work. 

woS^in oS. Theoky and Design of Edectbic Marines. * - 

Loki; The Life of'Gh^les Proteus Steinmbm. , N- Y.. Isaac Pitman & gons, 1929.* 349 pp., 

By Joiiathan''Nortoii Leonard. 291 pp., illus., ports., 8x6 •^sgrs., tables, 9x6 m., oloth. $9.00. 

in. oloth $2 75 possible types of dynamo-electric machines, says the 

'a .,*..* * , . . .. author, are announced almost every month, and it is evident 

An intere^mg popular account of Stemmetz s life ^dfiis eon- that the possibilities are endless. To assist development he has 
nection with the Central Electric Company, m which his per- undertaken this general survey of theoretical possibilities, in 
sonahty, rather than his scientific achievements, is emphasized, which they are-classified scientifically and lines along which 
M'achine Design. ^ development oflars promise are indicated. 

By P, H. Hyland and J. B. Upmmdts. N. Y., McGraw-Hill Starting with the theory of the general machine, one limitation 
Book CJo 1Q9Q AAA m iiina riiom-e Q ^ A ,*« anothor IS mtToduced and explained critically.. Machines 

oo., 19^9. 448 pp., Illus., di«®r8., tables* 9 x 6 in., cloth, are thus classified into six groups, containing aU possible types. 

^^•^* * . • Attention is then concentrated on cascade sets, multiple polanty 

Covers the course given by the authors at the University of machines and variable polity apparatus, the three groups of 
Wisconsii»>. While no claim is made for originality of subject which, in the author’s opinion, we know least at present. • 

matter, the arrangement, treatment and choice of matter are * The final section gives general methodi of desigiiing which 
new in certain respects. The fundamental principles are pre- eliminate guesswork and estimating, and make possiblea critical* 
sented with an afjialysis of only a fe^ applications. Kinematics oomparison*of the possibilities of different types in advance of 
is incorporated as am integral part of machine design, a plap^that experiment. 

obviates, in the opinion of the authors^ any need for a separate WXrmbwirtschaij Im Eisbnbahnwbsbn. 

^ o A A ’ • * By Fr. Landsberg. Dresden u. Lpz., Theodor Steinkpoff, 

Manuel Pra^tique de SouDURfi Autogenb. • 1929 . (Warmelehre uad Warmewirtschaft.v. 7) 207 pp., 

2d edition. Paris* iUus., diagrs., tables, 9 x 6 in., papex 13.-r.m. .* 

^d, 1929. <410 pp., illus., 9 x 6 ul, papef. aS,70 fr. . An application of the gdieral prin^les of fuel eoonomyUo the 

ims nan^ook of welding practise has been v6ry popular for. specific problems of rfellrbad operations. Covers all the various 
years m ^rmce and has ^Iso appeared in an English tra^^slation. uses of fuel in train operation, ii shgp% and in stations. The 
Apparatus for autogenous welding, methods, and their applica^ . ‘organization of the fuel department, is considered, as well as 
tion to steel, iron, copper, brass, lead, aluminum, etc., are teghnioal methods of economy. 


349 pp., 
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Engineering Societies Employment Service 
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iinjMiiiinimiiiiiiiiiMiiiiiiiiiiHiiiiiiiHiiiiiiiiiiniiiiHiiNiiiiiKiniKHiiiinHHHC 


Onderioinl manaaemmt of.the national societies of Cimi, M%nwg, Mechoaual and ElMbncal Eniitne^s eoo^air 
ifio Witt the^Mte^odety of Engineers. The service is available only to the%r me^ershxv, and m mat^ttfed as a 
CM'^ative 5 w«a«Ty the sodeliea and tteir indiMwd members who <re directly benefited. . . 

OMeet:—Sl West 89th 8t, New Yorki N. Y.,—W V. Bro^, Manner. _ _ « 

ujiuses. asw j^acker Drive, Chicago, III, A. K. Krauser, Manager. 

B7 PostSL San Franeiseo, Qdlif., N. D. Cook, Manager. . j • . 

MSN A VAIL ABLE.—Brid announcements wiW be published without charge but will not be repeafed eacept upon 
reoueils received after an interval of one month. Names and records wiU remain in the active^ of the bureau /or a 
p^d ef three months and are renewable upon reauesi. Notices for thU Dewrtment should &e to 

EMPLOYMENT SERVICE, 31 WEST 39th Street, New York City,nnd should be received prior to Me ISth.day of 

of ^ Bulletin of engineering positions available is published weekly and Moavailable to 

members of the Societies concerned at a subsenption of tS per guarterf or $10 ''per annum, payable in a^anee. Posi¬ 
tions ifotffled promptly as a result of publication in the Bulletin may be announced hwein, as fopnwly. 

voluntary contributions.—M embers obtaining positions through the medium of this service are 
invited to Sooperoto with the Societies in the financing of the work by contributions mode wittin thirty days after 


by the four societies named above will it is hoped, be &iTStGtmtnoi oruy u> maintain, out to increase ana exiena w s&nnce. 

REPLIES TO ANNOUNCEMENTS.—Replies to announcements published herein or in the Bulletin, shouta 
^be addressed to the key tmmfer indicated in each case, with a two cent stamp attached for reforwardi^, and forwarded 
to the Employment Service as above. Replies received by the bureau after the positions to which they refer have been 
filled vfill not be forwaried. • , ^ 


• POSITIONS OPEN 

GRADUATE ELECTRICAL ENGINEER for 
puDSlcity work. An attractive and permanent 
position immediately available. Give full out¬ 
line of education, experience, and approximate 
e^ectations. Location, East. W-13. 

ENGINEER, for Utilities Commission; must be 
college graduate in electrical or mechanical engi¬ 
neer with experience In utility operation or evalua¬ 
tion. Salary S3600-$4000 a year. Apply by 
letter. Location. South. ^-14. 

BLBOTRIOAL ENGINEER, thoroughly 
famiUa^weth the requirements of the paper mill 
Industry. Must be capable of designing, layout, 
insta^ation and supervision of entire electrical 
system, wiring, apparatus, and equipment, all 
appertaining to construction •and operation of 
modem paper mills. Apply by letter giving fud 
and complete information such as age, technical 
training, previous experience, present salaa'y, 
references, etc., location, South. X-96^-CS. 

ELECTRICAL ENGINEER, college graduate, 
^28-38, with practical experieuce in electrical 
'generation construction, transmission, <bnd main¬ 
tenance, for industrial concern. Apply by letter 
giving complete details. Location, Pennsylvania. 
X-9789. 

..ELECTRICAL ENGINEER with several 
years* exp^iiience in design of d-c. maclilnes, for 
manufacturer of electrical machinery. Apply by 
letter stating age,, education, experience, refer¬ 
ences, and salary expected.« Location, Middle 
West. X-9812-C. 

TRANSFORMER ENGINEER, experienced 
in the design of powei* transformers. Apply by 
letter giving age, married or single, experience, 
salary expected and when available. Location, 
New Jersey. X-9788.. 

DESIGNERS, ^ectrical engineers with 
though t^hnlcal education, and at least four 
years* commercial experience in synchronous- 
motor design and application engineering. Per¬ 
manent employment with chance for advancement 
according ^o abiUty. .ftply by letter. Location, 
Middle West. X-9911-0. 

GRADUATE ELECTRICAL ENGINEER, 
with one or two years’ experience in engineering 
and manufacturing practise with manufacturer of 
synchronous motors and their control and capadr 
tors. Apply by letter. Location, Middle West! 
X-9^l2-0. * • 

GRADUATE ELECTRIC^ ENGINEERS 
for <tedgn and te^ work on aJeessodes foitoder- 
groi^ power cables having wlJe range of volthges; 
One'ito five years* experlejjic^ nolf necessarily on 
. cable work. Apply by letter. Location. Middle 
West. X-9960-O. 


CABLE ENGINEERS for large public utility. 
Work is in tests, research speddeations, and 
allied problems on underground power cables. 
Few years engineering experience, but cable 
experience not required. Apply by letter. Loca¬ 
tion. Middle West. X-9959-G. 

ELECTRICAL ENGINEER, graduate, young, 
to enter sales department in conne^on with sale 
of miscellaneous heavy duty types of storage 
batteries; for instance, oil switch, emergency 
lighting and motive power installations. Oppor¬ 
tunity. Apply by letter. Location, Maryland. 
X-7770. 

ENGINEER, young, speaking at least one 
foreign language, for installation and maintenance 
of electro-medical apparatus. After approxi¬ 
mately 18 months satisfactory work in the United. 
States, may be sent abroad on sales and engineer 
ing assignments. Apply by letter giving com¬ 
plete details, references, etc. Headquarters, 
Chicago. X-7388-C. 

RECB;NT GRADUATE, electrical engineer 
willing to locate in eastern territory near Philadel¬ 
phia and to enter traveling sales work, handling 
a«c. motors and fans. Must have clean cut 
personality. Apply by letter. Headquarters, 
Middle West. X-3172-0. 

ENGINEER, with telegraph and telephone 
experience. Must bo qualifled to handle #ngi- 
neerlng problems in telephone transmission, in¬ 
ductive interference, and telegraph and telephone 
installations. Apply by letter. Salary $260 a 
month. X-9973. 

% 

MEN AVAILABLE 

ELECTRICAL ENGINEER, 37, married, 
graduated from Germany. Six years’ ^gh-volt- 
ahe sub power station, transmission lin? layout, 
design, material, with hydroelectric power plants 
in Europe. Six years of public utility, drafting, 
design, construcUon oJ^sub and power statit^s 
in New York City. Available at short notice. 
0-2408 

BLEOTRICAL ENGINEER, wide experience 
in construction, operation,,maintenance, generat¬ 
ing, tra^misslon at lOO.OQO volts, underground 
transmission, 6600 and 22,000 volts, outdoor and 
indoor substations, mill Instaftations. Has had 
tales and managing experience is Latin America 
and India. Speaks English, Spanish,*German, 
French and Hindustani. Location, Immaterial. 
Now employed. C«i222.e ^ 

BLEOTRIOAIi BNGINKBB* age 29, rfve 
years’ varied experiened^. test floor, application, 
design, constfhetion and maiutenance. Now 
in charge of electrical, department for minin g 
company. Desires position as assistant plant 


engineer or assistant electrical engineer with large 
industrial plant. Good personality and very well 
recommended. B-9001. . 

ELECTRICAL ENGINEER, having 10 years’ 
practical experience in transmlsslDn distribution 
and testing, is desirous of a connection with 
progressive concern. Speak^ French,, German, 
and Russian. Location, Europe. B-7412. 

HYDROELEOTRICAL ENGINEERING 
GICADUATE of Washington State. (1928,) single, 
26, eight months* experience in Installation of 
switch-yard control apparatus ^nd dlstributioii. 
also previous construction exp^ence. Desires 
work applying electrical engineering. Principals, 
anyvdjere. ^6586. 

GRADUATE ELECTRICAL, ENGINEER, ^ 
EXECUTIVE, now employed, 33, married, 10 ’ 
years' experience, desigft supervision of coisatruc- 
tion, generating and railway convei-ter substations. 
Invites ^rrespondence frCm public utilities where 
opfJortunity foradvancementp Member N. E. L. A. 
B.6600. r * 

ELECTRICAL ENGINEER, 38, coHege 
graduate, 12 years’ experience in power-plant and 
subst^tiqn d€hign, con(|truction, and maintenance, 
three yearr with cGnsulting enginee^ specializing^ 
in public /i^Ries problems; deslnes to connect 
with public utility company as assistant to mana¬ 
ger or opei'ating engineer. Location immaterial. 
Now employed. Ofjporjiunities for advancement 
of primary importance. 0-3425." 

ENGINEER EXECUTIVE, experienced in 
industrial relations and mthiagerial problems. 
Diversified training includes design, production, 
economic studies, statistical analysis and per¬ 
sonnel. Post graduate work in business adminis¬ 
tration. Permanent connection with industrial 
coneem or consulting engineer desired. Available 
on month’luotlce. 0-6609. 

ELECTRICAL ENGINEER, 23, single, 1927 
graduate, varied experience in test department of 
large power and light company and in engineering 
department of small filectrlcal m^ufacturing 
concern, desii^ position in engineering depart- 
ment of public utility. Now employed. Loca¬ 
tion preferred. East. C-6583^ 

SUPERVISING AND ESTIMATING 
ENGINEER,^6 years’ experience in commercial 
and indtistrial power installations. Has had 
wide experieuce in ail classes of buildings con¬ 
struction work, from both a practical and theoreti¬ 
cal standpoint including underground and sub¬ 
station installations. €apalfle executive and 
engineer. Location, l^ew York if posrible. 
G-1140. ^ ^ 

BLBOTBIOAIi BNGINBBB, B. S? and U. S. 
in electrical engineering, M. I. T General Eleo 
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pubUc utmty. or Arm of consvlttag engineers , considered mMt <* jlevelopjnent of d-o. motors and generators of 

, Av^ble about-Jannary IB.’^LoTcatlTZ/tof ^erle”^ S^' Now employed by electrical 

material. 0-27.53. • .-broad . P <loslgn englndbr. Desires 

ELECTRIOAt* ENGINEER, able on short notice CW 528 *” AvaU- similar position with compiuiy offering oppor- 

,32,10 yearn: e;cperience, expert light, heat, power, TECHNICAL GRADTrATir !”*■ 1" dedgn and inanufac- 

pians spedflcatlons, engineering, correspondence electric^ ® ^ “ •^e'38j,co»eBegi-aduate,*majTied. B.3162. 

for theaters, hotW skysc-aiSr-offlZi^a^ on SiT’eSc^ Zrmt“"n Tr ’ /^f^TRldkL ENGINEER, 29,«1023>-adu- 

ments, public building, etc. Thorough experi- addi-Ssystem Imtel ® »»«,married 114yearsWestlnghousetost, IM years • 

ence with architecte, conti^tom, and4onZtag SghtTy^te^ ^ over-head distribution design, 3 K years transmis- 

engineers. Desires connection anywhere as selling hniiHAre nnH experience slon line and substation extension planning. 

. d^gnliffe or estimating engineer. Capable, neat, economics and finance estimating, calculating, budget, tax, ahd 

thorough, conscientious, possesses personality' exnerienefi and general public utility engineering office work:* 

. Initiative, a sense of values. B- 4217 , ' 0-6613 ve ability can be ntilized. fibres position of responsibilit j^in distribution or 

engineer,^ 31, angle, with exceptional ELaOTRIOAL ENrrNrirww ob .... transmission engineering Ifw East or South. 

Research electrical engineer, 

^ Individual development allowing advancement to One year cable manufacturinir^dAsiirir^^^^^^^*^* Qxpei^nce in design of automfi^lc-control appara-e 
executive position of primary importance! 0-6493 tlon LnyYintin^ ^ ^ des^, construe- tus, X-ray equipment, photoelectric measuring • 
SJLEOTRiCALENGINBER 28^gle B s’ developS^onn^^^^^ apparatus. Capable of original and indepZ^B^t 

S£;'L1=,^~ _ 

MEMBERSHIP—A pplications, Elections, Transfers; Etc. 

November 13 19‘>9 mcommAndArt ^ Applications have been received by the Sec- neapolis, Minn. 

To Grade of Fellow . ^ n direct admission to a grade higher than Asso- Cohn, A. G., Kansas Oity Power & Light Co. 

ALGER, PHILIP L,. Assistant to the Vice- ioMo^s immediately after the Kansas City. AIo. 

Presidentin Charge of Design Engg, General. f member objecting to the election Culver, D. N.. BcU Telephone Co. of Canada 

Electric Company, Schenectady NY « candidates should so Inform the Montreal, Qu©., Can. 

^ ‘ SocretaiT before December 31,1929. I>axisboe. H. H.. Atlantic Oil Producing Oo . 

To Grade of Member Amitay, A.. New Jersey Power Co., Asbury Park, Dallas, Tex. ^ ® 

ACHARD, FRANCIS H., Instruci!f>r in Charge, Carvajal, C. A. R., 229 East 26th St •New 

' Educatltmdl Bureau. Brooklyn Edison Co., Babcock, C. W.. General Electric Co., Schenec- York.N. Y. 

Rwjoklyn, N. Y. ^eti-oijplitaii Edison Co., Easton, 

BEILER. ALBERT H.. Electrical Engineer Elevator Co.. New York, N. Y. Pa. 

American Gas & Etec. Co., New York, N. v! qo Bost England Power Construction De Lean, L. H., Brooklyn Edison Go., Brooldyn, 

' Milwaukee. «eoe™' Electric Oo.. Schenectady, 

OA*s?m'’SS8”.?;,msmImiqn Engineer. -M«^Pl®wood Button, i a. & U^HtOo... ! 

Columbia Engg. & Mgt.,Oorp“ Otaokmatl, Bartb. O- A.. (Member), So. Bell Tel. & Tel. Oe.; Eddlestone. J. E., N. Y. & Queens Elec. Lt,’ & Pr 
^'2 m'm* T» ^^lanta, Ga. Co., Flushing, (L. I.), N. Y. 

DRBSSNER. VICTOR D., Engineer in Trans- barton, J. P., Westinghouse Elec. & Mfg. Co.. Ehst, M. R., W. S. Barstow Sc Oo. Inc. Reading 
mission Sc Distribution *Dept„ New York Ofiicopee Falls, Mass. Pa. ' \ . 

Edison Co., Now York, N. Y. D. B., Metropolitan Edison Oo., Reading, E*ge. E. A., General Electric Oo., PlttsSeld, Ma4* 

DtrBOIS, WARJSiSN L.,‘^\lectrical Designer ti a it-- A. B., Wagner Electric dorp., DallM, Tex. 

Depart ment of Oily Transit, Philadelohla ^ i * Ellzabethport, N. J. (Applicant for re-election. 1 

Pa. ■ • . ’ Beerman, M. R., Alabama Power Co., Birmlng- Bxner, D. W., Westglnhouse Elec. Sc Mfg. Ob., 

BelloCk P.rNew York Edison Co., New York. - '’ 

rr^-ZTn'' ''' Berry. P. M.. W. N. Mattlmws Oorp., St. Lotos, ^ 

HARRISON, WILLIAl^ H.. Plant Engineer, , Preundt, G. L., AmBHcan Oan Oo. Maywood HI 

American T ol. & Tel. Co., Now Ycyk, N. t'. Black, R. R., General Electric Co., Port Wayne, Erey, R. O., Padfle Telephone & TelMraph bo. 
HOLLISTER, FRANCIS H., EloctricaJ Engi- SajiPtancisco, Cal. * ' ' 

neer. Sargent & Lundy, Chicago, IlUnqJs. Bjjmdstoottner, W. H., American Tel. & Tel. Co., Gear, R. B., Commonwealth Edison Co Chicago 

IRVINE, C. NES, Bloctrical Engineer Giatav T. • 

Hlrscli^^rganization^, Columbus, Ohio. ^ ^ Oleveland, Geiser, W. D„ Philadelphia Electric Co., Philar 

^®N^\i!ri[ Telenho^l oo’Y^^^ Brundrott. G; T.. HubMird & Oo., Dallas. Tex. Geoi^l^K Detroit Eefeon Oo., Detroit. MlcU. " 

™ ^ ^ Caporale, P., Radio-Victor Oorp. of America, Gloeller, O. P., General Electric Oo L™ Mass • 

MITCHELL, OSB^IRNE S., Editor, litectrical Philadelphia. Pa. ' • Gough, J, H.. Westinghouse Eloc. &^fg Oo * 

News and Engineerinff, Toronto. Qnt., ^lapron, R. B., U^ca Gas & Electric Co., Utica, Chicopee Palls, Mass, 

' . • . Qrabow,H.,PaclflcGas&BIectrlcOo.,SanPra,n- 

PIATT, WILLIAM M., Professional ijnd Consult- ^m*ver, !|^. A„ Paramount Fire Alarm Engineer- clsw, Calif. d 

Ing Engineer, Diirham, N. C, idfe Oo„ Cleveland, Ohio Grltte, I, M„ Staten Island Edison Corp., Livlng- 

SERVICE, JERRY H., Head of Departments of Oasciato, D., Electrical Research Products, Inc.» i ^ a 

Physics and Mathooiatlcs, Henderson-Brown • OhJeago, IF. ^ Edison Cp., New York, 

TENS’^A?Rf‘*w.S„„ Englueer. ^ 

^ - ’ Oo-. Toronto. Hartnum. e: R..' pjreStone Tire A Rubber Co.. 

Ont..Oan. Akron, Ohio 
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Journal AVI. E. E. 


Hauck. H. C.. Western Electric Got, Inc., New¬ 
ark, N. J, ’ * • 

Herbert, L. P., Penn-Ohlo Power & Light Go., 
YonngBtown, Ohio * 

Hertz, H F., Philadelphia Electric Oo., Philadel- 
. phla, ]^a. ' • 

IBUcks, J. M., Cdhtury Electric Oo., Philadelphia, 
Pa, • . • 

. HolUd, J, T., Duke Power Oo., Charlotte, N. O. 
Holman, W. J.. Yale University, New Haven, 
Conn. • 

Hoppe* W. H., General Hallway Signal Go., Roch- 

• ester, N. Y. 

Houston, G. A.« Humble Pipe Line Go., Houston,, 
Tex. 

Howard, A. W.. General Electric Go., Port Wayne, 
‘ Ind. 

Hunter, J. A., Pennsylvania Power A Light Go., 
Danville, Pa. 

• Hurley, E. P., BrlUit & Oo., Reading, Pa. 

^ Innis, H. H., General Electric Oo., Schenectady, 
N.Y. • 

Jarvis, H. O., Oity of Baltinore, Dept, of Public 

• Works, Baltimore, Md. 

^ Johanson, A. N., The Gamew^ Go., San Fran- 
* cisco, Galif. 

Johnson,^ M. L., Kansas University, ^ndena, 
Eans. 

Johnson, R. E., L^e Shore Power Cfo., Wauseon, 
Ohio • 

Jones,.O. W., New BnglaSid Power Construction 
Oo., Boston, Mass. 

Joijdan, H., Ontario Paper Go., Ltd., Outardes 
Falls, Que., Oan. 

Kirkland, J. F., New York Central Railroad Go., 
• New York, N.Y. 

Kleindienst, J. G., Delano Goal Go., Inc., New 
York. N. Y. 

Knight, E. B., Saskatchewan Govt. Telephones, 
Heglna, Sask., Can. 

Korsznick, J., General Electric Co., Pittsfield, 
Mass. * 

Langer, F^C., Alcazar Hotel, San Francisco, Galif. 
Leftwl^, M. F., Duke Power Go., Gh&iiotte, 
^o. Gai’. 

Lewis, R. O., So. New Bnglaad Tel. Go., New 
Haven, Gonn. • 

Llndstrom, H. L., Westinglfouse Elec. Sc Mfg. Go!, 

• East Pittsburgh, Pa. 

Lowe. H. L., Louisville Gas & Electric Go,, Louis¬ 
ville, Ky. 

LuUropp, A. L„ AUis-Ohalmers Ml|g.*Co., Pitts¬ 
burgh, Pa. • 

• MacDon£dd, H. O., Western Union Telggraph Go., 

l^BW York, N.Y. 

Miller, W. R., Needles Gas & Electric Go., Nee¬ 
dles, Galif. • 

JS^itchell% G. T., General Electric Go., Schenec¬ 
tady, JST. Y. 

Murphy, N. F., Harold B. Trent* Go., Philadel¬ 
phia, Pa. 

Nebbia, A. M., Public Service Electric & Gas Go., 
of N. J., Hackensack, N. J. 

Nezi, J. M., 928 Wellington St.. Hoboken, N. J. 
Nlchol, A. J., Board of Transportation, New York, 
N.Y. 

Noble, W. H., Penna. Pump & Compressor Co., 
Easton, Pa. 

Nowack, D. O., WesUnghouse Elec. & Mfg. Go., 
» East Pittsburgh, Pa. 

OSrthout, y., Indiana BeU Tel. Go., Indianapolis, 
Ind. 

^ O'Brien* L. P., Byllesby Engineering & Manage¬ 
ment Oorp., Ohlcafo. HI. 

^ Olmstead,^. M., Worcester Polytechnic Institute, 
Worcester, Mass. 

Oser, W. K., BeU Telephone Laboratories, Inc., 
New York, N.Y. 

^ Pastoret, J. E., Reading Go., Philadelphia. Pa. 
Pearson, R. H., Westlnghouse Elec. Sc Mfg. Go., 
rt Houston!) Tex. 

Peters E. B.r Pennsylvania Awer Sc Ll^t Co., 
^entown,Pa. #• , 

Phillips, J. H., Jr., 6610 Baum. Blwd., Pittsburgh, 

Pa. • • 


Pierson, W. D., Brie Malleable Iron Co., New 
York. N. Y. 

Po\«:elIf W. M., Rome Wire Co., New York, N. Y.* 
Ratajczak, F. X., W. S. Barstow Sc Co., Beagling, 
Pa.* 

Rehder,* B. G., New York Telephone Go., New 
York, N. Y. 

Reibner, O. E., Electric Bond & Share Co., New 
York, N.Y. 

Rholns. J. J., Purdue University, West Lafayette, 

• Ind. 

Rhodes, D., BeU Telephone Oo. of Canada, Mon- 
*treal. Que., Oan. 

Roush, W. L., Westinghouse Elec. Sc Mfg. Qo., 
Houston, Tex. 

Sahkovlch, R. J. K., Westlnghouse Elec.a&s Mfg. 

Go., Bast Pittsburgh, Pa. ^ 

Schattle, R. B., Syracuse Washing Marline Oorp., 
Syracuse, N. Y. ^ • 

Schmidt, M. L., General Electric Go., Fort 
Wayne, Ind. 

Schrock, J. E., General Electric O9., Erie, Pa. 
Schwietering, P. J., Oudahy Brothers Co., Cud¬ 
ahy, Wis. 

Searles, N. F., Gibsral Electric Go., Fort Wayne, 
Ind. ^ 

Secor, 0. K., Brooklyn Polytechnic Institute, 
Brooklyn, N.Y. 

Sergeant, R. E., Metropolitan Edison Oo., Read¬ 
ing, Pa. 

Setterstrom, B. O., Westlnghouse Elec. Sc Mfg. 
Go., Bast Pittsburgh, Pa. 

Silverman, J., Brooklyn Edison Go., Brooklyn, 
N.Y. 

Snyder, W. R., J. G. White Management Oorp., 
Reading, Pa. 

Solomon, M. O., Central lUiaois Light Go., Peoria, 
lU. 

Stlcher, J., Detroit Edison Go., l9etroit, Midi. 
Stiegelmeier, W. E.. Ghlcago Rapid Transit Go., 
Chicago, lU. 

Street, M. G., Westinghouse Elec. Sc Mfg. Go., 
Sharon, Pa. 

Taylor, T. A., American Tel. Sc Tel. Co., New 
York, N.Y. 

Thomas, H. E., R. G, A. Gommunicatlons, Inc., 
Marshall, Galif. 

Trenary, H. I., Tlctor X-Ray Oorp., Chicago, lU.’ 
Underwood, R. J., New England Power Associa¬ 
tion, Providence, R. I. 

VerraU, V. E.. Geneitd Electric Go., Fort Wayne. 
Ind. 

Weber, *A. N., Lynn Gas & Electric Go., Lynn, 
Mass. 

"^dchel, O. 0., Jr., (Member). General Electric 
Oo, Schenectady, N. Y. 

White, O. E., General Electric Go., Fort Wayne, 
Ind. 

White, J, E., Westinghouse Elec. Sc Mfg.^Oo,, 
East Pittsburgh, Pa. 

Whting, J. G., (Member), Greene Engineers, Inc., 
Charlotte, N. O. 

Wilkie, H., Naval Researdi Laboratory, Ana- 
costia, D, 0. • 

WilUams, T. M., American Tel. Sc Tel. Go., Pltts- 
# bur^,Pa. 

Ypung. O. A., Northwestern Electric Co., Port¬ 
land, Ore. (AppUcantforre-olectio^ 

Total 134 

Foretfin ^ 

Adams, A. L., (Member^ South Porto Rico Sugar 
Go., Ensenada. Porto Rico 

Green. J. F., The Macintosh Gable Go., Ltd., 
Derby, Eng. , 

HehUeliii K., Heizdeln Sc Ola., Buenos Aires. Ar¬ 
gentina, So. America ^ 

Lamy, R., Societe de la MaiUeraye, Paris, France 
Oldfield, V. P., Gowerdene Hotef, London, W. O. 
1, Eng, ' • 

Picard, A., Oompa^|ia Standard Electric, Buenos 
Aires, Argentina, So. Americ2i» * • 

Rudenberg, R., (Memb^), Slem^is-Schvcksrt- 
werke A.®G., Yerwaltungsgebaude, Berlln- 
Siemensstadt, Gemj^uty * 


Tagucbl, O.irAsla Aluminum Go., Tokyo, Japan 
Venkatesan, A., T. T. D. Electric Construction, 
Tirupathi, |d!adras Presidency, India 
Venkateswaran, A. S., M. S. M. Ry., TripUcane, 
Madras, India 
Total 10 

STUDENTS ENROLLIbD ' • 

Abbott, ’w. Irving, University of New Mexico 
Ada^, Ian M., Univerrity of ^itlsh Columbia 
Adams, Norman H., University of Oalifornia 
Adams. William C., University of lUlnois 
Adcock. Maldan Y., Texas A. Sc M. GoUege 
Aldrich, Howaj-d J., Northeastern University 
Alexander, Samuel N., University of Oklahotfia 
Allan, Francis S., State doUegeo/Washington 
AUen. S. R., State GoUege of Washington 
AUen, Stanley L., Northti^stem University 
Altland, Frederick H,, Lehigh University 
Anderson, Grant S., State University of New 
Mexico ^ 

Anderson, John E., Galif. Inst, of TecU» 

Anderson, MeRoy A., South Dakota Stat School 
of Mines 

Andresen, Warren, University of California 
Andrews, Leo R., Yirginla Military Institute 
Appl, Theodore, Kansas nState Agrl. College*^ 
Archer, Samuel W., University of Illinois 
Arllo, Dominic G., Northeastern University 
Armstead? James G., Rensselaer Polytechnic Inst. 
Armstrong, William M., Stanford University 
Arvidson, Ernest R., University of Iowa 
Arvldson, Paul G., University of Iowa 
Ashley, Hllas G., University of California 
Ariiton, Chester H., BuckneU University 
Asmann, James W., University of Cincinnati 
Atwood, Albert W., Jr., Galif.^Inst. of Tech. 

Ayers, Jack W., University of lUlnois . ^ 

Baer, Oscar W., Colorado State Agri. GoUege 
BaSley, Ghrrles F., University of Kentucky 
Bailey, James G., University of Minnesota 
Baker, Paul H., Rose Polytechnlclnstltute 
Baker, Robert F., GomeU University 
Balkow, Ernest C., University of Idaho 
Ballinger, M^k H., Purdue University 
Balzw, Harvey W., University of l^issouri 
Banca, M. G., University of Illinois 
Bangerter, Hsury G., Btate Univ, of New'"Mexico 
Ban^, Carl W., Lehigh University 
Banks, ^Dwight H., Kaif^as State Agri. GoUege 
Bcqptistr^oel A., Rose Polytechnic Institute 
Barksdale, Warren F., Mississippi A. Sc M. O'ol. 
Barlett, Theo. A., Ohio State University 
Barnes, George O., lyest yir^nia University 
BamwelJ, WUllam M.,^01emson Agricultural Ool. 
Barrett, Jeslah S., Mass. Inst, of TepUnolo^ 
Baxter, &«rbert M., Georgia Schoolof Tech. 

Beach, Ralph G., University of OaUfornia 
Beard, W. G., Lehigh University 
B^, Ridiard A., Ohl^ Stave University 
Belsher, Gregory T., iSnlversity <S! Idaho 
Benning, Harvey H., Jr., OomeU University 
Benson, John 0„ University of Kentucky 
Bergstrom, Roland F., University 6f OaUfomla 
Berry, Leaman S., University of Maine ^ 

BUlman, Leroy S., Lehigh University 
Black, Addison F., Jr., Yirginla. MiUtary Institute 
Bla<5k, Harry O., Univewdty of Kentucky 
Blade, Ra:fhiond G„ University of Illinois 
Blackwood, Herbert B., Yirglnia MUltary Inst. 
Blair, Royer R., Rose Polytechnic Institute 
Bloss, Theodore, University of Oklahoma 
Blum, Frederick A., University of Glnglnnati 
Blythe, JoseplfW., Iowa State GoUege 
BoUiger, Theodore C., University of Wisconsin 
BoUman, Y. L,, University of Nebraska 
Bolton, Stanley W., Cornell University 
Bqpg, Tom, U^versity of Washington 
Boltz, Jay Harold, Lehigh University 
Bondley, R^ph J., Ohio NorthemUnlversity 
Bovey, Donald E., Iowa State GoUege^ 

Bowen, H. L., Georgia School of Tedhnology 
Bowes, Theodore L., UnliTersit^ of riUTinig 
Bowker.*MarshaU B., Uifiv. of New Hampshire 
Boyles, Ronald M!., University of Washington 
Bozlck, Jo]jn P.. Kansas State Agricultural Gol, 
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Brainard, William B., Oomell University 
Branaman, William H., University o^Kenti^cky 
Branham, Blmer J*, Kanaajs State Agrl. College 
Branson, Orland D., Iowa State College 
Brewster, Todd W/, Municipal Univ. pf Akron . 
Britt, Albert S.,Yirginla Military Institute 
BrodAax, Joe T., Virginia Military Institute 
Growerr*Balp]i B., University of California 
Brown, Charles T.,Lafayette College 
Brown, Ho^wa^d F„ University of l^entui^^* 
Brown, Marion W. ,*PurduQ University • 
Brown, Stuart O., University of Illinois • 

Brown, "Jornme M., University of Oklalioina 
' Buch, Phil, Purdue University 
Buchanan, Boyal S., University of Illinois 
• Bull,*JamesT., Cornell University 
Burbank, John Bt., Northeastern University 
Burge, Donald S., Purdue University 
Bui^ess, Everett H., Ben^laer Polytedbnic Inst. 
Btimham, Lyle M., University of Texas 
Butler, Boland D., University oj^aine 


Dawson, Leo B., University of Washington 
Dawson, Boy<& Herbert, University of Missouri 
Deacon, Newell B., Purdue University 


Oillespie, Keiiheth T., University df Oklahoma 
Gillham, John N., University of Kentucky 
Glas^, Charles E., Kansas State Agricultural OoL 
• De^, Clair O., Cornell University •’ . Glenn, Bobert<B., University of Missouri 

Dl^inan, Forrest W., Purdue University . Glover, Clinton A., University of Texas 

' Dicks, James H., Bose Polytechnic Institute Godard, Posey W., Miss. A. & M. College 

Dimmltt, Herbert A., Kansas State Agri* College • Godsey, Jaulbs S., University of Virginia 
Dirks, Benjamin D., So. Dak. State School of Mines Go^htly, William B., Engg. School of Milwaukee 
Dirks. Harold F., University of Detroit Goodman, LouJs M., Ohio Northern Utdvei^iby 

Dodds, Joseph W„ State College of Washington Good^om, Charles A., Virginia Military Institute 
Dodds, S. Harold, So. Dak State School of Mines Gordon, Jess F., So. Dak. State School of Mines 
Dodge, Harold A., University of Illinois 


Donovan, Daniel J., Northeastern University/ 
Donovan, John F., University of Idaho . • 
Deremire. Clayton, Midi. Col. of Mining & Tech. 
Doty, Harold G., University of Idaho 
Dougldbs, George A., Clemson Agricultural Col. 
Dressor, ^Donald, Colorado State Agricultural Col. 
Duffus, Hubert S., Iowa State College 
DuAeavey, IShomas P., Mass. Institute of Tech. 
Easton, Elmer O., Lehigh University 


, Byrnes, Leon M„ Clarkson College of Technology Baton, Bruce G„ Jr., University of Illinois 


Caldera, Felix O., University of CallfomA. 

Caldwell, Chester W., Purdue University 
Caldwell, F. B., Cornell University 
OaldweU, John H., J»., Cornell University 
C3jJkins, Delos S., Cornell University 
Camp, Byron L., Peim^lvania State College 
Campbell, Doyne L., University of Oklahoma 
Campbell. Guy C., University of Utah 
Carbray F. J.. McGill University 
Garland, James F., Idwa State College 
Oarlen, Jans J., University of New Hampshire 
Carlson, Edward J., University of California 
Carlson, Reuben J., University of Washington 
Carlstad, Alvlo, State College of Washington 
Carter, Ernest D., University of Missouri 
OaughmQin, Martini.^ Clemson. Agricultural Col 
Cawby, Elmer L,. University of Kentucky 
Chaffee, F, Dudley, Worcester Polytedmlc Inst. 
Chamberlain, Glenn J,, Calif. Inst, of "Sech. ' 

Chang. Kimg-Huan, Oomell University 
Chanon, Hem’y Ohio State University 
Chapman, John L., Clemson Agricultural College. 
Charbonneau, Allan P., University of Kentucky 
Cherry, John T., North Carolina StJijie College 
Chui’ch, Robert A„ University of Oklahoma 
Olai’k, Eldon M.. So, Dak. State Schodl of Mines , 
OlarlC,*Georgo H., Cornett iJnitersity 
Clark, Jolm R.. Northeastern University 
Clarke, George J., University of Illinois ^ 

Oloran, Charles R., Vortheastem Univewdty • 
Oocanower, G. M., BurduaUniversity 
Coehran, William L., Alabama Polytechnic Inst. 
Oohenour, Howard H., Uniwslty of Illinois 
Golot, Robert, Rutgers Ooljege ^ e • 
.Colvin! Oharlps E., Jr„ Unlvetoy of Kentucky 
Oomorford, 'JMiomas G., Northeastern University 
Oomings^Mary B., Stanford University 
Oonrath, Robert E., Cornell diversity 
Constantine, JoiTy Jay, Un|^rsity of Kentucky 
Conway, ClarencoTS., University of Idaho 


Ehrendardt. Carl E., Bose Polytechnic Institute 
Ehringhaus, Erddne S., Duke University 
Bklund, Lennart N., University of Idaho 
Ekstrom, Ivor B., Lewis Institme 
Elam, Francis P., University of Tennessee 
Ellerbeck, Karl H., University of Washington 
Elliott, John E., Iowa State College 
Ellingson, EUis M., University of Iowa 
Elliott, James D., Mass. Inst, of Technology 
EUis, Eugene Y., Calif. Inst, of Tech. 

Ellis, J. G., University of Southern California 
Elmqulst, Melvin L., University of Minnesota 
Epting, George H., Clemson Agricultural College 
Erickson. John E., Mich, Col. of Mining & Tech. 
Ernst, Karl W., Kansas State Agricultural OoUege 
Estel, George A., Jr., Iowa State CoUege 
Evans, Carl B^ University of New Hampshire 
Evans, John w., Ohio State University 
Evans, Lewis P., University of Illinois 
E venson, Leonard, South Dakota School of Mines 
Everett, Leonard, Jr., Stanford University 
Faerbcr, Arno A., Washington State OoUege 
Farris, Willard A., University of Maine 
Fay .•Ernest E., Jr., University of Nebraska 
Fenner, Kermit F., So. Dak. State School of Mines 
. Finch, Glenn 0„ North Carolina State CoUege 
Fischer. Frederick P., Butg^s OoUege 
Fiske, John H., University of California 
Pitch, Howard M., University of Kentucky 
Plelsher, Henry T., Penna. State CoUege 


d-orton, William G., Northeastern University 
Gougler, Robert L., University of Illinois 
Gould, Winfield H., Ohio State University 
Graham, Joseph H,, Purdue University 
Graham, Spencer W., KansaS,State AgrL College 
Grant. Raymond A., Northeastern University 
Graveo. Winter K., Rensselaer Polytechnic Inst. 
Gray, Gordon E„ University of Illinois 
Green, David Y., I^fayette OoUege 
Green, Edgar L., Jr., OomeU UiSversity 
Green, Martin P., Univ. of Calif. .1 

Greene, Lawrence G., Rhode Island State CoUege 
Griffith, WUliam H., ^cknell Univei’sity 
Grimes, Kenneth D., Kansas State Agrl. OoUege 
GrJssler, Herman, Cooper Union 
Groch, Fred R., Calif. Inst, of Tech. 

Grout,%dwai*d M., University of Florid^ 

Gruber, Albert, State College of Washington 
Gruad, H. iftiaurice, Iowa Stat^CoIlege 
(Jurlnlan, Paul, Lewis Institute 
Haaf, George B., SyraSise University • • 

Haas, Gaylord Paid, University of Notre Dame 
Hadwtn, Thomas F., Univ, of British ColumHa 
Hagon, Thomas H., University of Wisconsin 
Hagood, George B., Clemson Agricultxiral College 
Hahn, Edward L., University of Nebraska ^ 

Haines, BUlott, Jr., Johns Hopkins Univ. 

HaU, John L., Calif. Inst, of Tech. 

Ham. Richard F., Alabama Polytechnic Institute 
Hamp, John W., Lehigh Univenrity 
Hamrick. Aaron W., North Carolina State CoUege 
Handy, John O.. Johns Hopkins University 
Hane, Oscar G., Mich. Col. of Mining S^T^b.^ 
Hanna, O. Raymond, Northeastern University 
Harrington, John A., State OoUege of Washfhgton 
Harshborger. Lloyd A., Ohio State University 
Hartman. HerberfcL., Ohio Northern University 
^artong, Hobart H., flnlversity of Illinois 
Harvey. Gordon 0., Ohio State University • 
Haubrich, Lee, Colorado State Agricultural Ool. 
Haun, AUjson J., Univ. of Calif. 


Fleming, Max O., Kansas State Agrlcul^cd Ool. Hay, Heirbert R„ Lafayette CoUege 


Flotemeyer, Louis H., Jr., Purdue Uxdversity 
Folger, Walter O., Purdue University 
Fonville, Ralph W., Duke University • 

Foos, Caldwell B., Rensselaer Polytechnic Inst. 
Fomohids, WUliam H., University of Illinois 
Forster, Arthur G., University of Calif. 

Fort, Robert I., University of Kentucky 
Franco, John J„ Mississippi A. & M. OoUege 
FrieseU, Charles E., Ohio State University 


Cooper, Robert D., So. Dak. State School of Mines From, Arthw, University of Nebraska 


Cooper, Robert E,; Jr., University of California, 
Ooopipr, Winfield T., University of Illinois 
Oorbih, Joseph E., Pennsylvania State OoUege 
Corley, John D., Oliio StateUnivoi*sity 
Oc)rp. James H., Rose Polytechnic Institute 
Corwin, Newell J., Rensilblaor Polytechnic Inst. 
Coryell, Walter R„ Jr., Washington URivorslty 
Oottingham, Carey. Univeralty of Illinois 
Cousins, Byron I., Kansas State Agricultural Ool. 
Cowles, Mai-ion, Jr., Kansas State AgrL OoUege 
Craig, WiUfcim D., Olomeon Agricultural College 
Crane, Howard W., Otilorado Stifto Agri. Col. 
Crawford, Elston R., Rutgers Collogo 
Cronin, Win. M.. University of Illinois ♦ 
Cutting, Charles A., Univorslty of Maine 
Danilson, Paul* A., Uni vei'sity of 1 d^iho 
Davault, T.rf)iiis 'J'., University of Texas 


Frost, Louis H., Syracuse University 
Fry, Margareftl., University of Kentucky 


Hayes, HarroldH., So. Dak. State School of Mine^ 
Hayes, RusseU R..Oklahoma University 
Haynes, Charles M., University of Missouri 
Heckert, Robert B., Kansas Stote Agri. OoUege 
Heltzel, William E,. Purdue University 
Hembree, Eugene E., Clemson Agri^tural OoL 
Hemphill, Hugh P., University of Kenfeicky 
Henderson, Donald B., University of Maine 
Henderson, Donald E., Rose Polytechnic Institute 
Hendricks, Shelton^ University of Kentucky 
Hendrickson, Charles T., University of Minnesota 
Herrmann, John A.. Purdue University 


Fuhlbrugge,'Herman, So. Dak. State School of Hershberger, Carl A., Ohio Northern University 

♦ Hess, B. Parker, Ohio State University 

Funkhouser, Francis M.. University of Illinois « Hesselberth, Wilfr^ M.. University of Illinois 

Gahagan, Joseph E., Rensselaer Polytechnic Inst. Hewitt, George WUUam, Iowa State OoUege 
Gaipor, WiUiam P., Engg. School of MUwaukee Higgins. Elmer R., Unlveralty of Maii^e 


Galbraith, Robert E., Univ. of Calif. 

^Ibreath, Robert R., Qfarnegle Inst, of Tech, 
Garcia, Nicolas, Jr., Ylrginla MlUtary Institute 
GarrJgus, Lewis L., Purdue University 
Gates, Clinton E., 0£Uif.fl:nst. of Tech. 

Gay, Clarence G., Noatheaptem University 
Gearhiser. WUliam P., Miss. A. & M. CoUege 


Hoaglund. Robert G., Northeastern University 
Hoffman, Eugene C., State College of Washington 
Hoffman, Gordon O., Clemson Agricultural Col. 
Hoffman, Gordon L., Johns Hopkins Univerrity 
HoUis, George H., West "5^ginla Unive^-sity 
Holmes, Burton B., Northeastern University • 

Holmes, Richard H., Univ. of Calif. 


GetoMi, Heracheia., Kansas State Agrl. College HoiUce.Alclra. University of Illinois 
GentlUnl, Oelso, IJnlverslty of lUlnote 
George, Ernest B., Princeton University, 


Davidson, Harvey B., Kansas State Agrl. Oolloge George, OllnO., Ohio Notttom University 
Davies, Alffod K.. Syracuso University Goss, John T., Un^ei^ 

Davis, Artluir U. Newark College of Englneoring GhamH^, 8hai^B.,B*g. SlhMlofMllwankee 
Davte, Maurice W* Unljerslty of Kentucky cabson, John a, ^J)f 

Davis, NolsonM., Ohio State University ®*'*’*“' 

Davis, Pan*, itansas ,State Ai4-lctUtnral Collogo Glddlngs, N OsH.^. rfTech. 

Davis, Stuart, University of Oklahoma, GUI. Harry A., Northe4s(etn Unlvetslly 


Horn, Virgil M., Purdue Unlvei’sity 
Horning, Edward W.. University of Illinois 
Horstman, OUfford C., Washington University 
H<fehino, Akira, OorneUUnlvei-slty , ^ 

Howard, Clyde B^OMo State University 
Howawl, Jack M., V^versity of Kentucky • 
Howard, Richard Pt, University of KentuiA^ 
Howery, AUeifM., Unjyersity of Tennessee 
Hsu, Shih-Ohuan, fiuSue University 
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Journal A.,L E. E. 


Htfemg,^lenclxiifi,*Piirdue University* 

Huber, Louis P., State College of Washington 
Hudlow, Uoyd J., State College of Washington 
Huebner, Cbai*le6 A., University of Illinois 
Huffer, J. Cualg, University of Florida 
Hufnagel, Walter P,, University of Illinois 
Hull, Francis M., University of Detrdlt 

Humphrey, kathifti T., Princeton University aixioa xtx., xyxxisb. a. » xvx. v/uuutso 

Humpiirey, 'Shomas S., Jr., New "Vtirk University Lee, John H., North Carolina State College 
Himt, Donald L., Iowa State College * »-- 


.Lautier, Roger A.. R,pnsselaer Poly. Inst, Miner, H, Read, tjniverslty of Illinois 

Lawman, Paul M., Carnegie Inst, ot Tech. Mitchell, Da^^ B., University of New Mexico 

Lairance, Walter T.. Iowa State College Montgomery, Glenn D-., Montana State College 

Law^ Charles W., So. Dak. State School of M^es aMontoJo, Edward P., Engg. School of Milwaukee'* 
Lawyer, Hugh, University of Oklahoma Moody, HaroJd 8., University of Southern Calif.. 

Lazzari, Americo, Uiflv. of Calif. *Moon, Arthur W., Cornell Unlvei-slty 

.Leathern^, Henry A., Ohio Northern Univei*slty Moran, Francis P.’, Unlveraity of Detroit ' 


LeCroy* James M., Miss. A. & M. College 


Hunter, Charles W., Unlv of Calif. 

Hurlbut, Charles C., Syracuse University * 

Hurst, Thomas T., Mississippi A. & M. College 
•Ibler, Harry. University of Illinois 
Xmle, John F., Uniirersity of Texas 
Ireland. John W., Jr.*, Virginia Military Institute 
Irvine, Leland K.. University of Utah 
Isherwood, Robert A., Northeastern Univei’slty 
Jacklin, Norman L., University of Illinois 
Jackman, Arthinr A., Northeastern University 
Jacobs, John Wm.,iNortheastem University 
^ J^roux, George. State College of Washington 
Jurard, C. E., Clemson Agricultural College 
Jefferies, V. E., Kansas StaiB Agr. College 
Jehkitos, Bussell C., University of Missouri 
Jester, Harold S., University of Illinois 
* Jobbins, Daiilel Manley, Rutgers College 
Johnson, Alva A., University of Virginia^ • 
Johnson, dlarence B., Jr., Virginia Military Inst. 
Johnson, Elmer T., Northeastern Unlvel-sity , 
Johnson, Emmett IVf. State Col. of Washington * 
Johnson,,Ernest A., Rose Pol^echnic Institute 
Johnson, Paul K., Rensselaei* Polytechnic Inst. 
John^pn, Victor T., University of Calif. 

Johnson, William De Laporte, Unlv, of Missouri 
Johnson, W. M., University of Florida 
Johnston, Thomas F.. Texas A. & M. College 
Jones, Otis 0., So. Dak. State School of Mines 
Jones, Wmie H., University of Nebraska 
Jordan, Robert L„ University of Illinois 
Jordan, Stanley R., University of Illinois 
Kaminky, Oscar H., University of Illinois 
Eanne, DonaldW., University of Minnesota 
Kantayya, .j^andarao G.. Rensselaer Poly. Inst. 
Kamuth,4Ioy F., University of Illinois 
Katt, William J., University of Illinois 
Kelliher, James L., Northeastern University 


Lefler, Julian T., University of Kentucky 
Leibovlch, Harry, University of Missouri 
Lfippert. Melvin L., Calif. Inst, of Technology 
Levine, David L.. University of Illinois 
Levine. Samuel J., Mass. Inst, of Technology 
Levy, Francis E., Unlv. of Calif. • 

Lewis, J. Conrad. State College of Washington 
Lewis, John J., Rensselaer Poly. Inst.. % 

Lewis, Robert K., University of Kentucky^ 

Ley, John E., Kansas State Agricultural poUege 
Lichty, H. F., North Caiulina State CQllege • 
Llghtner, Paul J., University of Oldohoma 
Lindsey, Walter F., Virginia Military Institute 
Lindstrom, Jerome E., North Dalcota.Agri. Col. 
Lockle, Ai thim M., Rensselaer Polytechnic Inst. 
Logan, John W„ University of Missouri 
Lorenz, Harold F.^ Worcester Polytechnic Inst. 
Losoncy, Wm. A., Unlversi^ of Detroit 
Lotze, Charles A., Rose Polytechnic Institute 
Lundbei'g, Fred C., University of Utah 
Lyle, R. Bhnore, State College of Washington 
MacDonald, Alden P., University of Florida 
Macdonald, George E., Engg. School of Mil. 
Mace, Otis E., Worcester Polytechnic Institute 
Mack, Donald W., University of New Hampshire 
MacNamee, Wflliaim R„ Princeton Univereity 
MacNeill, Gordon E., Northeastern University 
Macoy, Eugene W„ Mass. Inst, of Technology 
Maier, Robert W., Northeastern University 
Makita*, Victor K, University of Southern Calif, 
Malone, Creed, Jr., West Virginia Unfirersity 
Mann, Hamilton H., University of Virginia 
Manville, Robert L., University of Illinois 
Marshall, Harrison G., University of Maine 
Marstou, William R., University of Illinois 
Mai*vln, Gordon S., University of Illinois 
Massey, Victor H., Unlv, of Calif. 


Kelsay, William D., University o^Texas 
Kemper, Floyd L., Ohio StateTJnlverslty 
Kennedy, Frank H., Rensselaer Polytechnic Inst. 

Kent, Frederick T., Jr., Rutgers CoUege 
Kerley, James G., Miss. A, & M. College 

Kesteu, Edson E., University of Florida*, i-viayer, jj.^jn., so. uak. state School of Min 

K ttenring, Robert L., University of Washington .Mayott, IVUliam B., Rensselaer Poly. Inst. 
Heyes,.William R., Mich. Ool. of Mining,* Tech. Mazyck, Edward H., Clemson Agricultural Col. 
Kiehle, E. G., Northeastern University -- “ — “ 


Moran,* Leo L., University of Detroit * 

Morgan, Charles T., Northeaster^ Unlvei'slty 
Morgax^ James iA.., West Virginia Univereity 
Morrow, Melvin J., Brojoldyn Polytechnic Inst. 
Morton, PrfiilL., University of Washington 
Muller, HirfiUin P., Cornell University .^ 

Muntz, J. H., Unlvei'slty of Illinois 
Murch, Kenneth C., Northeastern University 
Murphy, Frederick J., Nor|;hea8tem University 
Murphy, William M., Unlvei’slty erf Kentucky 
Myrick, Eborhard P., State College of Washington 
Nahas, Jack N.. Texas A. SpM. College 
Nanartonls, Albert N.. Worcestor Poly. Inst. 
Nathan, Jack X., Carnegie Inst, of Tech. 

Nave, Clyde K., University of Kentucky 
Naylor, Cl&rles W., Kansas State Agr.'College 
Nazario, Arthur, Ohio Northern University 
Neidert. John H., University of Texas 
Nelsch, Walter R., University ef Illinois 
Nelson, Ruben, So. Dak. State School of Mines ^ 
Nelson, Walter E., North Dhkota Agi*. College 
Newman, Clyde, Kansas State Agricultural Col. 
Nlemi, Arvo N., Mich. St. Col. of Agrl. & Ap. Sci. 
Noe, Milford W., University of Kentucky 
Nolan, Robert A., Ohio State University 
Norris, RolUn H., Harvard Univereity 
Nottingham, James R., West Virginia University 
Novak, Frank E., University of Wisconsin 
Noyes{ Herbert E., Northeastern University 
O’ Donnell, Cornelius B., Univereity of Illinois 
O’Leary, Daniel F., Northeastern University 
Ordway, Robert D., Northeastern Univcfrslty 
Omer, Ralph J., Univereity of Illinois 
Orth,*HaiTy, University of Texas 
O’Sullivan, Robert G., Brooklyn Polytechnic Inst. 
Ott, Marvin G., Kansas State A^culturol Col. 
Owsley, Carl, University of Kentudey 
Pafford, Robert J., Kansas State Agri. College 
PageUa^Charle^. Rhode Island State College 
Paine, Harold G., University of Illinois 


Mathisen, George, Lehigh University * xx»xum v;.umvorHii.y oi mmois 

Matoian, Christopher G., Unlv. of Now Hampshire palmer, Robeft N.. Rensselaer Polytechnic Inpt. 
•Matthews, George D., University of Illinois Pangborn, Redmond J*., ITiIlverslty of Idaho * 

Mauney, B. S., North Carolina State College Paramore, Leslie, Kansas State Agrl. College 

Mauney. James H., North CaroUna State College Paj’ce, Earl T., Colorado S^te Agricultural Col 


Mauss, Lyle L., Iowa State College 
Mayer, F. N.. So. Dale. State School of Mines 


Kime, Roy M., Princeton University 
Kimura, Hezu*y A„. 

Ktoey, Floyd M.. Ohio State University 
Kirk, Rlchar^l C.. North Carolina State College 
Kirschner. Alfred E., Northeastern University 
Kllebensteln. W. Willard, State Col. of Wash. 
Kllnke, Henry O., Rensselaer Polytechnic Inst. 
Klockler, Wallace C.. State Col. of Washington 
Knack, Wallace L., Cornell University 
!KnoU, Artbui* F., University of Cincinnati 
Ko, C. O., Purdue Univereity 
Koch, Theodore A.. Ohio State University 
Koehler, Julius W., McGlU University 
Kolb, Louis W., Lewis Institute 
Krehbiel, Menno P.. Kans.is State Agr. College 
Krlvlskoy, George, University of lUinols 
Kugler, John O., University of Idaho 
^Kuhlman, Harold E.. University of Oklahoma 
Kukllnski, Marcel, Univerfity of Kentucky 
I^papil, Elmdl* G., University of Wisconsin 
Ladang, Alfredo C., Le^vls Institute 
Lair, Otis W., Purdue University 
Lambert, William H., Oamogie Inst, of Tech. 
I^amkey, .Fi*ank R., Washington University 
Lancaster, Charles N., University of Kentucky 
Lancaster, Joseph G., University of Idaho 
Landar Henry 0?^ University of Wisconsin 
Lantz, Nprman G„ Purdue UniveJ&ty - 

Laramowa, Chester E.* Purdue University 
Larson,'Carl G.,. 


PardftnnerfGeorge N., Ohio State University 
Parker, Gordon S., Vh*glnla Military Institute 
Parks, Lester A., Northeastern University •* 
Pascoe, Robert L., Lafayette^ Cpllege 
Patel, I^ , Cornell Unlyersity ^ 

Patterson, Rpssell H.fOhio State University ** 
Patterson, ^liljsm R., University of Kentucky 
PeaJe, Alexander H., Mississippi A. & M. College 
Peale, A. W., Miss. A.'*& M. College 
Pearson. John S., Stanfi^d University 
Pelatowsld, S. M., State Univ. of ^ew Mexico 
Pennington, Donald J., University of Illinois 


Mcpiarren, D. W., University of Washington 
McOonaghy, Louis B., Oai’negie Inst, of Tech. 

McGowan, Howard L., Univei’slty of Illinois 
McCrary, Samuel E.. Virginia Military Institute 
McOulley, B. P., Kansas State Agr. College • 

McCurdy, Johii D., Cornell University 
McDonald, Raymond K., State Col. of Wash. 

MeDoweU.EarleB.. Iowa StateCollego xrcxxxxxxiBvvu. umversiLy oi imnoi 

McFaddin, John J„ Clemson Agricultural College Pentz, Everett W., University of Kentucky 
McFai’lln, Vernon S., Northeastern tlniversity Peralta, A., Cornell U^verslty 
McGinty. Norman W.. Univereity of Idaho Pernell, J. Herbert, Vnwemty of Oklahoma 

McIntosh, F. R., Texas A. & M. College Perry, James G., University of Kentucky 

Mcl^y, William M„ Montana State College Pettus, James F., University of Kentucky 

McKenzie, Daniel B., Virginia MlUtary InsTltute PhlUips, Charles H., Renssfilaer Poly, Inst. 
McPherson. John M.. Clemson Agricultural Gol^ • Pickels. George W., Jr., University of Illinois 
McPhlllamey. Wallace F., University of Idaho Pickens, Harold L., University of Oklahoma 

Mellza, Lyle H., Universitjiof Illinois ^ Pierce. AHjhm* F.. Jr., Worcester Poltechnic Inst. 

Melton, Dewey P., North Carolina State College Pierce, Charles J., Ssnracuse University 


r 


Mendel, Leo B., University of Illinois 
Meneely, James F., University of Idaho 
Menendez, Ernest. Univereity pf Florida 
Meschlcovsi^y, Theodox’e,’Worcester Poly. Inst. 
Meyer, George F., University of Illtoois 


Pilgrim, Charlie J., University of Texas ^ 
Pltner. Gordon hT, Univereity of Illinois 
Platts, Ralph N., University of Kentucky 
Plomaseff, Charles G., State Colrof Washington 
Poland. Harland 0„ University of Maine 


--M xLtu'ioiuu v., umYoraiby oi JViame 

M^^ers, George J.. Jr., Mass. Inst, of Technology Poland. Merle G.,cState College of Washington 
M^era, M. Downing, Johns Hopkins University Pollocek, E(fear H., Rutgers College 
Meyers, Otto F.. University of Texas ’ • « Porter. WilHant T., Stanford University 

Michael, Paul O., Purdue University Powell, Arnold E., Northeastern Unlvecafty 

Miller, Chas.J.. Univeiftity of Mlssoiml Powell, George L., Univ. of Calif. 

Miller, Leo N., University of lowgi ® . 


* Prentice, Brace R., Kansas Jgtate^kgr. Col. 


T / * * Miner, Richard A., Newark tloUege of Englneeflnff Pritchett, Jack D , Oallf. In^. of Tech, 
ester Polytechnic Institute Miller, Wallace Bf Virginia AllUtary Institute Procopio, Ralph G., Northeastern University 
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Pinicha, Alvin F., Iowa State Colfege 
Radcliffe, Joseph H., Montana StateKDpllege 
Ragsdale, John H., Univ. of •Southern Oallfdrnia 
*Ranson, L. Russell, Duke University 
. Rasmus, Peter A?, Ohio State University 
Rayburn. Lawrence M., State Col, of Washington 
Read, G. Wilber, Calif. Inst, of T*ech. 

• RelnhaM, James W., Univ. of Southern Califomla 
Rents, Cecil V., CJemson Agricultural Oojlege 
Rettig, y. G., Unjlyersity of Cincinnati •. 

Reynard, Charles Unlvprslty of Delaware^ 

Reynolds. Smbree E., Univ. of Calif. • 

Rhee, yfm. J., Pursue University ♦ 

* Rhodes, Floyd 0., Rensselaer Poly. Inst. 

Rice, Charles K., University of Kentucky 

• RlcQards. Alfred W., Mkjh. Col. of Mining & Tech. 
RHey, Charles W-, Syracuse University 

Rlner, John D., Univ^ of CaHf. 

Rlseland. Julius L., Sta^e Col. of Washington 
Roasa, Hubert L., Iowa State College 
Robb, Charles D., University ofDetrolt 
« Robbins, Fred B., Purdue University 
Robeck, Clausen A., Johns Hopkins University 
Roberts. Frederick F., University of Idaho 
Robinson, Leonard E., University of Illinois 
Roblee, John E., University of Missouri 
Rodriquez, Carlos V.. University of Texas 
Rogers, Arlington G., Mich. Col. of Mining & Tech 
Romberg, Marvin, University of Texas 
Rosencrans, C. A., Lehigh University 
Ross, George A., Calif. Inst, of Tech. ^ 

Rubin, Albert C., University of Illinois 
RudasiJl, William A,, Virginia Military Institute 
Rus, Albert F., University of Illinois 
Russell, Donald R., University of Idaho 
RusseU, Lloyd W., Calif. Inst, of Tech. 

Rust, George D., Newai-k College of Engineering 
Ryan, qharles P., Iowa State College 
Sackman, George W., Clomson Agricultural Col 
Saibara, Robert, Texas A. & M. CoUege 
Salazar, Alberto, Rensselaer Poly. Jnm. • 
Sander, Willis C., State College of Wellington 
Sandei*s, Jack.^Cansas State Agricultural College 
Sanders, J. L., Jr,. Univeraity of Florida 
Sargent, Cliai’les S., University of Washington 
Sargent, Willard C., Northeastern University 

, Sawyer. Richq.rd M.. Univ. of New HampSflro 
Scal^, Samuel M., University of Texas 
Schflner, Sebastian L., If nlvoraity of Maine 
Schierland, Raymond F., Univ. of Cincinnati 
Schliedor, Harold A., Rensselaer Polytechnic Inst 
gchimick, Ifcudolpl^^ University of T©xa«fc* ♦ 
Scholl, Robert A., ^urdue Univoi*sity 
Seholz, Clarence W.. University of Nebraska 
Schowo, HarVey F., Uijlvorq^ty of Missouri 
Schroder, LawrencoD.. ^piversity 9t Utah . 

. Schulz, imi Municipal Unlforsity o.ftAkron 
Schwarz, H<iward C., University of Mte.sdurl 
Scott, Robert M., Uni v(»rsity of Maine 
Scott, Stewart D.. Univ. of Skmthern California 
Seal, Philip M., Woi*ccsier.polytechnic Institute 
Soaring, WilUalnH., Oomoll UnlvorKlty 
Soogal, Jacob, Brown Univoi‘sit;y 
Seely, Raymond K.. State College of Washington 
Seilj^ir, George E„ University of Oklahoma 
Sextnn, Oliarlcs R., Univ. of Calif. 

Shapiro. Richard. University of Illinois 
Shearer, Robert li., Univor.sity of Illinois 
Sheatli, Samuel B., Jr., Rutgers Oollogo • 
Sheplierd. Munshali L., North Oarolflia State Col. 
Shields, C. B., Purdue University • 

Shively, Harmon G., Municipal Univ. of#Alcron 
Shively, Russell D.. Municipal Univ. of Ala-on 
Shomber Harold H., Kansas State Agri. College 
Shraborg, Bon, University of Kciftucky 
Shumaker, Henry 11., Mississippi A. & M. College 
Shwetz, Patrick 1^,, Nortlioastorn Univor.’iity 
Sickel, Stanley J., Sotith Dalcota Scliool of Mines 
Siegel, George M., Woi*ccst<}r Pqlytocimic Ivst. 
Siovors, Arthur G., So. Dak. State School of Mines 
Slier, Harold D., Ohio State University 


Slniscalchl, Guy C., University of lUlnols 
Smith, Benjailiin T., Virginia Military Institute 
Smith, Carl B., Iowa State CoUege 
Sndth, George H.. University of Delaware •* • • 

Smith, Floyd H., Kansas State Agri. College 
Smith, Howard G., CorneU University • 

Smith, Laurence M., University of Idaho * • 

Smith, Paul Q., Mississippi A. & M. OoUogd 
Smith, Wm. S., North Carolina State CoUege 
Smoot, E. P., Kansas State Agr. CoUege 
Sodajio, Michael O., Worcester Poly. Inst, , 

Soliday, Victor W., Engg. School of Mllwaultee * 

Soskin, Samuel B., Lewis Institute 
Southam, W. W., McGUl University .. ’ 

Sewell, Thomas M., Texas A. & M. CoUege 
Spadetti, Umberto, Rhode Island State CoUege 
Sparkcr. Walter D., University of Kentucky 
Spencer^JuUan L., University of lUlnois 
Spencer, Jiincoln O., University of Maine 
Spdrl, Kenngth K.,. Rhode Island State CoUege 
Sperotto, Joseph J., Rose Polytechnic Institute 
SpUker, CUfford J., So. Dak. State School of Mines 
Sprague. V< GUbert. Ohio State University 
Spring, WUUam S., ComeU University 
Stanton, Samuel W., Rutgers College 
Stearns, Richard H., Duke U«f\rersity 
Steel, J. Ira, West Vlr^nla University 
Steers, WlUlamF.. University of Kentucky 
StorUng, Oscar R., BuckneU University 
Stidfole, Fred S., Rensselaer Polytechnic Inst, 

Stieg, Hemy R., Northeastern University 
StUes, J. Ward, University of Toronto 
Stilphen, Lee E., Northeastom University . 

St. John, Robert C., University of Illinois 
Stipp, Theodore F., OaUf. Inst, of Tech, 

StoU, Philip O., Georgia School of Technology 
Stuttle, Oharles S., Unlvei-slty of Detroit 
Sucre, Antonio J;, Mass. Inst, of Tech. 

Sudack, WiUiam, Northeastern University 
Suydam, G^rgo M., Lafayette Oollege 
SuIUvan, Hays, Jr., Mississippi A. & M. College 
Sussin, David; University of Texas 
Sutherland, John G., University of Cincinnati 
Swain, Vernon T.. University of New Hampshire 
Swanson. John A., Engg. School of Milwaukee 
Swift, Frederick T.. Jr., Calif. Inst, of Tech. 

Szewczuk. Walter, University of Missouri 
Talbott, Arthiu- L., State CoUege of Washington 
Tallcott, Clifford P., Syracuse University • 

Tankovlch, James G., Ohio State University 
TapUn, Ernest L., State CoUege of Washington 
Tarbet. Thomas V., Calif. Inst, of Tech. 

Taruu, LeightonP., So. Dak. State School of Mines 
Taylor, Theodore F., University of Iowa 
Taylor, Wm. L., University of HUnois 
Thayer, B. Merlin, Calif. Inst, of Tech. 

Thlelman, Albert, Mich. Col. of Mining & Twh. 

Thom. E. H., Kansas State Agr. College 
Thomas, Peter G., Pennsylvania State Oollege 
Thompson, Mai’tin M., University of Kentucky 
Ihompson, R. J., University of Oklahoma 
Thompson, WUUam G„ Jr., Univ. of Calif. 

Thomson, Howard M., University of Washington 
Ihudin, Clyde F., Kansas State Agri. Oollege 
lolontino, E^maso M., Engg. School of Mil. 

TrekoU, Hfii’old E., Kansas State Agri. College 
Trompon, J. Milton, Rutgera CoUege 
Trotter. Robert R., Miss. A. & M. College 
Truetr, Jack. Rose Polytechnic Institute * 

Tiyesdoll. Francis W., Clarkson College 
Tsiales, Panayiotls T., University of Maine 
Turner, R. Kenneth, Ohyio State University 
'rwolvos, Churlos M., Mass. Inst, of Tech. 

Unz, Clifford F., Iowa State Oollege 
Valdes, Prodonclo, University of Texas 
Valentine, Weston'VJf., Lohlgh University 
Van Horn, Otto, Montana State College 
Van Meter, B. University of Kentucky 
Vant; Laslie M.l^ortheastern University 
Vonclll, George J„ University of Missouri (J 
Vlo^i, Edward L., Jr., University of Kentuclcy Total 835. 


* Villegas, Ludo P., State College bf.Washington • 
Vipond, Iieslle O., North Oarolma State CoUege 
Vogel, Charles P., Lafayette Oollege 
Vogd, WUUam H., Jr., Cornell Univeidty 
WaAle, Theodore, So, Dak. State Scl]pol of Mines 
Walden, George R., Univ. of New Haxniishire 
. Walker, Jo1ki*T., Jr., Virginia Military Institute 
Walsh, Tracy R., University of Florida 
Walsh, WUUaifi O., Univ. of OaUf « 

Walters, Thomas A., University of Kentucky 
Walton, Louis A., University of Kentucky 
Wamboldt. Henry, Colorado State Agri. Oollege 
Wanner, Louis R., Lohlgh University 
Warrick, Paul J., University of lUinois 
Watson. Prank E., West Virginia University 
Watson, Jack H., University of Oklahoma 
Weber, John O., University ofSvisconsin 
Weckel, M. F., Kansas State Agri. CoUege 
Weeks, GUbert E., University of Maine 
Wegel, Fred O., Rutgers CoUege 
Weilts, John B., Engg. School ci Milwaukee • 

WeU, Robert T,, Jp., Brooldyn Polytechnic Inst. 

Welst, Glenn B., Purdue University * * 

WeUs, Leslie S , Unim*slty of lUinols 

WeUs, Miner F., Worcester Polytechnic Institute * 

WeUs, RajrmondG., University of Illinois 

Wenzel, Hubert A., University of Illinois ^ 

Werga, Ohirence, Engg. School of Milwaukee 

Werner, Cdvin J., University of OindnBati 

We^t, Clarence V., Virginia Polytechnic Institute • 

Westberg, V. L., University of^Illnols 

Westerstrom, R. W., fbwa State CoUege 

Wey, George. University of Illinois 

Wheeler, John N., Northeastern University 

Whisler, Clarence R., Iowa State College 

White, Irving S„ Worcester Polytechnic Institute 

White, Raymond N., University of Kentucky • 
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Traveling Waves Due to Lightning. 


December, 888 


Broad-BanSfc Wave Filters 

(Malhna and Enaokmuss).^. Apnl, 266 


7"^ 7“ . I>ecember] 905 ^ ^ 194 

AIX to malic Stations, Committee on_ August, 596; • 

-• i.i t — 4 ‘ i-. December, 911 T ^ * 

I<^fliicaDon, Committee on.. Sevtember 677 Tr.i i-. . - m. 

M Joe trio Welding, Committee on... July] 526 of Broad-Ban^ Wave Filters. 

‘ wioet,rK3al Communication, Committee on. Oclob^, 747 (Malhna and Enaokmuss).>-^^ Aprili 266 

-IVTiichinery,' Committee on.. November, 825 x «7 

lOIoctroehemistry and Electrometallurgy, Committee ^ 

..;;. December, 878 Water W^ks, Electrical Features of the New Eansft«*nifv 

J0h3ctirophysics, Committee om.. November, 833 (Maillaraj.... , T 

(Itmoral Power Apphcations,Con^ttee on. December, 896 Wave FiltdSf?, Vector ‘l^sentation of ‘ Bmad^ 

I nKbrniments and IMeasurements, Comnpfctee on (hdaUina andKnackmuss).. Awn' orK 

, , O. 1 September, 698 Waves, A GRphical Theory' of' Trav^e‘Ble^fe ’ 

Iron and Steel,pornmitteeon. August, 635 (Karopetoff).. .... ' o-ravemig *i^c. 

Power Generation Comimttee on.... . September, 702 Wind Tmmel, MotJIn: Control ftir.'' (L^^s)'.'.' SedSr' 686 

l‘roduotion and Applicafaon of Light, Commttee on Wood-Pole Lines, Impulse Insulation cWacterS^”,?’ 

December, 913 (Melvin).•... Novemb^', 813 
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I^EX OF INSTITUTE AJVD*IUELATED ACTIVITIES 


'American Electric * Railway Assocjatioli Convention 

* ■ ^ , • September^ 

American Engineering C6t5ncil 

A. S. C. E. Joins Council.... May, 

* • Artminfstratiye Board Spring Meeting.. June, 

Advisors for Rosenwald Museum. December, 

Anniversary of Birth of First- Engineer President 
* * • December, 

Annual Meeting a,t Washin^&n, D, C. February, 155; 
• . • . * , . December, 

. Appomtment to the Assembly. October, 

^Colorado River Project Progresses. ...... _ Auguai, 

Conference of Engineering Secretaries at Chicagoikfay, 
Consulting Engineers for Governments^ Service 

^ M A ^ . December, 

Council AppoiiTts Committee omDams. mJune, 

-Engineering and Allied Technical Pro¬ 
fessions*. July, 567; September, 

►-Communication Committee.;. July, 

— Opposes Movement to Transfer Geodetic Work to 

Department of the Interior.. January, 

— Publishes Roster. September, 

Cruiser Bill Passes Senate...: ilf arcA, 

Engineers in Public Life. May, 

Fall Meeting ot Administrative Board... October, 

Government Employees Compensation .Bill,.. March, 

Hydraulic Laboratory Bill. ^. March, 

Legislative Measures of Interest to Engineers. January, 

Mapping Program.. December, 

Meeting of Administrative Board. July, 

National Hydraulic Laboratory Bill. February, 

New Edition of Constitution and By-Laws. iSfc;;«e?n6er, 
Nicaraguan Tnteroceanic Canal Board Appointed 
% August,- 

Plea for Mapping Appropriation... August, 

Recommends Engineers for International Joint 
Commission. December, 

* Relief of Engineers from Buty vath Combat Forces 

^^ecem^er 

Report cm Street Signs, Signals, and Marking... April] 
Special Committee to W ork with Congress and Federal 

Administration. Auguk, 

St. Lawrence Waterway♦.%. T, December, 

State Interested in Water Resources. May, 

^.Btreet Traffic Repprt Distribution Progressing. May, 

Study of Airports Obnsidered. December, 

Water Resources Division Needs Help . A ugust, 

American Institute of Electrical Engineers 

*. Addresses Wanted. ^.Mdrch, 244; November, 

Committee^. January, 86; September, 

* Convention, Pacific Coast. Tune, 482; July, 563; 

. * August,J^42\ September, 712; October, 
— Report (rf TpchnSal^Discussion.... November, 

— Summer- March, 2^iT,sApHl, 821; May, 399; 

♦ • J^.ne 479; July, 568; August, 

—'Winter (1929) . .-lanuary,kM\ February, 152; March, 

* % 237; (1939) December, 

-Report of'T^hnical Discussion. A pHl, 

Directors Meeting,,. .January, 65; March, 240; May, 
407; June., 488; A ugust, 647; 713; November, 

District Award Paper Prizes. Tune, 

% Honorary Members Elected. Ay/fast, 

Meeting, Anmiffi.:. May, 309; AMgust, 

. —Chicago District.Jwnr, 482; AuguM 641; 

Oclolmr, 778; November, 712, 843; December, 
— Cincinnati Kogional.. . Jf'ehrmry, 152; March, 236; 

May, 

— Dallas Regional- FebruUry, March, 237; 

April, 819; 899; Jrme, 485; Jxdy, 

Meetings for 1929. J annary, 64; February, 

Meetings, Futoe Section. January, 72\ February, 

158; March, 244; A pril, 828; May, 409; June, 491; 
July, 571; October, 788; November, 852; December, 
— Past Section ... January, 78^ February, 159; March, 
245; April, 828; May, -111; June, 498; August, 651^ 
October,*78^; November, 853; December, 

Members Going Abroad.,. f.:... Appil, 

Mcmbelrship, Applications, Elections, Transfers, etc. 
January, 82; February, 168; March, 253; April, 339; 
May, June, 503; July, 580; August, 655; 

Sep^?nber, 720; October, 788; November, ^8;, 

* • ^ ♦ December, 


712 

403 

484 

924 

923 

923 
780 
646 

403 

924 
484 

713 
567 

71 

713 

239 

40^ 

780 

289 

2:19 

70 

923 

567 

156 

713 

646 

646 

923 

924 
326 

645 
924 

404 
403 
924 

646 

851 

721 

779 

846 

637 

920 
323 

847 
486 

647 
640 

921 

405 

569t 

153 


929 


930 

326 


J * 

939 

• .9*51 


*• National Prizes Awarded for Papers.. Jnrte, 485; 

• ^ December, 928 

* .— Regional Prizes. ... February, 155 • 

•, Nominations.. \ .January, 67; Odtober, 728 

Obituary,. . .January, 72\ J^ehruary, 157; March, 243; 

April, 327; May, 409; June, 490; July, %7Q; August, 

64:9; September, •'7W; October, 782; Nove7nher,^850;, 

• December, 925 •. 

Officers, A..I. E. E.. r.Janwarif/, 85; February, 173; 

March, 258\ A^ril, 343; May, 425; Ju7ie, 505; J%ily, 

583; August, 656; September, 724; October, 789; 

.. * November, 859; December, 944, 

Personal Mention. January, 71; Fchmary, 157; 

March, 243; April, 327; May, 408; Jung, 489; July, • 

569; August, 649; September, 715; October, 782; 

November, 850; Decc7nh(i7' 924 

Report of Tellers of Election. July, 566 

Section Activities: Annual Student Program of 

Portland Section.#. Jky,^ 571* * 

-Commxmication Group of New York Section 

Organized. ... P. . June, *491 

-Competition Held by Seat defection. July, 571 

-Contacts between Engineers and Public... May, .410 . 

^ -Discussed in Schenectady. June, 492 

-Electrical Developments of 1928 Reviewed %t . • 

. St. Louis Secflon.^. Mmch, 245 

^-First Power Group ^Meeting, Chicago Seefion 

December, 930 • 

-Fourth Student Branch ^nveMon North 

Eastern District.. June, 495 

-Group Activities Proposed in New York Section 

_ . . A jml, 0 828 

-Institute Affairs Discussed by Washington 

Section. .June, 492 

-Iowa Section Organized.. November, 852 ^ 

-Joint Meeting Held in Virginia.Mart•/^, 245 

-of Virginia Sections of National Societies 

February, 159 

-=— Joint Section and Branch Meeting held in Akron 

June, 492; Cleveland, May, 411; Columbus, 

June, 492; Louisville, February, 159; Milwau¬ 
kee, May, 411; Nebraska, June, 492; Seattle, • 

June, 402; Urbana, June, 492; University.of 

Idaho.. June^ 491 

-Louisville Section Meeting. Jtme, 492 

-Meeting of Executive Committee of Middle 

Eastern* District.*. Nove7nhcr, 852 

-Midwinter* Dinner of Pittsburgh Section * 

February, 158 

-New Developments in Filoctrotliormics rand 

, Electrochemistry. Mareh,^ 244 

-New York ASection.. J^dy, 571 * 

-Electa Officers for 19294^0. June, 491 * 

- Meeting. February, 158 

-Devoted to International Communi¬ 
cation. .March, . 246 

-on Wonders of Sound TransmMon 

. November, 852, Decipher, ^0 

-New Expansion Activities-. .May, 410 

-Power, Transportation, and Communi¬ 
cation Groups Meet.*... December, -929 

-Recent Meetings... May, 411 

-Student Branch Convention. June, 495 

-:-- Statistics on “How Much Light” 

^ ^ December, 929 

--'^Transportation and Commimication 

Groups. November, 862 

-North Carolina Section Organized. June, 491 • 

-Recent Developments in Electrical Industry. 

February, ' 159 

-Section Organized at Birmingham, Ala . .August, 661 

-Sections, List of... .January, 87; February, 173; ' 

March, 255; April, 348; 425; J7ine, 507; 

July,’ 583; August, 656; September,^ 724; 

. October, 790; November, 860; December, 9S4 

-opealdng Contest Held at Los Angeles Section 

^ February, 158 

-Twent*-lifth Anniversary Meeting of Seattle 

Section..’ March, 2^5 

Student Activetibs: . Affiliated Student Society 

^ March, 2^;Aprilf^ 346 ^ 

--Annual Colkige Branch Night of* Den'sj^er 

Section*.'. .*.. Jur»e, 496 
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INSTITUTE AND RELATED A&TIVITIBS 


Journal A/1. 


^ — —s—* Joint Meeting o¥ Los Angeles Section with 

* Student Branches.--^. April, 

-Meeting of San FraneiscQ Section une, 

— -Utah Section*..June, 

-•at Dallas Regional Meeting... J une, 

-Pacific Coast Convention. October, 

--JBranci at Southefn Methodist Xlniversity 

* ^ . November, 

‘-^— at University of Mexico... November, 

— -Branch Conference at Pittsburgh...... February, 

-Convention and New Yorl^Sefstion Meeting 

April, 

-Organized at Cornell University.*,. ,March, 

-Michigan College Mining and Tech- 

^ nology. October, 

-- — ih North Dakota. July* 

- -Branches List of .,., January, 88; February, 174; 

March, 256; April, 344; May, 426; June, 608; 
July, 584; August, 666; September, 724; October, 
792; November, 860; December, 

H -Confluence on District No. 2. May, 

^-Distpct No. 6....;. May, 

“-Conference on in Great Lakes District February, 

-Convention sSt Troy. May, 

• — — Convention Held in Philadelphia. April, 

-Convention of, in Ohio.. January, 76; December, 

—Discussed at Cincinnati Regional Meeting 
^ ^ February, 

-Electric Show • at Montana State College 

_ • January, 75; December, 

-1-Electncal EMneering Exhibition at Yale Uni- 

. ^ versity Branch. February, 

— -Electrical Show at Michigan State College, ilfai/, 

^-Joint Meeting of Oklahoma Section and Neigh¬ 
boring Branches. ,July, 

-Montana State College Branch has Rhodes 

■ • Scholar. April, 

-Paper on Student Branch Activities. April, 

-Past Branch Meetings_ J anuary, 75; February 

162; March, 247; April, 332; May, 416; June, 
496; July, 574; August, 662; October, 785; 

November, 854; December, 

-program in Cincinnati. July, 

-^Vancouver Section Holds Annual Student 

Meeting. April, 

Year Book. April, 

American Mathematical Society Meeting. ,November, 845; 

• December, 

— Welding Society, Annual Meeting.. April, 

B 

Berresfo?dv’Death of Mrs.p. March, 

Book Review. April, 326; June, 488; November, 

goulder Canyon Dam Legislation. T . February, 

— Engineers Named by Wilbur.J une, 

Gen. Lytle Brown Appointed Chief of Engineeife. November, 

c 

Owfnegie'lnstitute Special Courses. May, 

Census BiC to Pass.•. July, 

Chemical Industry Exposition ..., March, 241; April, 322; 

May, 

Columbia University SoholaiTship in Electrical Engineering 

March, 

Cuban Engineers Extend Invitation. March, 


331 

496 

*496 

496 

784 

854 

864 

161 

330 

247 

785 
674 


946 

413 

414 
161 
414 

30 

i2 

161 

932 

161 

414 

673 

331 

330 


932 

573 

331 

325 

922 

321 


244 

849 

156 

487 

848 


408 

568 

402 

242 

241 




Visit of Prof, van Hecke., y,.... December, 

Engineering Societies Employment Service... J anuary, 81; 
February, 167; March, 252; April, 338; May, 421,422; 

June, ^2; July, 579; August*, 664; September, 719; 

.October, 787; Ngvember, 857; December, 

-Excerpts from Letters of Appreciation.. March, • 

■ 205; April, 284; August, 
Engineering Societies Library 

Annual Report.- May, 

Book Notices... .January, 79; February, 164; March, 

260; April, 335; 5fay^418; June, 500; July, 576; 
August, 652; September,31S\ October, 785; November, 

856; December 936. 

Engineering Societies Secretaries Meeting.J uly, 668 

Eye Sight Conservation Council Officers 1929. May, « 407.. 


922 

t 

93§ 

m 

407 


Faraday 
— Meda 


, Electromagnetic Centenary..*r.... .December,. 

_fb DrrSemenza!. July, 

Federal Power Commission, Changes in. June, 

Ferntagung Meeting by Long Distance Telephone. 

Fritz, John, Medal to Mr. Hoover. May, 

-^ Dr. Modjeski. November, 

G 

^Government Reorganization.J une, 

wand Rapids Elects Engineer.C. June, 

H 

Hague, Dr., Visiting Professor at Brooklyn, Poly technic 

Institute. October, 

Highway Research Board to Meet in December.. .August, 
Highway Safety Campaign, A.*. October, 


923 

665 

486 

651. 

404 

848 


781 

645 

781 


I. B. C. Investigates Resistivity of Aluminum ... March, 241 
Illuminating Engineers N. Y. Section Meetings.. December, 922 

-ToeMeet in Philadelphia. September,. 712 

Industry to Cooperate 'mm El^trochemists... .Se'j^ember, 712 
International Conference on Large High-Voltage Electric 
l^stems.J anuary, 64 

— Congress on Steel Construction... . .May, 404 

— High-Tension Conference, Fifth Session. May, 402 

— Illuminating Congress. March, 242 

^ K 

Kelvin Medal Awarded to Andrd Blonde!. ?•. August,** 


Lamme Medal.... February, 154; June, 483; Augu^, 641, 6.48 

M " . • 

Massachusetts Institute Heajg Hjifdra&lie Engineer 

845 
487 • 
71 
163 
668 


^ • Noveyiper^ 

Land Grant Colleges Survey .fTune, 

Louvain Memorial. T.. T. . JaTfuary, 

Midwest Power Engineering Conferenqua. February, 

Mississippi Ploodf»Control.,., .June, 488; July, 

Montefiore Prize. FelTmary, 155; July, 

Muscles Shoals Again before Congress. July, 

N • . 


669 


D ; 

Debuchi, Ambassador, Guest of Engineers.T_ Jurie, 482 

Diesel and Oil Engine Course at Brooklyn Polytechnic 

Institute:. September, 715 

Current Industrial News Digest_ January, 90; February, 

176; March, 258; April, 346; May, 428; June, 610; July, 

^ 686; August, 668; September, 726; October, 792; November, 

. r 862; December, 966 

' E 

E(fison Medal. January, 65; MParch, 238 

Electrochemists to Disc|iss Aviation Materials... .August, 641 
Empire State Gas and Electric Association Electric Sec- 

^ tion Meets.. J anuary, 66 

Engineering Experiment Station Record .c.. July, 563 

Engineering PeUowship at University of Wisconsin.. April, 328 
EnginberinoTPoundation 

Alfcys of Ircm ResearSi. Mctrch^ 243; October, 781 

Annual Report.... May,Ti 408 

Research NarrativesC Vbl. Ill. October, 782 


ilectric Code, The..... .September, ^715 

"" -il Meeting to be Outstandmg, The- October, 779 


National 

Nationals _„ 

National Re'^earch Council Advisory Aid Solicited from 

Ei^^eers and Scientists. «.... September, 

-r-Three^Day Insufation (►Conference at M. 1. T. 

5 ^ * November, 

Naval Architects Ifeid Marine Engineers Meeting November, 
'‘New York Electrical Society te Hear about Hudson River 
Bridge. October, 

P 

Patton New Director U. S* Coast and Geodetic Survey 

June, 

Plea ftJr Forest Conservatmn.;. December, 

Polytecjmic Institute Extends* “Open House” Invitation 
^ . January, 

Power Circuit Analysis Colloquium... .April, 322; J^une, 
^ 486; August, 


R 


• % 


Radio Commission Membership ConfinAed.. ^tme, 

^ Engineers Meeting.. ^. April, 


713 

844 

846 

779 


487 

924 

66 

648 


486 

321 
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INSTin^TB AND BiELATED ACTIVITIES 


Reactive Power...... ^ Man 4 nc 

Rehbo<^,:Dr. T., on Lecture TUur.^‘ ‘.‘48; 
^ Keseaten Graduate Assistantship at University of Tiiinnia 

, vr A* -a’ m -Li * • • March^ 242 

* .... Seviemher, 71S 

Kogenwald Industrial Musejim. October 781 

^ Rude^berg, Prof., to Lecture at M. I, T..,.... February’, 163 

; • s-.. ■ 

® • • • • . November, 846 

Safety, Nation-Wide Radio Hooff-up on. MaVv 406 

ScliuoJ^^(R, Death of Mrs.T... Jamuiru 72 

• Seientific Conquest of 1928. Janua^* 66 

* * ..’' * Sepicmh^l 714 

Hafold B. Smith, President-Elect.. July, 564 

gJ^^Speiay now President of A. S. M. E.,.. f January,' 66 

Abbreviations ^or Soientifio and Engineering ITerms 

A. I. E. E. Standards 4-Pproved as American StandarJis 

A. I: E. E. Test Codes Suggested.. February] 153 

Amencan Standards Association. August, 645 

— — for Ele^ric Welding to be Developed. September, 713 

-Oil^ChrcuitJBreakers and Horn-Gap Switches 

and for Disconnecting. September. 712 

Bureau of Stmidards to Publish All Letter Symbols ^ 

Code for Protection against Lightning Becomes 

Amencan Standard.. June 4M 

Constat Current Transformers.*. ,July] 565 

Defimfcion of Breakdown Voltage and Dielectric 
Strength. 404 ^ 

. ^3 

...^ 

. Measurement of Core Loss*.?. .....jSJw' m 

Temperature of Secondarily Ventilated 

Methods of Test for Determining Distortion^Paotor 

National Electric (^de Approved..* DeJnUr, ^ 

Navigational and Topographicaf Symbols_ October, 

'New Index Now Available...1 .F^^\ ?i 


• ** . * 

— Standards Bind» Available... . October, 779 

Propped Model of Standard for Adequacy of Wiring o^ 

Co^nmercial aifd Indus|rial Bufldings. November, 845 

— otandardsforConstantCwTentTrahsformers.June, 484 • 

Protection of Electrical Circuits and Equipment 

Reviriem-of Illumiimting "“Engineering iJbHimSture 

and Photometric Standards.. . March* 239 

Specifications for Weatherproof Wires and Cables 

Standard Dimensions for Polyphase Induction M<^rs 

Switching Equipment for Powerapl 

Symb^ for Hy^aiilics ‘ ‘J .oJtah^' 779 
Mech^cs, Structural Engineering’ and Test- 

mg Matenals . Nouertber, 845 

— I^hotometry and lUummation.. Awpwsi, 645; 

Test Codes for Eleotri^l Machines. ApriZrf 8 ^ 2 ^^^' 483 ♦ 

Tiiree New Amencan Standards. ^September, 7 ll 

Reports on A. 1, E. E. Standards Available * 

V^uos of A-C. Test Voltage for Household De^^ 
Cancelled.... 322 

811 ^ * 


Thoma, Dr. D., Visits America-_:. October. 780 

U 

U^ted Engineering ^oiety Annual Report. March. 240 

University of Pennsylvania NewEvening Course. November, '*848 

V 

J. H. Van Wagenen Appointed Boundary Commissioner 

June, 487 

w ■. 

WacWngton Awarf.. February, 165; November 845 

Weldmg^do for Building Construction. June, 486 

.®“e“eers to Award First.. .7«2« 5M 

^Sno Congress, ToHo.... Jav,uary, 64; Jl^’ 

402; Jidy, 663; SepUmber, 712; October, 778; Novemb^^ 

World Power Conf^noe. .October,'’781; 

, December, 922 










































INDEX OF ABHORS 


. ' ^ C . g-, 

AUner, F. A. 

’Almquist, M. L., 


A*' 


.r. 

ilgeniritz, IT. M., 


. Se^lemhefy 

aiid Black, H. S. 

January, 


Anderson. .•'.••• • 

Angus,. R. H ..*. JSIovemoer, 


702 

IS 

866 

837 


B 


Bailey, Benj. F. 


.April, 


273 

96 

41 

228 

126 

742 

677 

729 


Baker* B. P. and Dickinson, R. C. February, 

BSer. E. H. and Park, R. H. 

Bams, B. L. andrQilt, C. M... it'.hminni 

Bliwk,^’H. S., Atodiiist, M. L.. and 

Blye. P. W. andMcCizrdyj R. G'..y 

Bod^e a A. and Cuftisf R. C. Janua^. 

Brand, F. F. and Palueff K . • - 

Breisl^, J. V. and Erickson, E. 0... • 

Brosn^^ T. J. and Kelly, R....... 

'Brosnai^ T. J. and Wolfert, E. R............. 2 (}fi 

BuUer, F.B.,, Sohurig, O. R., andKu^, H. P... Marc^, 20 b 

Burnham,^/J., North J. R., and Dohr, 1. R.. • June, 465 

Burroway, A. d^d Wagner, B.B.... ,. 366 


16 
461 
37 
542 
118 

669 
206 
465 
.May, 366 


370 

842 

526 

521 

538 

629 

453 

37 


62 

450 


J; :::::::::: 

CmrtisI R. C. and Bod^e, C. A. January, 

D 

DaTds, and Eddy, W. N......... •••y 

Dawes, 0. L., Hoover, P. andReioha^, H. H.... 

DawM, C. L., Reiohard, H. H., and Humphries, P. H. 

1 / CtTlUCtTy^ 

Dellinger, J. H..•.»• • • • 

Denton, P. M.. • • .. ; . January, 

Diolonsom R. 0. and Baker. R P..*. Fe^p, 

Doggettjij. A.,and Queer, E. R...October, iOJ 

Do^, I. ^TBumham, E. J., and North, J. R. 

Draki,H.W.. .. Ocioher, 747 

Dreese. E. B.•..•*: ••• 

BSt h: b::;:'.v.’.v. ■ v.v.v.v.v.v.v.v.v.v.v.v.^^^^^ 

E 

Eddy, W. N. and Davis, B. W. Janmry, 

Edson, W. W..*.. • • ..... June, 

TniHAVanTi, E. 0. a^d Breisky, J. V. Felruary, 


695 

770 

374 

613 

633 

603 


Glover, E. E. and Plumb, H. H;.<-. Seplern^, 

Goodwin, V. B.’ and MeBachron, K. B .•-..... Ma.y, 

Gray, C. H. G. and Mactid, W. H. .'. .July, 

Grisoom, S. B..».761 

GuUiksen. P. H..October/ 751 

.•TH • *. /' 

Hague, P. T. and Penney, tl. VT....... • .June, 

Halperin, Herman, and Miller, K. W.. .January,^ 

Hawkins, C. B. and Soholz, H. J. 

TTnflnAUfi T K .•. November, 

Holmes M a...... 

Hoover,’ P*K, ‘il^iohard. H. H., and Dawes, C. L.... .Jum, 

Humphries, P. H., Dawes, C. L., alM Reiehard, H. H. 

0 J CttUbVfdTu ^ 


473 
20 
264 
673 
>3 
17 
829 
224 
‘460 
796 

3 


Ilgenfritz, L. 
Ink, J. B. ... 


M., Black, H. 


I 

S.. 


and Almquist, M. L. 

January, 
.f. May, 


14 

363 


Jamieson, B. G.v;*; • ^^^^'f'uary, 101; May, 

Jones, S. Murray and Treat, Robert. January, 

K 

Kalb W C ... December, 

Karapetoff, ‘^dimir. February, llS,movember, 

Kehoe,A.H... 

Kelly, B.%nd Brosnan, T. J.. J^y, . 

Klev,’P., Jr. and Shirley, D. W., Jr. 

Kuehni, H.‘ P., Bulier, F. H., and vSchurig, 0. R. March, 


392 

66 


917 

833 

600 

551 

881 

907 

232 

269 

206 


3 

105 

49 

96 

769 


32 

431 

669 


52 

440 

118 


^ L 


•«70 

756 

624 

884 

647 

IP 


LaHoon, C. M. and Calvert, J. F.. 

Landhy, 1. T... October, 

Lane, C. E. and Shea, T. E.........•... August, 
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digest bE^CURREOT BWU STRIAL NEWS j 


NE^Y 


cJi-AL^GUES AND • OTHER PUELI^TIONS 

Mercury Arc RectIllers.-B«U6to QEA-iyi. !» 
scribes mercury arc rectifiers for railway 

. trie Company ^ 

steering Corporation. 200 Ma^n 

De^ribesmotormaintenanoeeduipmentandeleoto^^^ 

Tbe ^uiP—t ^ 


. underoutters, slotting files, blows, etc. nhaDter whicb 

iTistmctionis for the operation of d-o. generators, a cnapiie 
’ treats in detail t^some fifty oommutalibr troubles and ren^M, 
definitions of electrical cenns; and tables on the ® . 

oanacitv of solid and stranded wires, as well as tables on fusing, 

un Describes Bull Dog “Btfs-DUCT” and “Trolley-DUCT. 

The latter is a flexible system of dectrii^ *r*'^°^n*^tomobile 
electrical tools as used on moving assembly Ums m automoto e 
Sthermassproductionplants. Bns-DUCT is a bus bar 
tern of olectncal power, distribution for industnal plants ®“Ploy^ 

* ing mess*production methods, where frequent and repeated, 
chaoses, in location of machos, motors and^Mmetimes wh^e 
departments are desired on^ort notice. It di^lMCS, to 
extent, the older metho^t of distribution ^ condmt, w^es and 

power pands.: Butt Dog Electric RroduotSjjpo., 7610 Jos, C^pu 

Aymue, Detroit, Midi. > 

r-T ' NOTES OF THE» INDlJSraTf ^ y 
lie Watiner Electric CorpotatlOi»,f^ iquls, has ap- 

pointed D. O. Reardon as zopreseitatiLve for part of Iowa, with 
headquarters in Des Moines, Iowa. 

The OlUo Brass .Company, HansBeld, Ohio,- announces 
that" its •Boston office in Qbarge of Harvey'H. ' Ho5^, has been 
^^moved Com itofonnhr location in the littie Building to Room 
1001 , Statier Building, 20 i^videnee Street. / 

Tiie Kiihlmicn 'Mecbrid Company, Bay City, Mich., 
manufaethrers of pow®, distribution and street lighting tr^ 
formers, annotmow the appointment of. Prank C. Paasett, 16 
East Jackin Street, Phoenix, Arizona; 4s its j^epresentativi^ in. 

that territory.'.’r ' •' 

11 m AUlS'Chbimers MamifoetariiMt Company, Mjawau- 

~ .. w, Sons Coirii)^; Chain- 

bei^urg.Ha, as special dfetributors,of Tens^ewyeii. A laige. 

' stock of Toxrope. drives andTejxdje belts will Wsaji^edS>has^^.to 

■ 'n render prompt and efficient service. '' 

* The iManiTfiififiirtnd Corporation has anhouhCed the' 
o^truotion of a large addition to the new facti^ at Port Waj^^ 
Ind., 5ebling the capadty of th)4 present.plaSiii JJitte stoctdre 
win be eoinpletdi shorRy after the.lhst of the y4&. ^he j^t, 
phioh was founded by Gtebr^ A; Jacobs an^.si^omte8, inanu- 
faotures copper wire products for the ta^o.-'d^W^^and antciH 
v»* motiyeinduifees. ■ ■; '.A'-J. 

Paul Stau^..hasbee]i appointed eaiterhnianager of tihe com.- 
pa,ny ^th hoadqii«r^ s^ewark, IS. J.,.^d R. A. Coni^ 

- V^aetintihotise BudSds Ea^e -SynOhronbini Converters.— 
The i^essler and Haidadier dhemkia Company, of PtiagaA, 


Palls has recently ordered two 16,000 ampere, 340 '\i6lt d-o! 
synchronous converters fropi'the Westinghouse Eleotrio* & Man¬ 
ufacturing Company. 131686 machines, wfll >dve the largest 
current rating of any converting equipment in electrolytic ser¬ 
vice, increasing by 60% the current rating of any prwiously. 
installed converter used for this purpose. Switching equipment 
for the converters’and two 5800 k-va., 3-ph^. transformers #vith . 

tap changers were also included in theory. . 

New Smill Motor Starter.—A new copntpr B. M. P. type 
automatic Starter has beefl developed by Cutler-Hammer; Inc., 
163 12th St., Milwaukee, Wis. Thji new, sman niotor starter 
incorporates a number of ney and important features such as:* 
small size*, reduced voltage starting, thermal overload protec¬ 
tion low voltage protection and renewable silver contacts. It 
is rated up to 2 hp., 115 bf 230 volts. -The oontaotors are de-. 
rigned especially for direct current service and the renewable 
^ver contacts insure long life. Each star^ is supplied with a 
separate pushbutton master switoh proviffi^ three-wire remote 
control. Two wire oontrol can b© furiushod, if desired. 

Electric Ships for the Padlle.—Two vessels over 600 feet 
long, with turbine-oleotrio propulsion and otherwise completely 
g h^.Hn«.iiy equipped are to be oonstruoted by the Newport News 
Shipbuilding and Dry Dock Company for the Dollar Bt^ahip 
T.faft The vessels will be sister ships of twin^Hjrew de^ and 
built for a speed of 20 knots. The first one to be oonstruoted 
wfll be (Bmpletely eleetrifled by the General Bleotrio Company. 
It wfll have accommodations fbr, 450 passengers and a crew of 
more than 300. The power plant on the &8t boatwill obnast of . 
two 11000 diaft-horsopower turbines running at 2ou0 r. p. m. and 
driving two altemating-ourrent geneSrators eadi having a oon- 
tihuouB rating 6f 10,100 ^owatto, 3-phase, 4800 volts. -^Me 
nWn propffision .^nemtors wfll supply eleotomt^ fm dn^ng 
-itivd >ld,256 horsepower, synohrtaibusgnianotion ^motors, eaon 
-^i^bted to one of the twtipropaior shafts whioh .win turn at 
' to wte of 133 r.p.m. Exdtatipn and power for opmatinga^ 
iaries afid lighting will ^Is lushed by four ^kifowatt, 2^ 
volt, compound-wound, 

geared typo. Bleetrifioation of the auxlj^ffis will be p^l^^ 
complete, even to the exteii1»4^ geneFalwse of electoj^^p^i!-.^.. - 
Soviet Russia Employs'Airiprioan Enilnteer|^iV^^ 




in Soviet industitol and agflouirarai -- 

announcement of the Amtorg Trading C&qtoratiem The Amen- 
can engineers who have either left or will leave shortly for wk 
in the Soviet. Union, indude expert^ in the ifietal mdustnes, 
oonstru<}l(|pn, irrigation, mining, etc. Whde a l^e 
tedmioallMtahoe contracts, providing for sending about ^ 
Anierldau e^neers to the Soviet,Uifion,.haVe been conduded 
•vrithin, the p«^ yeaiif witNAmenoan firms, ffio contracts wito m- 
dividusil engine?i 5 fe*w 6 re made until recently. In view o e 
announced polie^f the Sodet government to emidoy for^ 
tteohnioal talent tcfa greater Wee, it is expected tot a umnber 
.of additional American engineers will bo en«a«®d 
vlndustrial and agricultural enterprisee,of to U. S. S. K. 
the hidividual Aineri<to eiji^neers who jiav© been retaiMd _ y 
Somel organizations are seven hydraulie engiieei? J>y 

ArthJfl::P. Dayis, formerltr ohief of#ie 

tion Sd)rrioe,;who wfllsupervisS ’ 

Ada and Traraeanoasia. A number of olffier Soviet jndustto 





'■U*i 


leers, j:«comeiE-»uu ouj^iw v 

?The emplo^fof American engmeert 
i poiMund is done thiough .to AmtorS, TraiS^_ .lp a 

‘261 Rfth Atenu«.?^e^T<»k, refiresentativeBin this oountry oi a 
uiiznher of the ^rinoipd' Soviet industrial euteicprisesv. • 

• ‘ ^ /■; V,. . 
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